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1.0 PROBLEM STATEMENT

The purpose of this calcu]atmn is to evaluate the Ultrasonic Test (UT ) thickness measurements

. taken in the sandbed region during the 14R outage (1992) in support of the O.C. drywell

- corrosion 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. These 1992 inspections began with visual inspections to identify the
thinnest areas in each bay. UT measurements were then performed on the thmnest pomts withiin -
each area. : :

In October 2006 the majority of these areas were UT mspected a second tnne The locatxons
were found using the data sheets from the 1992 mspecnon :

In addmon, revision 2 of thxs calculatlon develops representatwe areas and thlcknesses for each
-'bay . .

This calculation is not intended to develop cotrosion ratés based on comparison of the 1992 anid -
2006 UT data. This is due to uncertainties and inconsistericies between - the 1992 and 2006
external UT readings. Reference 3.8 provides an' assessment of corrosion rates in the sandbed

* from 1992 to 2006 utilizing regularly monitored Iocations from inside the drywell. Reference 3.8 B
" concludes that there were no observable con’osnon rates in the sandbed between 1992 and 2006. o
‘Reference 3.8 also performs a “worst case” analysis of the’ external data. reviewed in this
calculation and concludes that éven when assuining the worst apparent material loss (which is
not credible), none of these locations would corrode to-less the minimum requlre thlckness prior

to 2008, which is the next schedule inspection of these areas.

20 . SUI\ﬂVIARY OF RESULTS

This calculanon demonstrates that the UT thickness measurements for all bays mieet the reqmred
_ minimum umform and local thicknesses. .

- This was perforiried by evaluating the UT measurements for each bay against acceptance entena' :
- for genera] buckling, local buckling, and pnmary membrane plus bending stresses. '

All UT measurements for bays 3,5,7,and 9 are all greater than the uniform acceptance criteria

 and therefore acceptable (see table 2-1).

All UT measuremients for bays 1 l 15, and 17 areé all greater than the uniform acceptance cntena,
except for one measurement in each bay. Further evaluatior of these three areas show that they :
meet the local cntena and are therefore acceptable (see table 2-1).

ANl UT measurements for bays 1, 13 and 19 are evaluated using umfonn and Jocal cntena and
found to be acceptable. The results are. acceptable (see table 2-1). -
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Notes- 1) This value is the average of all Indiv. dual UT readmgs. .
o 2) This value is the average of recorded thicknesses in a local area not greater than 36" by 36”
3) This value is- the thinnest of all mdwxdual UT readmgs in that Bay
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30 - .REFEREN CE:
3.1 Drywell sandbed regxon plctures (Appendxx C)

32  AnASME Section VII Evaluation of the Oyster-Creek Drywell for Without Sand -
: Case Performed by GE Paﬂ 1 Stress Analys1s Revxsnon 0 dated February 1991
Report 9-3.

"3.3 . An ASME Section VIII Evaluatxon of the Oyster Creck Drywell for Without Sand .
' Case Performed by GE — Part 2 Stabthty Analysis, Revxsxoﬂ 2 dated November .
1992 Report 9-4. .

34 ASME Section Il Subsectxon NE Class MC Components 1989,

3.5 . GE letter report “Sandbed Local Thinning and’ Raising the Fixity Hexght Analy51s
- (Line Jtems 1 and 2 In Coritract PC- 0391407)” dated December 11, 1992. -

36 GPUN Memo 5320—93—020 From K. Whmnore to J. C. Flynn-' “Inspection of N
* . 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, Engmeenng Societies Monogmphs, McGraw Hlll Book
Company, New York, 1961

" 38  Calculation C-1302-187- E310- 041, Rev. 0 Statistical Analysxs of Drywell Vessel' .
_Sandbed Thickness Data 1992, 1994, 1996, and 2006.. '

. 39 :TDR1108 “Summary Report of Coxrechve Action Taken From Operating Cycle
: 12 through 14R. .

" 310 - ASME Section VIIL, 1962 _E'di’ti‘on.. _

.40  ASSUMPTIONS AND BASIC DATA-

: _'4-.1 Raw UT measurements- for each bay are’ presented in Appendlx D and
- summarized in the body of calculation. _

42 -.References 32,3 3 and 3.5 have been de51grx verified and are assumed correct.
43, The average of a series- of thinnest UT readmgs within an area results in a

conservative estimate of the average thxckn&ss of the area. Thxs -<concept 15
- illustrated in ﬁgure4 31
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5.0 DESIGN INPUTS:

5.1 Observatrons of the outside surface of the drywel] shell mdlcate a rough surface..
. with varyihg peaks and valleys. In order to characterize an average roughness
- representing the depth difference of peaks and 'valleys, two impressions were
miade 1992 at the two thinnest UT measurernents for bay 13 using Epoxy putty

Appendix A presents the calculation of the depth of surface roughiness using the
_drywell shell nnpressrons 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-calculation as a
-~ conservative depth of uniform roughness for the entire outside surface of the
- drywell in the sandbed regron. This is-defined as Tmugh

52 . Drywell Desrgn Pressure = 44.0 psig, Oyster Creek UFSAR Revrsren 13, Section
.."3.82.8, Page 3. 8-61. Drywell Design Temperature = 292°F, Oyster Creek, -
- UFSAR: Revrsron 13 Table 3.11-1 oo C

' 53 The reqmred sandbed shell thickness efor the Desrgn Pressure and Temperature is
.- defined in paragraph ASME B&PV Code; Subsection NE paragraph NE-3324.4,
Spherical Shells, as: -
t= ﬂ— Where: P Design Pressure
'28-0.2Pp . .
'R = Inside Radius of the Shell =420 inches.

8= Maxrmum Allowable Stress, SA 212 Grade B
=19,300 psi (From ASME B&PV Code Sectxon 21
1962 Edmon and Reference 3. 2 Section 2.2)

.54 Drywell Sandbed buck]mg desrgn thrckness is 0.736 mches Taken from._ .
References 3.3, and 3.5. . .

55 '_ -Analyucal design mputs aré taken from References 3. 3,3.4; and 3. 5
56  The1992 UT datais provrded in appendrx D. '
5.7 -The 2006 UT data is provided in Appendix E.

58 In 2006 Inspectors located the majority of the same areas by using the 1992 NDE
Inspecfion Data Sheets. Since many of the inspected locations were ground down
in 1992 to develop a smooth surface, the bulk of the locations could be found by
‘observing small flat convex areas in contrast to surroundmg the surfaces that were
rough. The data is: provrded in Appendrx E.
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These readmgs were not mtended for comosion rate trendmg due to uncertamnes
.and inconsistencies between the 1992 and 2006 UT readmgs These uncertainties

mclude

. ) UT eqmpmmt' msmnnem unce‘rtamtles and.

a) The roughness of the inspected surfaces due to the prevmusly corroded'. '
surface of the shell in the sandbed reglons '

b) The dlﬁ‘erent urT technologxes between 1992 and 2006

d) “The poor repeatabxhty in - attempbng to inspect the exact same-
unmarked locations over time . : :

Never the less a consérvatwe eva.luatlon was performed i i1 which the ‘worst case
difference between 2006 and 1992 values were evaluated to ensure that the next
schedulcd mspecuon iy appropnate (réference 3.8).
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6.0 METHO‘DS OF ANALYSIS:
Acceptance Criteria

The requirements of sectlon 6. 1 and 63 sha]l be met or the reqmrements of section 6. 2 and 6.3 .'

' shall be met.

.61 Sandbed General Umform Wall Criteria:

Crzterza T?te Drywell VesseI in the: ‘Sandbed (between elevatmns 8" 11%" and 12 3 ") -
 shall have an average thickness greater than the umjbrm general thickness of 0.736” or
- meetthe requzrements of section 6.2. . .

- This acceptance criteria is based upon GE. Reports 9-3 and 9-4 (Ref 32&3. 3) as well as
other GE studies (Ref: 3. 5). The GE repoits used a projected uniform’ thickness of 0.736 -

iniches in the sandbed area. This area is defined to be from the bottom to top of the . .

sandbed, i.e., EI 8’ 11‘/&“ to El 121 3" and extendmg mrcumferenttally one full bay

Individual readmgs 1ess than 0.736" may be acceptable as long as thc average thncknesses"
for surrounding area is greater than 0.736” and there are no ‘individual UT readings less
. than 0.490 inches. Areas up to 36” by 36 may be evaluated fo. the umfonn criteria by..
averagmg thmnest readings w:thm the area. '

- Therefore, if all the UT measurements for. thlckness in one bay. are greater than 0. 736
inches the bay is evaluated to be acceptable. Also if the average thickness of adjommg
" readings (within an area as large as 36” by 36) is greater than 0 736” then that area is-

acceptable _ :

'Also "Evaluatmn ’anknesses” calculated per section 6.4 may compared ta the umform. '
" acceptance cntena of 0.736”..

Where the above evaluatmn methods Cannot meet this acceptance cntena, a more.
. detatled evaluation for local buck]mg shall be performed pet section 6.2,

, 6 2 Local Wall Cntena For- Bucklmg

Cnt.erxa An evaluated area for local bucklmg shall not be larger than 36" by 36 ” wide.
The center of the area shall be no larger than 12" by 12" and shall be.on average 0.636 "
thick or greater. The surroundmg 36" by 36" area centered on 12 by 12" area shall be
. onaverage thicker than the transzuon Jrom 0.636” to 0.736". C

4
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This criteria is schematically shown below.

Figure 6.2-1

127

127

y 12”

4 ; Plan '
omser L o B
0.636” . | | o
o Sl : SI€<—> |
. . , B | 12'” | k 1,2” oot
.' 12,9 . .. :
| Pi‘oﬁle )
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“The studies in Refe’rencc 3.5 do not reflect actiual drywell shell conditions but are used as
assessment tools for areas of the sandbed region that have reduced thickness. The methodology
used in these studies is provided in reference 3.5 with excerpts 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 anhcxpated Joads apphed The structural stiffness matnix, [K], the stress

stiffness matnx S}, and' the apphed stresses, devcloped and saved from this statlc

analysis. A ‘buckling pass is then run.to solve for the lowest exgenvalue or load factor, 4, forthe =~ |
whole structure at which elastic buckling can occur. This load factor, or eigenvalueisa = . N
.. multipljer for the applied stress state or apphed load at which the onset of elastic buckling will -
- theorchcally occur. All the apphcd stresses in the structure are scaled equally by the load factor

This analysxs tcchmque is applied to the drywell pie shce finite element model, with a reduction
" in thxckncss of 0.200 inches (below the-design buckling thickness of0.736") in a local area of 12
x 12 inches. in the sandbed region, tapering to the origizal thlckness over an additional 12 inches, -
located to tesult 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 bucklinig load.
The theoretxcal load factor / eigenvalue for this case was reduced by 9.5% from 6.14 to 5.56.

It should be noted that thig reduction of 0. 200 mches is overa 144 square inch area of the sheIl
while tlie actual surface area mcludmg 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 thxclmesscs also contributed to the 9.5% reducnon in load
' factor ' .

In addmon a sccond buckling, ana]ysxs was performed for a wall thxckness reduchon 0f 0.636..
inches over the 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 maximum dlsplacement point in the buckling analysis with uniform thickness 0.736”
as per Reference 3.5. The actual surface ared including the tapering of the thickness isa 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 conttibute to the 3.9% reduction in

* . load factor stated previously. The total loss in volume, compared to the same area witha -

thxclm&ss of 0.736", is 72 cubic mches .

For this calculation only the second case, Wthh is more oonservanve is to be used as acceptance
“criteria. : :

- Actual individual thicknesses readings within the.12” by 12” area may be less than 0.636” as
long as the individual readings are greater than 0.490” (section 6.3) and the average thickness
over the entire 12” by 12 area is greater than O 636”. The same rational is apphcable to the
transmon region outside the 127 by 12" area. . '

OCLR00030687



1 Subject”

Calc No.

- RevNo T Sheet No.

O.C. Drywell Ext. UT Evaluatxon in Sandbed C-1302-187-5320-024 2 130183
Originator™ - - Date - Reviewed by Dﬁte :
Peter Tamburo T 3/21/07 Juhen Abramovici - -

. ‘The actual UT readings-and their spatxal telationship will be compared to the acceptance criteria
by plottmg the profile of the areas and the recorded thicknesses overlaid on the criteria. This

concept is shown on figure 6.2-2. Profiles will be developed in two dlrectlons, one in the vemcal

dxrecuon and the second in the honzontal dlrectwn

Fioure 622

. 1) Dotted lines are thxckness which have not been )
' measured bigt are greater than measwred areas. x
. The solid lines are actual recorded thxckness for each-area.

0.7367§-

o Therefore plotting the recorded UT Readings which
are the thinnest at each location provides a conservatwe -
: estlmate of the th;ckness of the- regton

2) The-distance between areas and their spatml relatxonsth was
obtamed from the ong:nal data sheets.

3) ThislineiS the .
- profile of the criteria '

127

127

127
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- 621 Correetmn for the Locatxon of the Locally Thin Area.

The above criteria based on a 36" by 36" area was developed ﬁom sensitivity studies (reference
3.5) using the original ANSYS model which modeled the Drywell Vessel. The sensitivity studies
placed the 36" by 36” grid on the area of the model that had the highest buckling stresses. This -
area is located between the centerlines of the vent lines. Areas below the vent lines had less
compressive stresses. Therefore locally thin areas located under a vent lines will have more
margin than the same locally thin areas located betw'een the'centerline of the vent lines.

This is shown in ﬁgure 3-11 and 3- 13 of the ongmal GE study (reference 3. 4) These figures
show the calculated compressive stresses from the original finite element modeling of the
Drywell Vessel for the bounding case. In particular, figure 3:13 shows that the circumferential
* stresses in the boundmg case vary from approximately 4300 to 5400 psi undér the-vent line to
approxnmate]y 6500 psi at the centerline between the vent lines). Therefore it is concluded that
.- there is at least 20% additional margin in areas that are bélow the centerlmes of the vent line. -

. These ﬁgures are attached in Appendlx G

- '. 6.2.2 -Cumulaﬁ\"e Eﬁect of Loeally Thin Area_. To Buekling

-All mspected locatxons with UT measurements below 0.736 mcbes have been determmed tobe
in isolated locatlons less than 2% inches in diameter. '

| The effect of these very local wall thickness areas on the buckhng of the shell requrres some -
_discussion of the buckling mechamsm in a shell of revolution under an apphed ax1a1 and lateral
*- pressure load -

To' begm the dlscussxon we will describe the: bucklmg ofa sunply supported cylmdncal shell ..

" under the inflience of lateral external pressure and axial load. As described in Chapter 11 of
Refererice 3.7, thin cylindrical shells buckle in lobes in both the axial and circumferential

" directions. These lobes are defined as Half wavelengths of Sinusoidal functions. The ﬁmctlons
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 constarits and if the

- thickness was reduced locally then this reduction would have to be significant and over 2

'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 fo buckle locally. This is demonstrated .

in Reférence 3.5 where a 12 x 12 square inch section of the drywell sandbed region isreduced by
100 mils and a local buckle occurred in the finite element exgenvalue extractxon analysxs of the

' drywell

~ Now reviewing the stablhty analyses prov1ded in both References 3.3.and 3.5 and recogmzmg
.that thie finite elements in the sandbed region of the model are 3 x 37, it is clear that the .

crrcumferentlal buckling lobes for the drywell are substantially larger than the 2 % inch diameter .

very local wall-areas. This combined with the local reinforcement surrounding these local areas

OCLR00030682
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and the: sphencal shell bemg close to the constramt provided by the concrete suppomng structure'
mdzcates that these areas will have no unpact on the bucklmg margins in'the shell )

 Ttisalso clear from Reference 3. S that for the first case a. umform reduction in thxckn&ss 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 buckhng design thickness is a 36 inch by 36 inch or 1,296 square inch area.

- This area of reduced thickness was located in the portxon of the sandbed con31dered most
susceptible to bucldmg, the tmdpomt of a bay between two vents,

In add;uon, a second case was performed (Reference 3.5) for a wall thlckness reductlon of 13.5% .
or a thickness of 0.636 inches over a one square foot area followed by a transition zone from

0.636 mchm t0 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 surfacc area including the transition
zong to the buckling design thickness is a 36 inich by 36 inch or-a 1,296 square inch area. This
second buckling analysis resulted in a 3.9% reduction i in 'the load factor. The total loss in volume,
comparcd to the same aréa wuth a thlc]mess of 0.736”, is 72 cublc mches '
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- 63 Very Local Wall Crl’teﬁa - Primary Membrane Plus Bending
. Criteria: An indi_vi'ddal’UT rea_dihg shall'be greater_‘tlran 0.490”.
The required sandbed shell thickness for the Design Pressure and Temperature s

- defined in paragraph ASME B&PV Code Subsectron NE, paragraph NE-3324.4,
- Spherrcal Shells, as:

«LWhereP DesxgnPressure ' S ' S
25-02P S o

-R= In51de Radlus of the Shell 420 mches'
8= Maximum Allo_wable Stress-,- SA 212 Grade B _

*= 19,300 psi (From ASME B&PV Code Section VIII
1962 Edmon and Reference 3.2, Sectron 22)

Substrtutmg values in the equahon we have :

(44 Opsi g)(420 0") -
2(19 300p51) o 2(44 0p51g)

=0.4789 mches '

This acceptance criteria for primary membrane plus bendmg stresses is based on ASME B&PV
Code, Section III, Subsection NE, Class MC Components, Paragmphs NE-3213.2 Gross:
Structural Discontinuity, NE-3213.10 Local Primary Membrane Stress, NE-3332.1'Openings iot
Requiring Reinforcement, NE-3332.2 Required Area of Remforcement and NE-3335 1
Remforcement of Multlple Opemngs '

o The use of Paragraph NE- 3332 1 is limited by the’ requxrements of Paragraphs NE-3213 2 and
'NE-3213.10. In particular NE-3213.10 limits the meridional distance between openings wrthout'.

remforcement to2. Sr Also Paragraph NE—3335 l only applles to openmgs in shells that are.
o closer than 2 tunes their average diameter. o

The 1mphcatron of these paragraphs is that shell faxlures fro primary stresses produced by

- design pressure cannot occur provxded openings in shells have sufficient reinforcement. The

" cuirrent design pressure of 44 psig for the drywell requires a thickness of 0.479 inches in the
sandbed region of the drywell. Therefore, the requirements for primary membrane plus bending
stresses, specified by thie above code sections are not required for very local wall. thickness as
long as all measured thickness are greater than 0.479 inches evaluation presented in the
calculation. In summary 0.479 inches can be considered the uniform general criteria for primary =
membrane plus bending stresses and there are no proxrmxty requlrements as IOng as all UT -
readings are greater than O. 479”
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Therefore the Drywell Vessel .1 the sandbed vessel could be umformly 0.479¢ ttuck and sull
withstand the design pressure of 44 psig and meet code stress allowable

_ Revision 0 of the calculation:.associated this acceptance critetia with a value of 0.490” and not .

© 0.479%. Also this acceptance critéria was mistakenly attsibuted to primary -membrane plus
bending stresses (pressure) and local buckling criteria, and was litnited to a'2 %4” diaimeter aréa.
 However review of the basis for the criteria (as described above) shows that this criteria only
~ applies to primary membrane plus’bending stresses and not buckling. In addition as documented

* above, the 0.479” value is a uniform thickness reqmrement value for primary membrane plus -

. bending stresses. Therefore the 2 72 diameter area restriction and proximity restnctxons to other

locally thin areas {greater than 0. 479”) is not applmable to ﬂns cntena : '

- Howevgr. for _purposes- of mamtalmng .hxstoncal consmtency and to ensure additional
oonserVatism 0:490” will remain as. the value for, th‘i_s as acceptance criteria in this calculation. -

'6.4 Development of “Evaluation Thickuess” ' ' :
This detailed evaluation is ‘based, in part, on visual observations of the: shell surface plus a -
knowledge of the inspection process. This evaluation arrives a meaningful va]uc for the general :
sandbed shell thickness for use in the assessmient to the: uniform and local buckling acceptance -
criteria. This meaningful -value is referred to as the “Evaluation Thickness”. It is computed by
accountmg fcrr the. dcpth measufements take:n around the areas w1th the thinnest centers m 1992

over a 'l mch band around points that were’ less than 0736 inch. Therefore that resultmg'
Evaluation Thickness is an estxmate of the average t}uckness of the 2 inch diameter area around
the individual thinnest reading.

6 4.1 Estirnates the Surface Roughness
. The factor that estimates the surface roughness is first discussed. The surface of the shell
has been characterized as being "dimpled” as-in the surface of 2 golf ball where the
dlmples are about one half inch in diameter (Appendix C). Also, the surface contains
. sonie depressions 12 te. 18 inches in diameter not closer than 12 inches apart; edge to
_edge (Ref. 3.6). Appendlx A presents the calculation of the depth of sturface roughriess
" using the drywell shell-impressions taken in the roughiest bay. Two locations inbay 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 was used in this calculation as a
. conservative depth of umform dmlples for the entire outsxde surface of the drywcll in the
“sandbed region.

-6.4.2 Estimate of Area Surrounding the Tlunnest UT Readmg ' '
The inspection focused on the thinnest portion of the drywell, even if it was very local,
ie., the inspection did not atternpt to define a shell thickness suitable for structiaral
' evalaanon Observations indicate that some inspected spots are very decp. They are -
much deeper than the normal dimples found, and very local, not more than 1 to 2 inches
in dxameter Typlcally these observahons were made afier the spot was surfice prepped
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; for UT meastrement. This results in a wide dimple to accommodate the UT probe and is
shghtly deeper than originally found. The depth of these areas was medsured withina 17 -

* band with a depth gauge and straight edge at 0°, 45°, 90° and 135° around these inspected - -

: dunples The depths obtained were averaged with respect to the tops of the lacally rough
- areas. These depths are referred to herem as the AVG n:ucrometer measurements '

~As these AVG micrometer measurements are very local in nature their effect on the

“ structural response of the drywell to applied loads i$ very limited. A more meamngful_ o

shell thickness for the .drywell structural response to applied loads is the general shell
thickness near the UT measured indications. This can be obtained on 2 smooth shel _
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 thé exterior of .-

- - the drywell shell in the sandbed region is very rough and dimpléd the measurement.
. described ahove would result in-general shell thicknesses near the.indications over a 2 12"

diameter area (See Figure 6.1). Te determine a conservative general shell thickness at the .

locations of interest Design “put 5.1 of this calculation is subtracted from the
combination of the UT measurement and the depth micrometer readings. This thlckness

o - is then used to determine the drywell shell susceptibility.to bucldmg by comparing it to

" the uniform and local buckhng acceptance -criteria. This thickness is reférred to.as the

“Evaluation Thickness™ and can be attributed to an- approxrmate 2 dlameter area around - -

the UT readmg and is computed as follows:.
T (evaluattori) UT (measurement) + AVG (mxcrometer) Trough |
where: |
T (evaluatmn) General shell th]ckness used for the evaluatxon
UT (measurement) thrckness reasurernent at the area (locanon)

AVG (mlcrometer) =. average depth of. the area relative to its immediate -
surroundings : o - ' R

Trough = 0.200 inches = a conservative value of deptn of typical dlmple oo the
shell surface See Desrgn Input 5.1, :

After thlS ca]culatlon xf the. thickness for analysxs is greater than 0. 736 mches the area is
evaluated as acceptable If not, the area must meet the cntena in section 6.2.

The procedure was ongmally performed on the 1992 UT mspec’uon date. and repeated on
- the 2006 data. Both sets of results are documented

- OCLR00G630693
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'-7 0 CALCULATIONS-

' 7.1 EVALUATION OF BAY #1 SUMMARY : .
The outside surface of this bay is rough and full of dimples smn]ar to the outs1de surface
of a golf ball. This observation is made by the inspector who located the thinnest areas in
1992. The 2006 inspections confirmed this observation (references 3.6). This inspection
focused on the thinnest areas of the drywell, even if it was very local. 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 thé vent pipe reinforcement plate, i.e., weld
line as shown in Figure 1-1. (Figure 1-1.is not to scale). The graphical presentation in
Figure 1-1 of imeasured indications i extracted from Appendlx D, Calculation Pages 71
10 76. Based on the mspectors 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 conservative value of 0.800 inchés.

" 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 11-00". Below

the bathtub ring the shell is uniform in thickness where no abmupt changes in thicknesses . =

are present. Figure 1-2 plots areas that are thinner than Q. 736” in 2006 qure 1.2 is to
scale with respect to the distances between the readmgs

7.1. 1 Local Readings Less Than The Umform Criteria _ ' :

Table 1-1 below provides individual UT readings for 1992 and 2006. These readmgs are

the thinnest single readings within' each locally thin area. All readings are confiried to .

areas less than 2 " incbes in diameter. Shaded readings are less than the uniform criferia.

of 0:736 inches and must be further evaluated. These areas and their location are shown
"on figure 1-2. The figure presents the areas with readings less than 0. 736 inches as
. squares and areas w1th readings over 0.736 mches as triangles. -

Areas 14 and 15 were selected to confirm that no. corrosion had taken place in'the area
‘above the bathtub rmg Table 1-1 also provides the results.of the 2006 mspectmn

Table I-1Bay # 1 ﬁﬁnnest UTData

. OCLR00030695
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8 0.805 0.783
9 - 03805 0.754 .
10 ©0.839 0.824
1R b Bt
12 E P z .
13 0.792 SN GG
14 1.147 ' 1.157
15 1.156 . . 1.160
6 . 0.796 : 0.795.
17 0.860 0846
18 0917 0.899
.19 . 0890 . 0.865
20 0965 . 0912
25 SRR SR
22 0.852 | 0.854
23 _ _ 0.850 ~0.828 -
Avergge_ 0.822 . 0.801

The table shows that all readings are greater than the criteria of 0.490". The thmnwt_
" reading was in area 3, was O 665 mches in 2006. : .

7.1.3 Bay i Local Wall Thickness Evaluation (Lbcal Buékling)

- The values in Tablc 1-1 are the thmrmt mdmdual readings found in the areas. For

. purposes of this calculation all these aréas will be considered to be 2 %" in diameter.
Eight ateas (1, 2, 3,-5,.7, 11, 12, and 21) shown in Table I-1 have individual

" measurements below 0. 736 iriches in 1992. Therefore the depth measurements were
performed on these areas in 1992 (Table 1-2). At each Jocation, micrometer readings

were taken at the 0, 45, 90, and 135 degree orientation. The fonowmg table prowdes a
summary of the depths in each azxmuth _ . '

Table 1 2 Bay 1 AVG Mlcrometer Calcu]ations _

0.272”

0.206™

02177

0.143”

- 0.143”

0 154” :

- 0.143”

TT0.4337
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3 03977 | 03167 | e 0329 .| 0347
5 03307 | 02907 | . 0304” | -0330" |  0313"
7 ' 0.208 1. 0281 0246 | 0330 0.266"
i1 . 0.200" 0211” | 0.22%7 62117 | 0212°
12 0.209" - I~ 0316” | 0261 | 0328" 0.301”
21 - 02227 | 002027 0238 | 0.183" 0.211”

Example .Of Calci;laﬁ'on_ in Table 1-2
(AVG chrometer)l DPretDi '+'Dl—90‘5 + Dyap
- 4
' 0272"+0 204"+0 206"+0 185"

-(AVG Mlcmmeter)] - x =0.217"

'Where:D_;_o = Micrometer Depth Readmg for location 1 at 0 degrem o
s taken from Append1x D Calculation Page 74, etc.

~ The following 'iable provides (per section 6.4) the “Evaluanon Thxclmess” at the locally
. thin, areas. Shaded areas are less than the uniform acceptance criteria of 0.736” and must’
" be evaluated further.: _

Table 1-3 Summary Of Measurements Below 0.736” '

S WO WO % /'l 0710 | oz | oz | _emr e | 71.33
2 | come | 0% | o | oo B L A 7133
3 005" 0.6657 0.347° 0200 f- ossr | %812 | 943
s} odwe _O6B" 0.313" 0.200" 0.823" 0793 | 1130
6 . - . 71.33
- 0,700° _0.665” 0.266" 0.200" 0.766" - BY B ¥ 7433
| omar 0N | ea | oo | ome SRa s
iz | eme _ =2 1 el 0.200° omst | 98B | a3
13 019y PLasiea ' - A 72133
21 oner | 972 ozt | ea0pr _omyr  EERIRDE 4y a3
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| Example of Calcuiatidn in--Tﬁ'bl'e 1-3 :

T(E‘,a,l,,,t,‘,,.,l —UI‘(MWW), + (AVG M:crometer)l —ng,,

Where UT(Mmm =0 720" Taken from Appendrx D, Calcuiatron
- Pape 71, Location 1 -
T.mgh 0.200” See Desrgn Input 5.1 and Section 6 Acceptance
- Critéria, General Wall.

Tekvataiont = 0.720"+0.217°-0.200" = 0.737"

"Areas 6 and 13 were not characterized in 1992 since the individual thinnest readings within the

- areds were greater than 0.736”. However in: 2006 these reading were less than 0.736”. Therefore
- the thinnest individual readings are evaluated per section 6.2: This is conservative since no credit -
' is taken for the surroundmg thicker matenal .around the thinnest reading (see assumptron 4 3) o

7131Areas353nd12 . : -
. Table 1-3 show that the resultmg “EvaJuatron Thjckness” of areas 3 5 and 12 are c'reater than '
B 1 X 736 mchfs and are therefore acceptable ' . _ _ o

7.1.3.2 Evaluatwn of Area 13 , o o : o

~ Refer to figure 1-6. Area 13 has a smgle readmg of 0.719". Thrs locatron is next to areas 4 - -
(0.7387), 5 (0. 680”), 9 (0.754), and 19 (0.856"). . The “Evaluation Thickness” of area 5 is
0.793" and therefore this location is acceptable. These five areas are bounded, bya23’ by 167

. area. Since five single points were determined by the inspectors to be the thinnest within this

area, the average of these individual readings is a conservative estimate of the average thickness

of the 16™ by 23" area (see assumptron 4, 3) The average of these ﬁve readmgs is 0.75 1>, whxch.'

is greater than 0. 736” ' . .

7133 Eval‘uaﬁon biAreas 1,2,6,7,11, and 21

Area 2 whrch has an mdrvrdua] readmg of 0.690", was combined with nerghbonng areas 7
(0.669), 11 (0.7117) and 21 (0.712”) (see figure I- -3). These four areas can be captured in a 147 .
- by 18" area that has an average thickness of 0.696”. The average thickness value for areas 2,. 7,
11, and 21 were then located in relatioriship to areas- 1, and 6 (see figure 1-3). Figure 1-4-and 1-5
show the profile of the 36” by 36" area. with the thickness of areas 1, and 6 and the average
'thlckness of areas 2,7,11 and 21 overlaid with a curve deprctmg the acceptance cntena

Frgure 1-4 shows the profile along the horrzontal axis and ﬁgure 1 5 show the preﬁle a]ong the
- vertical axis. The figures show that the average thrcknesses are greater than the cntena

OCLR00030698
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‘Please note that F]gure 1-4 does show that the two locally thin areas come close to the edges of
the 36” by 36™ acceptance criteria envelope. However sirice these areas are significant smaller
than the analyzed area and since the two areas are actually located at an azifnuth of the drywell .-
that sees less stress (7.1.3.4) the. approach to the envelope is JUdng to be mconsequentlal

: '7 1.34 Combmed Eﬁect of'[‘he 10 Areas on Buckhng

-, There are several conservatxve factors associated thb the size and the location of the locally thm_

 areas which cannot be quantified but are judged to be substantial in demonstrating that the
- measured thickness are adequate. These are described below

7 13.4.1 Refer to figure 1-7. The locally thin area for this bay ‘that is less than 0736 .
inches is located directly under the vent hne .

: The local bucldmg critéria (sectxon 6 2) is based ofi sensitivity stodies that placed a36”
_ by 36” Tocally thin grid on the area of the firiite element model that had the highest o
* buckling stressés. This area is located between the centerlines of the vent lifies (+66” to. —-
66 as shown in figure 1-2). Areas below the vents lines had less compressive stresses (-
36" to +36”). Therefore locally thin areas Tocated under a vent lines will have more
margin than the samie localls: thin areas located between the centerline of the vent lines,
Review of the original GE study (see appendix F) shows that stresses under the vent line
are at least 20% less then the strésses between the eenterline of the vent lines, Therefore
the necessary wall thickness to maintain the required safety factor for portions of the
vessel under the vent lines is substantiaily less (by at least 20%) than the calenlated
reqmred uniform. thxcknms of 0.736%. L -

71342 A second factor is the cumulatwe size of the tén Iocally thin areas, which is - -
significantly much smaller than the analyzed 36” by 36” aréa (see the figure in section |
6.2). The total volume of this 36” by 36” area when compared to the volume of a similar

-36” by 36” area with a uniform thJckness of 0.736” coxrespond toa reduoed volume of o
72. 0 cubic inehes.

. The cumulative volume of all ten locally thin- ateas is about 1. 7 CllblC mches (see the

table below)
Area Thinnes‘t reading | Equivalent volume loss of 2 ¥ inches diameter area
inside the area | with tluckness equal to thinnest readings (Columm 2)
(inches) ' when compared to a uniform thickness of 0,736 inches
_ | (Column 2) - (0. 736 Column 2)* 3. 142*(2.5/2)**2
© 1 0.710 0.128
2 - 0.680 - R 0.226
3 0.665 _ - -0.349
5 0680 | _ . K 0275
6, 0.731 : .- 0025
7 0.669 : 0329
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‘Area | Thmnest readmg Equivalent volume Joss of 2 ¥ inches diameter area
inside the area with thickiiess equal to thinnest readings (Column 2)-
(inches) . - ‘when compared to a uniform thickness of 0.736 mches
. | (Column'2) g (0 .736 —Column 2)* 3 142*(2.5/2)**2 :
1M1 0.711 .0.123
12, 0722, . . L - .0.069
13- 0719 a ' - .0.083.
21 . . 0712 . | . 0.118
- " Total - T T 1.723

Therefore the comparison of the “as found” volume reducuon which i is about 1723 cubic
inclies, to the “analyzed” volume reduction of 72 cubic inches 1eads to the oonclumon that’
the eﬂ'ect on the bucklmg load. factor is neghgxble ' :

In addmon since thé majonty of the vessel.i in this bay is thicker than 0. 736” the thlcker
areas will reinforce the locally thin areas. For example approxmxately 7210 square inches
of surface area in this bay (of a total of 9072 square inches)'is 800 mils or thicker (refer

' to figure 13-7), When compared to same surface area with a thickness of 0.736” thereis a_ -

~ total increase in volume of at least 460 cubic inches. (¢ .g 460 = (0. 8-0. 736)* 7210). Th]S

: addmonal volume will remforce the locally thm areas. '

71 4 Bay#1 General Wall Thickness Cmena (Bucklmg) .

QOutside the “Bathtub ng
‘Refer to figure 1-1 : .
Taking the average of the UT measured thlcknesses ofareas 6, 7, 8 9,16, 17, 18,19, 22 and. 23
gives a average thickness of 0.824 inches in 1992 and 0.802 mch&s 2006 for the shell below the
bathtub ring. ‘Based on this a conservative mean thickness of 0.802 inches, is estimated to
Tepresent. the evaluation thickness for this bay outside the bounds of the bathtub ring. Therefore it
. is concluded that these areas are acceptable based on the thickness exceeding the buckling de51gn
- thickness for the sandbed region of 0.736 inches using the resu]ts of Reference 3.3.

. 'i

-Above the bathtuh rmg the shell exhibxts 10 ‘corrosion since the original lead primer on the ventt
pdremfarcement plate is intact. Measurements 14 and 15 ¢onfirm that the thickness above the
bathtuh ring is at 1.154 inches. startmg at elevation, 11 OO" : :

In the “Bathtub ng . ' ' ' -
Areas 1,2,3,4,5,10,11, 12; 13 20, and 21 are conﬁned to the bathtub rmg as show in Figure
1-1 and 1-2. To detemune the genieral shell thickness in the bathtub ring area of this bay the
evaluation thicknesses. for each of the areas defined above are averaged together. An example of

a typical calculation of the general wall thickness deﬁned as the evaluabon thickness is presented
below for clanty . '

o 'An average value of the evaluatlon thmknesses presented in Table 1 3 for this band is'as follows;

OCLR00030700
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Area . Evah:atum Thrckness (1992) Evaluation Thrckness (2006)
11 0.737" 0.727”
2 -0.659" 0.633”
3 0.852° 0.812°
4* NA 0.738"%
5 0.823" 10.793”
10* NA | 0.8247*
11 '10.726" 0,723
12 - 0.825" 0.823”
Cp13F INA .0.719”*
20% NA - 0.912"*
21 0.737" 0.714»
- Average = 0.766" Average = 0.765"

* Note for area 4 10 13 an 20 the actual 2006 UT measurement were used since these areas‘
were not characterized in 1992,

Agaiti given that the a&erege evaluation thickness of the shell in the bathtub nng area exceeds the
bucklmg design thickness of 0. 736 inches the shell area w1th1n the bathtub ring is also acceptable '
using the results of Reference 3.3. '

. 7.1.5 Conclusion

Figure 1-7-illustrates representative areas and thicknesses in this bay as follows:

‘Area B —
Area C -
Area D-

. AreaE-

This is a 23" wide and 16” high area, which is at least 0.751" thick. This
thickness is based on the thickness of the Bathtub ng (refer 10 section

7.1.3.2).

thickness is based on the evaluation in section 7.1.3.3.

~ This is a36” by 36” area which is at 1_ca'st'o;696 inches thick. This -

The remammg areas of the Bay are 0.800 inches thick or greater. This
thickness i5 based on the evaluatlon in section 7.1.4.

' Thrs isa 11" wide by 18« hrgh area v’vbrch and is.at least 0.765 inches

thick. This thickness is based on the thickness of the Bathtub ring (refer to

section 7.1.4).

OCLR00030701




| Cale No.

Shéet No. :

Subject ' Rev. No.
__OLC. Drywell Ext. UTEvaluatmnmSandbed C-1302- ]37—5320-024 L2 270f183 ~
Ongmatur . Date Reviewed by Date
Peter Tamburro '

[y

* Therefore this bay meets the acceptance cntena based on the followmg

3/21/07

Tulién Abramovici-’

3] A]l mdmdual readmgs are greater than 0.490 inches.

2) Except for Area C, the entu‘e bay has ﬂnckness greater than 0. 736 inches.

3) Area C (which is lumted to an area of 36” by 36”) meets the acceptance criteria m

_ section 6.2.
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s BAY# DATA

1. All “Location” meisurements' from Intersection
_ ofthe DW shell end vent collar fillet welds.,

~ 2. Pitdepls are average of four veadings taken st
- 0/45°/90°/135° within 1" band surrounding ground
- apots. Only measured whers remaining wall thk.
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15 B&*W{’ub. 7 o
pepe I/ T W

EETA A O N AR e AT
StasaNasaseiadd’s
Seadaby

;ﬁg W.P's o A
AR gAY A TR
h‘?ﬁgﬂﬁigﬁ&k R :._g»g,_g_l}ﬁq-'o P

€.

OCLR00030703




Figure 1-2 o C-1302-187-5320-024

ay'ﬂ 2006 , ' Rev2 Page 29
Spatsa! Reiatsonsmp Of Locally Thin m’eas

Center Line Of Vent Line +13"

Inches . e r—— : S .. : SUSR—— |
72 .60 48 <36 24 12 % 12 22 4 48 60 72 &
-6 - ' -
A
Bathtub Ring A
\ RER A
- - 1 g M e
§ a Y B By This 36" by36"
I o - area evaluated
g 36- 4~ InFigures 1-3,
o _ A - 1-4and 1-5
t : |
,. 4 b @ .
\ -42
These readings areevaluated in . | _ AR -
f_igu_re 1-8 ) . T A
S

Area madeled

In GE Study Squares are less than 0.736" f\reégE.n;d:led

(Ret.35) . Triangles are greater then 0.736" plraiinnd

(Ref. 3.5)
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Profile on Flgure 1-4

C-1302-167-5320-024
Rev 2, Page 30

- |Figure 1-3 | - | . | o o : o
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- Evaluation Thickness

| Inches o -

| 0 . T T 7T ] - : -+ T T ~

D 0 Average of these.foﬁr-n 15 : 20 25 30 35 40

-10 - areas: spread out over '

. 14" by 18" area ls qu mi.ls.

.20 - e S so0Mils i 1e ,;
® 4l B B 710 Mils E” '
£ 30 - ' 712?:\nn | o : €
2 o G S
- . - - ) 3

=40 - - - 636 Mil Boundary o
' | : ‘ 8697MIIs- | 73"--‘”"3
50 4 / . Tﬂ




| Figure 1-4

Bay | Honzontal Profile
(Evaluatlon Thlckness versus Local Bucklmg Cmena)

900

Lopat_!_oﬁa 2, 7, 11 and 21
average 696 mils overa |
- |7" by 4" area

: o Location 6 | - -
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Figure 1-5
. o Bay‘l Vemcai Pmﬁle -

(Evaluation Thickness versus Local Buckhng Criteria)

L.ocatlons 2,7, 11 and 21
average 696 mils over ay
7" by 4" area

900 -

@ "‘ocaﬂons. ' '- | / K |

. 731 Miils __ o B
5 800 : : — L72-7't;n n; .

= | _-

3 700 - — .
@

-

© 600
= _

170 R — )
-60  -50  -40 30 . -20 -10 0

Verictial Inches

[===636 Criteria, ~#—1 —— Average2,7,11,and21 —=6)

C-1302-187-6320-024

" - Rev2, Page32




80.0£0004130

ihchés:

_ Fi-g_urel 16

~ Bay1locations 5and 13
‘Evaluation Thickness

T =7
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Figure 1-7 - : g - ' ; ; .
o L Bay .E: 2@@6 SR Eo&om‘Vef;: Lgne
C-1 -187-63/ . Pentration Pad.

Rz s Representative Thnckenesses

Center Llne of Vent Line +13° e F

54 72 60 48 -gs 28 a2 j’ - 12 24 55 '418.'-'-' . _72'--:::

E) This Is.a 18" high (¥ 6 This corner is at
direction) by 17" wide (X ' X=-7"and Y =-13.
direction) area and haa a ; .

§ and¥Y =22,

representative thickness. of @"‘". Edge of 72" vent
g This cgrﬁer
K o Is at X= 47"
(3
£

[C) This 35" by 36" aren has
& represantative

B) This is a 23" wide (X direction)
and 16"high (Y direction) area and '
has a representative thickness of .
0.751°. l
]

D) Remaining area outside the
: " three boxes is 0.800" thick or
: _ greater

Edge of 72" vent
lines

=a . A

AllX nnd Y dimenslons are referenced t‘mm 13 inches: to the nght of centerfiae of the.
vent line (X direction) and the bottom of the Penetration Reinforcement Pad Y dunenswn)
Reference NDE Dnta sheets 92-072-12 page lof2 and 1R21LR-022 page 2 of 2, '
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73 UT EVALUATION BAY #3 SUMMARY ' o L
The outside surface of this bay is rough; similar to hay one, full of dxmples comparable to the._ .
outside surface of golf ball (references 3.6). This observation was made by the inspéctor 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 shel} beyond the band exhibits no corrosion
where the ongmal red lead prirner is still mtact -

73.1 Local Readmﬂs Less Than The Umform Cnterla

) E1ght areas were. selected 1o represent the thinnest areas based on the vrsual observations of the - . '
_ shell surface (Table 3-1 and Fig. 3-1).- These areas are a deliberate aftempt to produce a = =
.. minimum measurement. Table 3-1 shows measuréments’ taken to méasure 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. Therefore, the umform cmena is met throughout the bay and it is -
'concluded that the bay is acceptable S .

OCLR00030710
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These areas and theu 1ocat10n are shown on ﬁgure 3-2.

Table 31 Bav #3 Thmnest UT Data

i 0.795 - 0.795

2 1.000 1 o9

3 o857 . | 0850

4 0898 . 0.903

5 0823 | 0819

6 o968 . | esm

7 0.826 0816

' 0.780. 1 o
Average 0.3685 0865

-7.3.2 Bay #3 Very Local Wall Tluckness Evaluation (Pressure Only).

*All individual readings were greater than the acceptance cmena of 0.490", .The thmnest reading
was 0. 764” in area § recorded in 2006. :

733 Bay 3 Local Wa[l Thxckness Evaluation (Local Bucklmg)
The results indicate that all of the areas have thickness greater than the 0. 736 mches Therefore
the uniform criteria is met mroughout the bay and the use of the local wal] thickness criteria for

bucklmg is not reqm:ed

'7.3.4 Bay 3 General Wall Thicknéss Cntena (Bucldmg)
The UT measurements presented in Table 3-1 equal an average of 0.868 mches in 1992 and
0.865” in 1992. Therefore, it is concluded that the bay is acceptable based on the bay evaluation

thickness exceeding the buckhng desxgn t}nckness for the sandbed region of 0.736 mches using
results of reference 3.3.
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7.3:5 Conclusion -

It is concluded that Bay 3 is acceptable since all mdmdual UT readmgs in 1992 and 2006 were

- greater than the uniform acceptance cntena

Figure 3-2 illustrates the representatwe thmknesscx in thxs bay, wh;ch is 0. 865 mches or greater

(refer to section 7.3 4)
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o Bm#s DATA
N@TES

1Al -'Loéaﬁori‘-' rﬁeésummena from Intersection
_ot the DW shell and vent collar fille? welds.

'&:

gegrﬁa

FIGURE (3) .
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!

Squares are less than 0.736"
‘Trlangles ars grester then 0.736"

. Figurg._3-2 : , Bay 3 20@5 :
Spatlal Reﬂatmnsmp Of mcaﬁﬂy “E“hm Areas
Inches : -
S ? o °F f R RS s . ] = yoscoes
44 -72 -60 -48 -36 24 -125 0 12 24 36 48 60 72 88
A &
- -18 4 A 4
A |
'E :
£ =30 -4
'- &
e a2
865 mils or greater

C-1302-187-5320-024
Rev2, Page39
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75 UT EVALUATK)N BAY 5 SUMMARY S ' o
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 dxmples comparable to the outside surface of a golf ball (references 3 6) This observation.
is made by the inspector who located the thinnest areas for the UT examination. The shell .
appears to be relatively unifori in thickness: Eight areas were selected to represent the thinnest
areas based on the visual observations of the shell surface (see Fig. 5-1). These areas are a
. deliberate attempt to produce a minimum measurement. Table 5-1 shows these thickness values.
The results indicate that a]l of the areas have thickness greater than the 0.736 inches. -

75.1 Local Readmgs Less Than The Umform Crltena

' The individual thmnest UT measurements “for locally thin areas are presented in Tab]e 5-1. All
1992 and 2006 reading were greater than 0736 inches. Therefore, the uniform criteria is met
throughout the bay and itis concluded that the bay is acceptable.

These areas and their loeatmn- are--'shqwn. on figure 5-2.

Tabic 5-1 Bay # 5 Thinneést UT Data

: o 5%

3 1.020 0989 .

4 0910 Nt

5 0.890 - | s

6 1060 0.981

7 09% 0574

8 1,010 170_07
Average _ 0.986 - : ) 0.960

7.5.2 Bay #5 Very Local Wall Thickness Evaluation (Préssure Only) |
"+ All individual readings were greater than the acceptance criteria of 0.490”. The thmnest readmg
was 0 880” in area 5 recorded 2006. . . '

753 Bay 5 Local w all'Thickness Evaluation (Local Buckling)

OCLRQ0030715
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“The results 1nd1cate that all of the areas have thlckness greater than the 0. 736 inches. Therefore :
the uniform criteria is met throughout the bay and thc use of the local wall thickness criteria for '
bucklmg is not reqmred : :

754 Bay #5 General Wall Tluckness Cntena (Bucklmg) S '
The UT measurements presented in Table 5-1 equal an average of 0. 986 inches in 1992 and
0.960” in 2006. . Therefore, it is concluded that the bay js acceptable based on the bay evatuation -

- thickness exceeding the buckling desxgn thickness for the sandbed region of 0.736 mches usmg
results of Referem:e 3.3. '

75.5 Concluswn :

‘Tt is concluded that Bay 5is acceptable since all md1v1dual UT readmgs in 199” and 2006 were
grcater than the umfonn acceptance criteria.

. -Flgure 52 ﬂlustmtes the representatwe tlncknesses n thrs bay, whlch is 0. 960 inches or greater -
" (zefér to sechon 7.5: 4) : .

OCLR00030716
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memst BAY #5 DATA

 NOTES:

of C/L of vent lube, Therefore - all measurements
-wiere taken from a line drawn on shel! which approx -
* colncide with vent tube C/L.

%—1

% 9.
i
; %{E‘é

G
72

1. In this bay DW shell fouti) weld Is.about 8" ta the right

FIGURE (5)
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- jFigure 5-2

Bay 5 2006

Spatlai Reiataonshap of Locai‘ly Thin Areas

4

Inches

Inches | |
1. o o t r ; aP : i SRR oy ‘.., = R . )
-72 -60 -48 -36 -24 -126 0 12 24 36 48 60 72 g
-18 -
The average fof the : __
- entlre bay is _ -30 -
_ 969 mils oy greater o '
' SR & A&
42 - ad " A
A A : | A
<5l

Squares are less than 0.736"
Trlanglgs are greater then 0.736"

C-1302-187-5320-024

Rev.2 Page 43
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7.7 UT EVALUATION BAY 7 SUMMARY

“The observation of the drywell surface for this bay showed uniform dxmpies in the corroded area,
but they are shallow compared tg those in bay 1. The bathtub ring seen in the other bays was not
very prominent in this bay (references 3.6). 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 areas were selected to ‘represent “the, thinnest areas based on the visual

_ observations of the shell surface (Fig. 7-1). ‘These areas.are a deliberate attempt to produce &,
' xmmmum measurement. Table 7-] presents thee values.

.7 ’7 1 Bdy #7 Local Readings Less Than The Umform Criteria
"~ The mdmdual thinriest UT measurements for Iocally thm areas are presented in Table 7-1. All - |
- 1992 and 2006 readings are greater than 0.736 inches. Therefore, the uniform- cntena is met
thioughout the bay and it is concluded that the bay is acceptable. - :

These areés and 't_hexr_ lo'cat-mn are shqwn on figure 7—2_.

Table 7-1 Bay # 7 Thinnest UT Data

T 0920 . - . - NA

2 1016 NA
3 0954 | 0956
4 ' 1040 .. __Na
5 1.030 S ST 4
6 1045 . Lo
7 . 1000 1.002¢
Average . . 1.000 ‘ 0.995

*. Thesé wére the thinnest documented feadfngs on the 2006 data sheet.

7.7.2. Bay #7 Very Local Wall Tlnckness Evaluation (Pressure Only)

~All individual readings were greater than the acceptancc cntena of 0.490”. The thinnest readmg
was in area 1, was 0.920 inches in 1992, '

7.3 Bay 7 Local Wall Thickness Evaluation (Local Buckhng)
The results indicate that all of the areas have thickness greater than the-0. 736 inches: Therefore

the uniformt criteria is met throughout the bay and the use of the local wall thickness cntena for
" buckling is not required.

OCLR00030719
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7.7.4 Bay #7 ‘General Wall Thlckness Criteria (Buck]mg) o .
The UT measurements presented in Table 5-1 equal an average of 1.000 inches in- 1992 and -
0.995” in 2006. Therefore, it is concluded that the bay is acceptable based on the bay evaluation -
thickness exceeding the bucklmg desxgn thickness for the sandbed reglon of 0.736 mches using

- results of Refcrence 3.3.

7.7.5 Conclusion

It is concluded that Bay 7 is acceptable sifnce all mdmdual UT. readmgs in. 1992 and 2006 were

greater than the umform acceptance cntena.

Figire 7-2 illustrates the representatwe thjcknesses in thls bay, whlch is 0.995 inches or greater_.

(refer to section 7.5.4).
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o BARORA
"'.IJNOTES:'"-_.". o

1. Al :ﬁéhéuretﬁents from thointersection of DW
shell {butl) and vent collar (fillet) welds. -

et bR
A Oy aatr fy 30.‘ ??,.
SRR

a0 e 4 ",b A v
B4R <¢¢?3?ﬂ.:a$a’hﬁiﬂb&m@a?9g

'FIGURE (7) -
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Figure 7-2

| . Bay 7 2006 -
Spatnal Reiatmnshap Of Lacaiﬂy Thm Areas

Inches _
-54 ~72 -850 _ -48 -36 -24 -12 5 $ 12 24 36 48 80 72 '
& & 3
-18 -
a8 A R A
7]
Q
£ S
T The average for the
£ entire bayis : -30 al
995 mlls or greater : '
-42 -
h e
. Squares are less than 0.736" o _ C-1302-187-5320-024
Trlanglas are greater then 0.736" ’ Rev. 2, Page 47
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7.9UT EVA.LUATION BAY #9 SUMMARY

The observation of the drywell shell for this bay was very sum}ar to bay 7 except that the bathtub
ring was more evident in this bay (references 3.6). The shell appears to be relatively uniform in
thickness except for a bathitub ring 6 to @ 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 areas were selected to represent the thinnest
areas based on the visual observations of the shell surface (Fig. 9-1). These areas are a deliberate
attempt to produce a minimum measurement, ‘Table 9 1 shows readmgs taken to measure the
thmnest thicknesses of the drywell shell. : - '

7.9. 1 Bay #9 Local Readmgs Less Than The Umform Cntena e L ' B
‘The individual thinnest' UT- measurements are presented in’ Table 9-1. AH 1992 and 2006 -
readings are greater than 0.736 inches. Ttietefore; the umform cntena is met throughout the bay

and it is ooncluded that the bay is acceptable

’I'hese areas and their 10capon are shown on ﬁgurg- 9-2.

. Table 9-1 Bay # 9"Th'im:llest' UT Data

1 0.968
2. 0.934
3 '0.989
4 . 1.016
5 0.964
6 . 0.802
7 0.820
8 0781
9 _ - 0.823
10 .- 0980 - 0.955
Ave:"'age 1 0.915 I . 0.905

7.9.2 Bay #7 V ery Local Wall Tluckness Evaluatlon (Pressure Only)
All individual readings were greater than the acceptance criteria of 0.490”. The thmn&et readmg
was in area 8, was 0 781 mches in 2006.
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7.9.3 Bay 7 Local Wall Thickness Evaluation (Local Buckling)- : ' }
The results indicate that all of the-areas have thickness" greater than the 0. 736 mches. 'I'herefore -
the uniform criteria is met throughout the bay and the use of tne local wall thlckness criteria for -

' .;.bucklmgrs ot requ:rgd

794 Bay #7 General Wall Tlnckness Criteria (Bucklmg} ' =

The UT measurements presented in Table 9-1 equal an’ average of 0, 915 inches in 1992 and '

~ 0.905” in 2006. Therefore, it is concluded that the bay is acceptable based on the bay evaluation
thickness exceedmg the buckling. desrgn thickness for the sandbed regxon of 0.736 mches uslng o

results of Referencc 3.3. . : L _

" 7 9.5 Conclnsxon

 Itis concluded that Bay 9 is acceptable since all mdmdual Ut readmgs in 1992 and 2006 were
greatcr than the umfonn acceptancc cntena :

Figure 9-2 111ush*ates the repr@entanve thrclcnesses in thrs bay, whrch is 0.905 mches or greater :
(refer to section 7.9. 4)
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| et BAY #9 DATA
NOTES:
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Fi‘gu'lt'e g-2
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' .11 UT EVALUATION BAY #11 SUMMARY .

The outside surface of this bay is rough, similar to bay 1, full of uniform dimpies 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 nght corner. of Fi igure 11-1, located at about 10to 12 mch&s below the
vent pipe reinforcement plate:

: 7 11.1 Bay #11 Local Readings Less Than The Uniform Cntena

. Elght areas were selected to represent the thinnest locai areas bascd on the v1sua1 observations of

the shell surface (Fig. 11-1). These areas are 2 deliberate attempt to produce a minimum. -
- measurement (references 3.6). Table 11-1 shows readmgs taken to measure the thicknesses of -
_the. drywell shell. . Area 1 as shown in Table 11-1, has a readmg less than-0.736 inches.
Inspector observanons indicate that this area was. very deep and not more than 1 to 2 inches in
Hameter. The depth of area relative td its immediate surrounds was measured at 4 Iocatxons N
round the spot and the avarage is shown in Table 1 1-2.

These areas and thexr locatmn are shown ¢ on ﬁgure 1 1-2 Thc ﬁgure presents the areas with
rcadmgs less than 0. 736 mches as squarm and areas with readings over 0. 736 iriches as friangles.

Table 11-1 Bay #11 Thmnest uT Data

2 0.770 - . 0760
3 0832 | 0830
4 D755 . 0.751 .
5 0.831 | . 0823
6 0800 | 0756
7 0.831 i 0.817
.8 . 0815 | 0.825
__Average | 0.792 0783

7.11.2 Bay #11Very anal Walk Thxcl\ness Evaluation (Pressure Only) o
All'individual readings were greater than the acceptance criteria of 0. 490” The thmnest readmo
- was in area 1, was 0.700 inches ini 2006 :

7113 Bay 11 Local Wall Thlclmess Evaluahon (Local Bucklmg)

One area (area 1) shown in Table 11- 1 had a individual measurement below 0.736 mches 1992
and in 2006. Therefore the depth ‘measurements were performed in 1992 (Table 11-2). The
- cajculated “Evaluation TthknCSS” for both the 1992 and 2006 are greater than 0.736” and
therefore meet the acceptance criteria.
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The calculation of {hé-aVeljage-'depth for Bay 11, Area 1 is a_s'-.fbﬂows:.

_ Table 112 Sumina'g of Méasurgmehts' Below 0.736 Inches

_Acceptable’

7.11.4 Bay #11 General Wall Thlckness Criteria (Bnckhng) o
" The UT measurements presented in Table 11-1 equal an average of 0.792 mches in 1992 and -
" 0,783 in 2006.- Therefore, it is concluded that the bay is acceptable based on the bay evaluation
“thickness exceeding the bucklmg deslgn thickness for the sandbed regxun of 0. 736 inches usmg :

' resu]ts of Reference 3.3.

7 11:5 Coneclusion

It is conicluded that Bay 11 is acceptable sifice all but one mdxvxdual UT readmgs in 1992 and
2006. were greater than the uniform acceptance criteria. The calculated “Evaluation thickness” of.
the one reruammg area is grcater than thcn 0. 763” criteria

Fxgurc 112 xllustmtes the representaﬂve thxcknesses in thxs bay, whichis 0 7 83 mches or greate:_

(refer to sectlon 7 11:4).
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7.13 EVAL‘UATION OF BAY #13 SUMMARY

The ontside surface of this bay is rough and full of dimples smxlar to bay 1. This observatzon was

~ made by the inspector who located the. thinnest areas thereby biasing the remaining wall'
measurements to the conservative side (references 3.6). . This inspection focused on the thinnest

- areas, even if very local.” 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 carrosion since the original lead primer on the vent plpe/remforcement plate is intact. -

Measurement 20 corifirms that the thickness above the bathtub ring is at 1.154 inches. Outside the h

bathtub ring the shell appears to be fairly umform in ihxckness where no abmpt changes i in thickness . -~

are present.

7’._-13.1 Local Readin‘gs'Legs Than The Uniform Crite‘i-i'g

_ The table below provides individual UT readings for 1992 and 2006. These readings are the thinnest
-~ single reading within each locally thin area. All rensings are corifined to areas less than 2%4” inches
. in diaineter. Shaded readings are less than the uniform criteria of 0.736 inches and must be
evaluated. The 1992 individual UT readings for areas 6, 10, 11, 14, and.19 were less than the
correspondmg 2006 values, Forail other area the 2006 value were less than the 1992 values. These
areas and their location are shown on figure 13-2. The figure presents the areas with readings less
than 0.736 inches as squares and areas with readings over 0.736 inches as triangles. .. _

1

Tabie 13-1 Bay # 13 Thinest UT Data~

/1A
212A
3
4
5/5A
6/6A
7/7A.
8/8A
9 .
10/10A
1/11A
12
13
14
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16 0.829 - 0.814 -
17 0.807 - NA
18 0.825 NA
19 0.912 0.916
_20 1.170 _NA
-Average 0.810 0.786°

*In 1992 two UT measurements were performed on these locations. The first was the thinnest _{
rﬂadmg within the location and the second was intended to provxde a va}ue for thickness of the -
_1mmed1ate area surroundmg the thinnest pomt : :

7.13. 2 Bay #1: Very Local Wall Thlckness Evaluatxon (Pressure Only)
The table shows that all readmgs are greater than the criteria of 0 490” The thmnmt readmg was in
area 7, was 0 602 mches in 2006 .

7. 13.3 Bay 13 Locai Wall Tlnckness Evaluatmn (Local Bucklmg)

Nine areas shown in Table 13 1- have mdlwdual measurements below 0.736 mches in 199’) Six
areas shown in Table 13-1 have individual measurernents below 0. 736 mches in 2006 Figitre 13-2.
_shows the areas of these areas. . N

: Inspector observations indicate that these areas were not more than 1 fo 2 inches"ixi'diameter The
“individual thickness values in Table 13-1 are the thifnest individual readings found in these areas. -
..For purposes of this calculauon all these areas will be considered to be 2% in dzametcr

Tn 1992 for areas 1,2, 5, 6, 7; 8, 10 11, and 15 the measured thmnest UT reading was less than_'-
0.736”. Therefore micrometer depth measurements were performed on these areas to better
characterize the thickness of surrounding area. ‘At each location, micrometer readings were taken at .
the 0, 45, 90; and 135 degree onentanon The followmg table. prowdm'. a surnmary of the depths- in
each azimuth.

Table 13-2 Bay 13 AVG Micrometer Calculations

1 0.330” 0.382” 0.346” 0.346” 0351”7
2 0.312” 0377 0.360” - 0.393” 0.360"
5 0.150” 0.193" 0.230” . 0.298” . 0.217

6 0.327" . 0.339" 0.290” 0.247" 0.30]" .
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0241 0.279* 0.260” . . 0.239” 0255

_____ 8 10,3247 - 0.245" 0.262” 0.279” 0.278” -
10 - 0.186” C 0173 0.255™ 0.229” 0211
11 0.240" 02317 0.271” . -(.283" 0.256
15 0.288™ 0.277" 0.239” 10.288” 0.273”

Table 13-3 provxdes (per section 6. 4) the “Evaluatxon Thickness” at thc locally thm areas. Based on
the 2006 data, areas 6, 8, 10 and 15 are greater than the uniform acceptance criteria of 0.736™ and are -

therefore acceptable. Areas | and 2 were not found in 2006. However the 1992 “Evaluation - -

- . Thicknesses” for these two areas are mgmﬁcantly Iarger than 0. 736”

'Shaded areas (5 7, and-11) have r&sultmg eva}uatxon thicknesses less than the umform acceptance
criteria of 0.736” aid must be evaluated in further detail. The 2006 “Evaluation Thicknesses™ of all
three areas are less than the 1992 values. Therefore only the 2006 “Evaluation Thxcknesses” wﬂl be .
addressed in the remamder of this sectlon : '

Table 13-3 Summary of Measorements Below 0.736 Inches

) 0672 035" 02007 0823" _ Na L1133

2 op | NA o360 1T o2e0m 0882° NA 7133

5 0.718" 0.708 ouT 6300 . omsr | 0735 11333

5. . 0655" 0.658 0.301° 02007 0.756" 075 | 7133

7 0618 0602 055", _o200" | o613 0657 | 71332 |
8 078" 0.704 0.278” 0200" or96> |- 0782 71332

10 0.728” 0.741 o2 | . 02007 ome | 0752 7133

11 - 0685 0.699 0256 - 0.200" _ o4y | 07 71332

15§ oess 0.666 027y o156 § 073 7133

0.200"

7. 13.3 1 Evaluatlon of Area § ' ' '
-Refer to figure 13-6. Area 5 has a single readmg of 0.708” in '7006 Th.lS area is next to areas 10
- (0.7417) and. 14 (0.870”). These three areas are bounded by a 8" by 12” area. Since these single

points were determined by the inspectors to be the thinnest within this area, the average of these

- three th;cknesses isa conservatxve estimate of the average th:ckness of thc area (see assumption 4. 3).
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The average of these three readmg is 0. 773“ wluch 1s greater than 0,736™. Therefore area 5 meets
the 0.736” uniform criteria. ~ . , _

71332 Evaluanou ofAreas 7,8, and 11 .

- Areas7, 8 and 11 were evaluated together ina smgle 12" by 12” area (see ﬁgure 13-2 and 13- 3) and '
compared to the local bucklmg criteria established in section 6.2.

Area 7 has a single reading of 0.602” that is less than 0. 636” {the tlnckness criteria for the 127 by
12" area). This area was combined with areas 8 (0.704™) and 11 (0. 669™). These three areas are -
bounded by a 12” by 12" area. Since these single points were determined by the inspectors to be the
thinnest within this area, the average of these three thicknesses is a conservative ‘estimate of the
average tluckness of the 12” by 12" area (see assumption 4.3). ‘The average of these three readings

- is 0.658%, which is greater than local buckling criteria of 0.636”, Therefore areas 7, 8 and 11 meet -

- the local buckling criteria. Figure 13-4 and 13-5 show the profile of the 36” by 36” area with average
of 7 8 and 1! mlmmum thickness-overlaid on the curve deprctmg the acceptance criteria. :

_F 1gure 13-4 shows the proﬁle along the honzontal axis and ﬁgure 13-5 shows the proﬁle along the
vemcal axrs : : _ : S .

7.13.3.3 Combined Effect of Locally Thm Areas oa Bucklmg o
"There ‘are several conservative factors. associated with the size arid the location of the locally thm_ :
areas which cannot be quan’uﬁed but are judged to be substantnal in demonstratmg that the measured
 thickness.are adequate These are described below. : '

- 7.133.3.1 Refer to ﬂgure 13-7 The locally tlun area for this bay that is less than 0.737 mches .
s loeated directly under the vent line. . _

The loca] bucklmg criteria (sechou 6. 2) 1s based on sensmvrty stodies that placed a 36” by '
36 locally thin gnd on the area of the finite element mode] that bad the highest buckling
.. Sesses. This area is located betweenthe centerlines of the vent lines (+66” to ~66' as shown
" in figure 13-2). Areas below the vents lines had less compressive stresses (-36” to- +36”) .
"Therefore locally thin areas located under a vent lines will have: miore margin than the same
" locally thin areas located between the centerline of the vent lines. Review of the driginal GE
study: (se€. appendix F) shows that stresses under the vent line are at least 20% less then the
stresses between the centerliné of the vent line. Therefore the nécessary wall thickness to
maintaini the required safety factor for portions of the vessel under the vent lines is
substantrally less (by at least 20%) than the calculated requued umform thlcknws of 0. 736“

7 133.3 2 A second” factor is the cumulanve size of the nine locally thm areas, ‘which is
significantly mirch smaller than the analyzed 36” by 36” area (see the figure in section 6. 2).
The total volume of this 36” by. 36” aréa when compared to the volume of a similar 36” by
36” area with a uniform tlnclmess of 0.736” correspond to a reduced volume of 72.0 cubic
inches. : _

The cumulatwe volume of all nine (in. 1992) locally thin areas is less than 2.086 cubic inches
(see the table below)
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Table 13-4
Area | Thinnest. reading | Equivalent volume loss of 2% inches diameter area .
inside the area  |vith thickmess equail to thinnest readings (Column 2) _
_ (mchés) vhen compared to a uniform thickness of 0.736 inches |
. (Column 2) 0. 736 Column 2)* 3. 142*(2 5/2)**2 i
1. 0.672 0314
2 0.722 ' 0.069
5 0.718 - 0.088
6~ 0.655 1 0.398
7 1. 0618 0579
g§ | - 0m8 - 0.088
10 _ 0728 7 0.039
11 4 ¢ 685 0.250
15 _ 0.683 0.260
' Total - ' 2.086

Therefare the comparison of the “as found” volime reduction which is less than 2.086 cubic.
inches to the “analyzed” volume reductlon of 72 cubic inches leads to the conclusion that the
-effect on the bucklmg load factor is neghgzble ' :

In addition since the maJonty of the vessel in this bay is thicker than 0. 736” the thicker areas
will reinforce the locally thin areas. For example apprommately 7730 square inches of
- surface area in this bay ‘(of a total of 9072 square inches) is 800 mils or thicker (refer to
- figure 13-7) When compared to samg surface area with a thickness of 0.736 there is a total

.increase in volume of at least 495 cubic inches. (¢ .g 495 =

addmona] volume will remforce the locally thin areas.

I

7.13.4 Bay #13'General-wan Thiclmess Criteria '(Buciding) :

Outside the “Bathtub Ring”

(o 8-0. 736)"‘ 7730). This

Refer to figure 13-1 Measurement 20 confirms that the &uckness 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 thxclmess are present. .

Takjng the averag'e of the UT measured thicknesses of areas 3, 4, 9, 12, 13, 16, 17,18, and 19 gives
_a average thickness of 0.824 inches in 1992 and 0.802 inches 2006 for the shell below the bathtub

ring, Therefore it is concluded that these areas are acceptable based on the thicknéss exceeding the

buckling design thickness for the sandbed region of 0.736 inches using the results of Reference 3.3.
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n the “Bathtub Rlng

| AreasS 6,78, 10 11, 14, and 15 areconﬁned to- thebathtub nugas shown mFxgure 13 1 and 13— N
2. To detenmne the general shell thickness in the bathtub ring’ area. of thxs bay the evaluation "

thicknesses for each of the areas deﬁned above are averaged together

‘An average value of the evaluatmn thxcl_cnesses présented in thxs band is as follows.

Average = 0. 758" '

Table13-5° _

Area 1992 Evaluation Tluckness 2006 Evaluanon Thickness | -
5 .. 0.735” 0.725” :
6 0.756” . 0.759”

7 . 0.673” _ 0.657.
8. - 0.796" 0.7827

10 0.739” ' 0.752”

R C0.741 2,725

14 i - D.868”  0870"

15 i 0,756 0.739"

' Average = 0,751

The table shows. an average evaluauOn thickness of greater than 0.758 mches in 1992 and greater )
than 0.751 inches in 2006 for the bathtub ring,. These results are based i on UT readings and average - .
micrometer readings for only the thinnest area. UT readings and micrometer readings were generally

~ not taken for the remainder of the shell, which" were greater than 0.736 mches In reahty, the

' remmnder of the shell is- much thxcker than the above results : _

Again given that the. average evaluatien thickness of the shell in the bathtub nng area exceeds the
bucklmg design thickness of 0.736 inches the shell area within the bathtub nng is also acceptable
, usmg the results of Reference 3. 3. . -

7. 13.5 Conclusmn .

. Fzgure 13 7 ﬂ]ustrates representanve areas and t}ncknesses in th15 bay as follows:

: A:eaB'—

AreaC--

This is 2 18" high by 60 inches wide area, which is at least 0.751" thick. This
thickness is based on the thlckness of the Bathtub' ring (refer to sectlon o
T:13.4). o

th:ckness is based on the evaluatwn in section 7.13.3. 2

. Thisis 2 12" by 12" area. (within area B) is at least 0. 658 mches thlck. TlLs
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. AreaD--  The rernaining areas of the Bayis 0.800 inches ’thCk of greater Tlus thxckness '

Therefore this bay meets the acceptance criteria based on the followmg

1s based on the evaluatxon in sechon 1134,

1) All individual readmgs are greater than 0.490 inches.-

' '2)-Except for Area C the entire bay has mickness greater than 0.736 inches.

6.2.

3) AreaC (Wthh is limited to an ared of 12°by 127) meets the acceptance criteria in sectlon
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Tt EAY #13 DATA

| _'NGTES

1. Al measurements from lntersecﬂon of the DW shell (buﬂ)

and vent collar (flilef) welds. -

2. Spots with suffix (a.g. IA or 2A} were lacated close to the
spolz in question and were ground carefully to remove -
mmimum amount of metal but adsquate enough for UT.

3. PHt deptha are sverage ‘of four readings taken st 0/45°(90°/135°
‘within 1" distance arounid ground spot. Takan only wbere
remalnlng wai! showed below 0. 736' :
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. Flgure 13-7

Bottom of Penetration
" Reinforcement Pad

s
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~ Bay 13- 2006
: _ Rev,2, Page 69

Locally Thin Areas
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-ﬂzx 72
{ Edge of 72" vent
lines '
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=-27and Y =-13 -

Inches.'

This corner is at
(=-26.and Y =-15

has a represantative
thickness of 0.658 m

All X and'Y dlmenélons are r

C) This 12 by'12" area

famsomee divection) and the.bottom of the Pengtration Reinforcement Pad (Y dimension).

60 72

Jm - 24

lines

B) Bathtub Ring 18"
“high (Y direction) by 60"
wide (X direction). with:
a representative -
thickness of 0.751 inches

D) All areas outside the

lis .

E B - - hoxes are 0.800" or greater
. _ e

i P

eferenced from the centerline of {i..: ront line X

Edge of 72" vent

-

Refe_rence NDE Data sheet 92-072-24 page 1 of 2 and 1LR-010 page 2 of 2.
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7.15UT E‘VALUATIONBAX 15 SUMMARY '
' The outside surface of this bay is rough, similar to bay 1, full of uniform dxmples comparable to
" the outside surface of golf ball. - The bathtub ring seen in the cther bays, was not veéry prominent
. in this bay (references-3.6). 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 primer is still intact. The shell appears to be- relahvely.
' umform in thxcknms .

" 7.15 1 Bay #15 Local Readmgs Less Than The Umrom Cntem

- Eleven areas weze selected to rcpresent the thmnest areas based on the visual observatioris of he

. shell surface (Fig. 15-1). Thes¢ arcas are a deliberate- attempt to produce’ a minimum
. measurement. Table 15-1 shows readings taken to measure the thinnest thicknesses ‘of the

. drywell shell. ’I‘he results indicate that all of the areas have thickuess greater than the 0.736°
inches, except one area in 1992 and another area in 2006 Inspector observations indicate that
these areas' were very deep and not more than 1 to 2 inches in diameter. . The depth of area

relative to its. immiediate surrounding was msaswﬂed at 4 azimuths around the spot and the
- average i$ showanable 15-1. _ _ :

These areas and theu' location are shown on ﬁgurc 15-2. The figure presents the areas with
- readings less than 0.736 mches as squares and areas with readings over 0. 736 inches as triangles.

Lble 15-1 Bay 15 Thmnest UT Data

eloo|lovju s wto e

10 1 0860

11 . 0.825
Average 0816

OCLR00030745
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7152 Bay #15 Very Local Wall Tlnckness Evalnatlon (Pressure Only) -
All individual readings were gteater than the acoeptance critedia of 0.490”. The thmnest readmg
wasm%l wasO7llmch&sm2006 _ _ P

7.15.3 Bay 15 Local Wall Thickness Evaluatimi_ (Local Buckling)

:' Tablell_'S-z Summary of Measurements Below 0,736 Inches

7. 15.3 1 Evaluatmn of Area® .

The: caiculated “Evaluation Thickness” of area 9 in 1992 and 2006 are greater than - 0736” :
Therefore this area meets the acceptance cntena. '

~ 7.15.3.2 Evaluation of Area !

“The individual thinnest reading for area 1 in 1992 was greater than 0.736”. Thmfure thxs area’

- was not characterized with a micrometer and depth measurements are not available. This. area
cannot be evaluated using the “Evaluation Thickness”. However the 2006 reading was less than
0.736”. Therefore area 1 wag evaluated agamst the local bucklmg cntena per section 6.2.

Avea 1 has a smgle tmdmg ofO 711" in 2006. This smgie pomt was determined by thcmspectors T
to be the thnmest within this area. Figure 15-3 plots area 1 and ail other recorded areas close by. -
'Flgure 15-3 overlays 2 36” by 36" area on thme locally thin areas. The center 12” by 12" of the "
area is overlald on top. of area. 1. '

“Figure 134 and 13-’5_shows the proﬁlé' of the 36” by 36” area with the a‘réa thiCRn@ss_bvcﬂaid' on
the curve depicting the acceptance criteria. Figure 13-4 shows the profile along the horizontal

axis and figure 13-5 shows the proﬁle along the vertical axis. These ﬁgures show that the local 3
buckling criteria is met.

7. 15.3.3 Combmed Effect. of Local!y Tlnn Areas on Bucklmg

‘There are several conservative factors associated with the size and the locauon of the locally ﬂ:an- '
~ areas which cannot be quantified but are judged to be substantial i m demonstranng that the

measuned thxckzms are adequate. These are descnbed below.

OCLROGC030746
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- 7.153.3.1 Refer to ﬁgure 15-7. The locally thin area for thrs bay that is less than 0. 736_
inches is located under the vent lme

“- Thelocal bucklmg criteria (sechon 6.2) is based on sensitivify studies that placed a 36”
by 36™ locally thin grid on the area.of the finite element model that had the highest
buckling stresses. This area is located between the centerlines of the vent lines (+66” to —
66 as shown in figure 15-2). Areas below the vents lines had less compressive stresses.
Therefore locally thin areas located under a vent lines will have more margin than the
same locally thin areas located between the centerline of the vent lines. Review of the

original GE study shows that stresses under the vent line are at least 20% less then the =

stresses between the centerline of the vent lines: Therefore the necessary wall thickness to
. maintain the required safety factor for portions of the vessel under the vent lines is:

substantially less’ (by at least 20%) than” the calculated required uniform thickness of
- Q. 736“

7.15.3.3. 2 A second factor is the cumulativ® size of the locally thm areas, whxch are‘ -
_ significantly much simaller than the analyzea 367 by 36” area (see the figure in section
" 6.2). The-total volume of this 36” by 36” area when compared to the volume of a similar .
36” by 36” area with.a umform thickness of 0.736” correspond toa reduced volume of =
72.0.cubic mches . . o

The cumulatxve volurne of two locally thin areas 1s 0219 cublc mches (see the- table"
below) , . _

Table 15-3

| Area ~Thmnest readmg Equivalent volume loss of 2 ¥ inches diameter area
(I inside the area - _jvith thickness equal to thinnest readings (Column 2) |
(inches) = |vhen compared to a uniform thickness of 0.736 inches |
| (Column 2) {0 .736 Column 2)* 3.142*(2.5/2)**2 i
SO S ¥ 2 § e 0183
9 | - 072 0085
~_Total L ... 0219

- . Therefore the companson of the “as found” volume reduction which is Iess than 0.219 |
cubic inches to the “analyzed volume reduction of 72 cubic iinches leads to” the
~ conclusion that the effect on the buckling load factor ig neghgible '

In addition since the majority of the vessel in this bay is thicker than 0.736”, thé thicker

areas will reinforce the locally thin areas. For example approximately 8925 square inches
of surface area in this bay (of a total of 9072 square inches) is 788 mils or thicker (refer- .
to figure 15- 7) When compared to same surface area with a thickness of 0.736” there is a
total increase in volume of at least 464 cubic inches. {e.g 464 = (O 788-0 736)* 8925).
This addrtlonal volume will remforce the locally thin areas.

OCLR00030747
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7.185. 4 Bay #15 General Waﬂ Tluckness Crltena (Buckhng)

'. The UT measurements presented in Table 15-1 equal an. average of 0 815 inches in 1992 and .~
0.788” in 2006. Therefore, it is concluded that the bay is acceptable based on the bay evaluation -
thickness exceeding the bucklmg desxgn thlckness for the sandbed regxon of 0 736 mches usmg

7. 15 5 Con’clus’ion

Fi 1gure }5-7 111ustrates representatzve axeas and thlcknesses in thls bay as follows

Ar-eaA-

. Area Dé'

: .Therefore this bay meets the acceptance critefia based on the followwg'

o results of Reference 3.3.

This i isa 12" h]gh by 12 inches \mde area, which is at least 0. 711" thxck .
Thxs thlckness is based on section 7.15.3. 2)

The femaining area of" the Bay is 0.788 w*hes t}uck or greater. This
thickness is based on: the evaluanon in sunon 7. 15 4. :

. 1) All individual readmgs are greater than 0 490 mches

" . 2) Except.for Area A, the entire bay has thickhess g‘reater'than 0.736 inches.

-3) Arca A (which is lumted to an area of 127 by 12") meets the acceptance criféria in

sectmn 6 2.

OCLR00030748
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Figure 152

1. C1302 187-5320-024

Bay 15 20()6

Spat|al Relatnonshnp Of Locally Thin Areas

Evaluated area

‘Rev. 2, Page75 . Areain15-3
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. . A & | -18 1 711 Mils -
o h a |
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9 : an .
B . 720 Mlls -30 4
| | |
T | -42 - |
Area Modeled ’% - ar::ehﬁgge!ed —
Inthe GE ‘ : : N o
. Squares are less than 0.736"

- Study (ref. 3.5)

‘Triangles are greater then 0.736"

~ Study (ref. 3.5)
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Figure15-3 .
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§Figure 15-6

| . oo : ; ay 15 2@@6 ‘ N Bm;tom:of-Penetration'
R READ | ) ) _ { . . s . Reinforcement Pad
o e Locallythin Areas T

Center Line Of Vent Line

-'44 72 -60 48 'E;— -24 12, 48 - 60 72
This corner is
_ X=+ 17 and Y=-8
Edge of 72" vent J _
lines - 18
m \E
1) _ - .
£ . .
o i 504 A12'by 12" sreathatls
& i ' 711 Mils
: . :
B ' Lo _
: : All area outstde box are 788
- E , ~ mils or greater
.42 4
B i 4—Edge of 72" vent
i B lines’
- 4 :

All X and Y dimensions are referenced from the ceaterline of the vent line (X
. direction) and the bottom of the Penetration Reinforcement Pad (Y dimension). -

Reference NDE Data sheet 92-072-21 page 1 of 1 and 1R2ILR-015 page 2 of 2
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7.17.1 UT' EVALUATION BAY #17 SUMMARY : '
The outside surface of this bay is rough, similar to bay 1, full of uniform dimples comparable to
the outside surface of golf ball (references 3.6). The shell appears to be relatively uniform in
thickness except for a'band 8 to 10 inches wide approxunaiely 6 inches below the vent header
. reinforcement plate.: The upper portion of the shell beyond the band exlnblts no corrosxon where
- the original red Iead pnmer is still intact. . :

7.17 1 Bay #17 Local Readings Less Than The Uniform Crltena .
Eleven areas were selected to represent the thinnest areas based on the visual observanons of the -
shell surface (Fig. 17-1). These areas are a :deliberate attempt to produce a minimum
measurement. Table 17-1 shows readings taken to measure. the ‘thinnest thxcknesses of the
drywell shell. - The results indicate that all of the areas have thickness greater than the 0.736 . -
inches, except one area. Area 9 as shown in Table 17-1, has a readmg below 0.736 inches.
Inspectors® observations indicate that this area is very deep and not more than 1 to 2 inches n -
diameter. The depth of area relative to its immedijate surroundings was measured at 4 areas '
around the spot and the average is shown in Table 17 1. S

“Table 17-1 shows that one area was less than 0. 736” in 1992 and anotber area in 2006. A]l other _
areas were greater then 0. 736” o

' 'I'_hese areas and-‘_thelr Iocatxon are shéWn on figure 17-2. The figure ._pfesents' the areas with-
readings less than 0.736 inches as squares and areas with readings over 0.736 inches as triangles. -

Table 17-1 Bay # 17 Thinnest UT Data

0916 | 0909

1
2 1.150 Rk
3 089% - 0.894
4 0.951 ] 0963
5. 0913 0.822
6 0992 ___-. 0909
7 0.970 I 0.970 -
8 . 099 10,960
9 e O 0.970
10 0830 | 0.844
11 0.770 " NA
Average . 0918 0.890

7.17.2 Bay #17 Very Local Wall Thickness Evaluation (Pressure Only)
- All individual readings were greater than the acceptance criteria of 0.490”. The thinnest reading.
“was in area 2, was 0.663 mches in 2006.

OCLRO00G30755
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7.17.3 Bay 17 Local Wall Thickness Evaluation (Local Buckling)

Table 17-2 Summary of Measuremen_ts Below 0.736 Inches

9 B 2 SR S X 0351". | 020" © g L (71731
2. 1.-1'50*" - 0.'653"’_ . A . 1. ; B 1_17,3,2'. 1
7. 17 3. 1Ares 9

 The caleulatéd “Evaluation Thxckness” of area 9 in :992 is ‘greater than 0.736”. Therefore this
area meéts the acceptance criteria. Since the 2006 UT -measuremen{ was much greater than the
1992 value a corresponding “Evaluation ThJcknes for 2006 was not con51dered and only the
1992 value used for the evaluation.

S 1‘7.32Are32

The 1992 vilue for area 1 is not consxdered credxble The basis for thxs statement is that the
. corresponding corrosion rate would have to be 35 mils per year for the 1992 value to be credible.
This amount.of corrosion would have been observed by the visual coating inspections. Especially -
since the corrosion byproducts which are between 5 to 10 times less dense than the carbon steel,
- would create a blister in the area which would be about 2 % in diameter. Howéver the “worst
case” evaluation was performed in reference 3,8 by applying a 35 mil per year rate on the
. thinnest reading found in 2006 (locition 7 and in bay 13 which is 602 mils). The evaluation
.. showed that that location would not corrodeto the less than the very local criteria (490 mil) pnor'
to the next cormmtted mspechon whxch is 2008.

The individual thinnest reading for area 2 in 1992 was greater than 0. 736" Therefore this area
was not characterized with a micrometer and depth measurements are not available. This areéa
cannot be evaluated using the “Evaluation Thickness”. Therefore area 2 will be evaluated agalnst
the local bucklmg criteria per secuon 6.2. -

Area 2 has a smgle readmg of 0. 663” ' 2006. This single pomt was detenmned by the inspectors
to be thie thinnest within this area. Figure 17-3 plots area 2 and all other close by areas recorded

~in 1992 and 2006: Figure 15-3 overlays a 36” by 36" area on these areas. The center 127 by 127
of he area is overlaid on top of area 2.

OCLR00030758
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Figure 17-4 and 17-5 shows the proﬂle of the 36” by 36" area with the smglc tluckness overlmd _
“on the curve depicting the acceptance criteria. Figure 17-4 shows the profile along the horizontal -
axis and figure 17-5 shows the proﬁle along the vemcal axis. These ﬁgures show that the local -

bucklmg criteria is met.-

71133 C'ombmed Efl’ect of Locally Thin Areas on Bucklmg
_ There are several conservative factors associated with the size and the location of the locally thin
. dreas which cannot be quantified but are judged to. be substantial ln demonstratmg that thc '

S measured thickness are adequate. These are descnbed below.

. 7‘1'7.3 3'"1 Refer to figurs 177, The locally thin area for this bay that is less than 0.736 -
" inches is not located between the centerline of the vent lines. The 12” by lZ” locally thm.-
area is locate appmxxmately at +20” to +56” of the verit lme

?-The local bucklmg cntena (section 6.2) is based on sensitivity studxes that placed a 36”
by 36” locally thin grid on the area of the finite element model that had the highest
buckling stresses. This area is located between the. centerlines of the ver® lines (166 to —
66 as shown in figure 17-2). Areas between +20” to +56” from the veats lines had Iess
compresswe stresses. Review -of the original GE study (see appendlx F) shows that
stresses in this region are at least 10% less then the stresses bétween the centerlinic of the
vent lines. Therefore the necessary wall thickness to maintain the required safety factor -

for portions of the vessel under the vént lines is less (by at least 10%) than the calculated
reqmrcd uniform thickness of 0. 736“ ' - o

717332A seoond factor is the cumilative size of the two locally thm ar@as, Wthh are’

significantly much smaller than the analyzed 36” by 36” arca (see the figure in'séction . - |

'~ 6.2). The total volume of this 36” by 36” area when compared to the volume of a similar

36” by 36 area with a uniform tl'uclmess of 0.736” correspond to a reduced- volume of
72.0 cubic mches ' =

- The cumulauve volume of two locally thm areas is less than 0 634 cubic mchcs (see the .
© table below) ‘ : : :

Area | Thinnest reading | Equivalent volume loss of 2 % inches diameter area
' inside the area  pith thickness equal to thinnest readings (Column 2) |
(inches) " hen compared to a uniform thickness of 0,736 inches
(Column 2) _{0:736 — Column 2)* 3.142%(2.5/2)**2 - '
2 0633 . 0549 -
9 0.720 ' _ . 0085
. Total 3 0.634

'l‘hérefore .the com;ﬁahson of the “as

s found” volume reduction which is less than 0, 634 cubic
inches to the “analyzed” volume reduction of 72 cubic inches leads to the conclusxon that the
" effect on the buckling load factor is negllgble

OCLR00030757



. Rewv. No. .

Sheet No.

Subject - Calc Ne. .
0.C.. Drywe]l Ext. UTEvaIuatlonm Sandbed -C-1302- 137—5320—024 2. §30f 183
Origipator _ Date - Reviewed by - ‘Date '
Peter Tamburro 3117 . Tlién Abfamoviti

In addlhon since: the majority of the vessel in this bay is. thlcker than 0. 736” the thlcker areas
will reinforce the lecally thin areas. For example approximately 7776 square inches of surface.
area in this bay (of a total of 9072 square inches) is 892 mils or thicker (refer to-figure 15-7).

. When cornpared to same surface area with a thickness of 0.736” there is a total increase in "
- volume of at least. 1210 cubic inches. (e .g - 1210 = (0 892-0; 736)* 7776). This additional

- volume will remforce the locally thin'aress; '

_ 7. 174 Bay #17 General Waﬂ Thxckness Cntena (Buckhng)

The UT measurements presented in Table 17 1 equal an average of 0.918 inches i m 1992 and |

0.892” in 2006, Therefore, it is concluded that the bay is acceptable based on the bay evaluation
‘thickness exceeding the bucklmg design. thlckness for the sandbed region of 0.736 mch&s using
_ results of Reference 3 3

7.17.5 Conclusion’

'Fxgure 17-7 111ustrates representahve areas and thxcknesses in this bay as follows -

: Area,.A-
- Area B -

Area C-

'Thefefore this .b'ay meets the acceptance cmena based on the fdllbwing:

The remammg area of the Bay is 0.892 inches thick or greater. Th;s
'thlckxlesg is based ori the evaluano_n in section 7. 1747

1) Al individual readings ar greater than 0.490 inches.

- 2) Except for Afca A, the entxre bhy has t'hickriess greater than 0.7 36 inches. _

- Thisis a 12" hxgh by 12 mches wide area, which is at Ieast O 663" ﬂnck.
' _Thls thxckness is based on section 7.17.3. 2)

| This isa 36" hlgh by 30 inches wide artea surroundmg area, which is at
least 0.850" thick. This t}uckness is based on sectmn 7 173.2.

3) Area A (which is hmxted to ap area of 127 by 12”) meets the acceptance criteria in

B sectxon62

OCLR00030758
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| ’.ay 17 2006
Spatlal Re!atlonshnp Of L@caiiy Thm Areas

Evaluated area -
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Figure 17-3 | f R T e
| Bay 17 Locations 1, 2, 6,7, 11 and 21
Evaluation Thickness
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_Figu,re 17-5

Bay 17 Vertical Profile -
(Evaluatlon Thickness versus Local Buck!mg @raterea}
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Figure 17-6

Bottom of Penetration
Reinforcement Pad

Bay 17 2006
Locally Thin Area

This corner is

X=+20and Y=+ 10

This corner is

- X=+ 32 and Y=-2
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inches

60

ga 72 60 48 %5 . 28 a2z r}v
. i 5.
éenter Line Of Vent Line: a E.
E -18 1
Edge of 72" vent '
lines
-30
_ g . Ay 2“ y 12" area that Is
g ' 663 Mils
. a
o ' i -4z - i
C) Remalning areas outside | ’ B) 36" by 36" area
boxes are 892 mils. or greater B o surrounding area Is 850 mils
secael 5 7

72

1R2LR-021 page 2of2.

~ AllX and Y' dimensions are referenced from the centerline of the vent linie (X direction) and the bottom of
the Penetration Reinforcement Pad (Y. dunensnon) Reference NDE Data sheet 92-072-04 page 1 of 1 and
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7.19 UT EVALUATION BAY 19 SUMMARY
The outside surface of this bay is rough and very similar to bay 17. Areas 1 through 7 as shown
in Table 19-1, 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 (references 3.6). 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. Ten areas were selected to represent the thinnest areas -

~  based on the visual observations of the shell surface (Fig. 19-1). These areas are a deliberate -

attempt to produce a minimum measurement.  Table 19-1 shows readings-taken to measure the
thinnest thicknesses of the drywell : shell The results mdxcate that all of the areas have thxckness
: greater than the 0.736 inches.

- 7.19. lBay #19 General Wall (Sandbed Region) Thickness Evaluation
Table 19-1 shows. that no areas were less than 0. 736” in 1992 and three areas in 2006. All other

. areas were greater then 0.736”. Since the area were greater than 0.736” in 1992 depth
measurement were rot performed in 1992. Ther: oré these area will be evaluated per section 6.2. -

These -areas-,énd' their location are shown .o_'n.' figure 19-2. The figure presents the aréas with
readings less than 0.736 inches as squares and areas with readings over 0.736 inches as friangles.

Table19-1 Bay # 19 Thinnest UT Data

1 - 3
2 0.924
-3 0,955
4 0.940
5 0.950
6 0.860
7 0.969
8 0.753
9 . 0.776
10 0.790
11 NA
Average 0.885

7.19.2 Bay #19 Very Locai Wall Thickness Evaluation (Pres_sufe Only).

CCLR00030765
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All mdmdua] readmus were greater than the acceptarxce criteria of 0. 490” The thmnest reading -
was in area 11, whxch was 0, 712 mches in 2006.° '

7.193 Bay 19 Local Wall Thickness Evaluation (Lo¢al Buckling) -

Table 19-2 'Summary_;.of Méasﬂrex_h_enis Below 07361nches '_

8 07s 072t | NotAwalable ] NA | . N2 F NA - | 71931
. | 07 728 Not Available A |, NA CONA | 71952

i Na | 0m2 | NotAvilable| NA NA CONA | 71933

7 19.3 1 Evaluatmn of Area 8

Refer to figure 19-2. Area 8 has a smg]e readmg of 0.721". This ared is next, to areas 1 (0. 867”)
“These two areas are bounded by a 16” by 6” area. Since these single points. were determined by
the inspectors to. be the thinnest within this area, the average of these two thicknesses is &
conservative estimate of the average thickness of the 16” by 6" area-(see assumption 4.3). The .
average of these three readings is 0.794%, whxch is greater than 0.736”. Therefore area 8 meets
the 0. 736" uniform criteria. i o o _ _ .

.,7 1932 Evaluatmn of Areas 9 and 11 . T |
In 2006 area 9 had a single reading of 0.728 and area ]1 had a smgle readmg of 0.712". These
single points were determined by the inspectors to be the thinnest within this area. Figure 19-3
plots area 9 and 11 a]ong w1th area 10 wlucn is 0.736”. Fxgure 19 3 overlays a 36” hy 367 area
on these locations. .

Figure 19-4 and 19-5 shows the pro_ﬁ_]e of the 36” by 36" a_réa with fhe'.single thic_khess overlaid -
on the curve depicting the acceptance-critéria. Figure 19-4 shows the profile along the horizonta}
axis and figure 13-5 shows the profile along the vertical axis. These figures show that the local
buckling critéria is met. Please note that Figure 19-4 does shows that the two locally thin area-

- come close to the edges of the 36” by 36™ acceptance criteria envelope. However since these -
areas are significantly smaller than the analyzed area and since the two areas are actually located
at an azimuth of the drywell that sees less stress (7.19.3.3) the closeness to the envelopis judge.
to be- mconsequennal Also thme areas were found to be thinner than 0.736™ at dlfferent times.
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‘Most hkely the 2006 data is more repr&sentahve which means that there-is only one area in this o
bay, which is less than 0.736 inches. :

7. 19 3.3 Combined Eﬂ'ect of Locally Thin Areas on Bucklmg o
There are several conservative factors associated with the size and the'location of the locally thin
- areas which cannot be quantified but are judged to be substantial in- demonstratmg that the
: _measured thlckness are adequate. Thme are described below

7.19.3.3.1 Refer to figure 19-7.. The ]ocally thm area for thls bay that is Ims than 0.736
inches is located directly under the vent line. .

The Tocal buckling cgiteria (secﬁon'6i2) is’ based on sensitivity studie_s that placéd.a:.36” '
* by 36" locally thin grid on the aréa of the finite element model that had the highest

buckling stresses. This-area is' lacated between thé centerlinés of the vent lines (+66” to —

66 as shown in figure 19-2). Areas below the vents lines had less compressive stresses.
Therefore locally thin areas located under a vent lines will have more margin than the
saié locally thin areas located between the centerlinie of the vent lines. Review of the
original GE study (see appendix F) shows that stresses under the vent line are at least
20% less then the stresses: between the centerline of the vent lines. Therefore the
necessary wall thickness to maintain the required safety factor for portions of the vessel
under the vent lines is substantially Iess (by at least 20%) than the calculated requ;red' .
_uniform thickness of 0 736“ '

7.19.3.3.2 A second factor is the cumulative size of the locally thin areas, which are
significantly much smaller than the anilyzed-36” by 36” area (see the figure in section
"' 6.2). The total volume of this 36 by 36” area when compared to the volume of a similar -
36" by 36” area with a uniform thickness of 0.736” corr%‘pond to a reduced volume- of :
~72:0 cubic mchm :

The cumulative volume of two Tocally thm areas is less than 0 251 cublc inches (see the
table bclow) : . : - : '

Area Thinnest ‘reading | Equivalent volume loss of 2 % inches diameter area
inside the area . jvith thickness egual to thinnest readings (Column 2) -
_(inches) - . jvhen compared to a uniform thickness of 0.736 inches
(Column 2) - 0.736 — Column 2)* 3. 142*(25/2)**2
8" 0.721 B ~0.080
9 0728 - . IR 0.043
0.736 - ' o 0.000
o712 | - ~ 0.128
Total ' I - 0.251

OCLR00030767
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Therefore thc comparison of the “as found” volume reduction which is less than 0: 251 |
cubic inches to the “analyzed”™ volime reduction of 72 cubic inches leads to the
conclusron that the effect on the buckling load factor is neohgrble :

In addition since the majority of the vessel in this bay is thi_cker than 0.736”, the thicker ~ -
areas will reinforce the locally thin areas. For example approximately 7680 square inches
of surface area in this bay (of a total of 9072 square inches) is 800 mils or thicker (refer.
to figure 15-7). When' compared to same surface area with a thickness of 0.736” thereis s -
total increase in volume of at least 490 cubic inches. (e g 490 = (0. 800-0.736)* 7680).

- - This addrtronal volume will remforce the locally thin areas. . ' N

7.19.4 Bay #19 General Wall Tluclmess Cntena (Bucklmg)

The UT measurements presented in Table 17-1 equal an average of 0,885 mches in 1992 .
and 0.801” in 2006. Therefore, it.is concluded that the br: is acceptable based on the bay

- evaluation thickness exceeding the buckling desrgn thrciums for the sandbed reglon of
0. 736 inches using results of Reference 33, - '

7. 19 5 Conclusron '
Flgure 19-7 rllustrates representatrve areas and thrcknesses in thrs bay as follows:

. Area A- This is a. 16 inches high by 6 inches wide area, whrch is at lcast 0.794"
: : thick. This thrckness isbased on sectron 7.19.3. 2). .

" AreaB - Tlus is a 36" high by 36 mches wide areais at least 0.720" thick. Thrs
thickness is based on sectron 7.19.3.1,

. Area C-- : ’I‘he remammg area of the Bay is 0.800 mches thick. This thrckness is
based on the evaluation in section 7.19.4 or greater

Therefore this bay meets the acceptance criteria based oni the fol]owmg,

-1 All individual readings are greater than 0.490 mches
2) Except for Area B the entrre bay has thickness greater than 0.736 inches.

- 3) Area C (which is limited to an area of 36” by 36”) mccts the' acceptance cntena in
section 6.2. .
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Figure 1 9-2

Bay 19 2005
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Figure 19-3

Bay 19 Locations 1, 2, 6, 7, 11 and 21
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direction) and the bottom of the Penetration Reinforcement Pad (Y diwension).
Reference NDE Data sheet 92-072-02 page 1 of 1 and IR21ILR-020 page 2 of 2.

Figure 19-7 - o
: C-1302-187-5320-024
_ _ By ‘E g ZG@ﬁ Rev.2, Page 99
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_ . ] Edge of 72" vent
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B
AlXand Y dimehsions are ;e_fcrenc_ed' l_‘ron; the centerline of the vent line (X "
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The puxpose of this appendix is o clmractenze the dep1h of typlwl umiform dunpl&s on the shell sm'faoe
. This depth is used in acceptance’ criteria to quannjy the eva]uatxon thlcknws for an ama where the .

rmcrometer readings are availahle

Two locahons in bay 13 were selected since bay 13 is the rough&st bay. Imprwsxons of dryWell shell -

- surface using DMR 503 Epoxy Rephcauon Putty manufactured by Dyna Mold Inc were made. These -
impressions were about 10 inches in diameter and about 1 inch thick. The UT locations 7 and 10inbay ~
13 were identified in each of these impression as the reférence points. This is a positive mpr&smn ofthe -

’ dxywe]] shell surface. The depth of the typma! dnmplw were measured as follows; '

. READING EPTH #10
- (Location) . (nchesy

A
-2 0.000
3 . 0200
4 0.140 .
5 0.150
6 ©0.040
7 - 0.150
8 . 0010
-9 .. 0134
1w . 0045
11 .- 0ns -
12 - . 0105
So13 0125 -
14 0200
15 0.135.
16 . 0100
17 © 0175
13 0175 -
19 0 D155
20 . 0175
21 , 0175

L0150 .

DEFTH EZ

mches)

0.075
0.110 -
0135
0200

0060
0.000
0170 _ -
0205 -
0.145
0064

- 0200

- 0.045
0.180
0.105

- 0.035

. 0015
0.190
0.055

- 0305

T 0135

OCLR00030776



Sub)ect ' Cale No Rev: No. | Sheet No.
" O.C. Drywell Ext. UTEva]uat.lqn in Sandbed C-1302-187- 5320 024 2. . 102 of 133
Originator Datz Reviewedby . . Date '
: Peter Tamburro S S VitY S B Julien Abramovici -
_' ‘Location 10:.
MenValue =~ = . 0I31
. Standard Deviation™ - = 00585
Mean Value + OneSD. = 0.186
' 'Lo'axﬁon#?:.
Mean Value - = = 0.118
Standard Deviation | = - 0.082
an Value +0neSD. = 1 0.200

-« Therefore, a value of 0260 mch&e was used as the depth of umfom dlmplcs for the entire outs;de smface .

. ofthe drywell in the sandbed region..
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- Appendix B: Buckhng Capacnty Evaluation For Varymg Umform Thlckness Through The’ Whole Sandbed .
Regmn Of The Drywell {5 pages total) :

- 'Ba_sed_ Upon GE Buckling Analysis (Refercrice 33)

- Note: Tables on sheets 53 to 56 are not used in thls calculatmn and
©roare prowded for hlstoncal purpose only fmm Rev. 0. |
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, CALCULATION OF BUCKLING MARG[N - REFUELING CASE NO SAND -
GE OYCRIS&T - UNIFORM 'I'HICKNESS t=0. 736 Inch ' : .
- T . LoAD
ITEM PARAMETER UNITS VALUE - FACT OR
_' wuk DRYW'ELL GEOMETRY AND MATERIALS B
.1 SphereRadius,R : . (m) 420
2 Sphere Thickness, t (in.) - 0.736 -
3 Material Yield Strength, Sy (ksi) . 38
4 Material Modolus of Elastlcxty, (ksi) - - 29600
5 _Factor of Safety, FS : 2
o *** BUCKLING ANALYSIS RESUL"IS o -
6 ' Theoretical Elastic Instability Stress, Ste - - (ksi) 46.590 6.140
' ***STRESS. ANALYSIS RESULTS C o R
7 Applied Meridional Compressive Stress, Sm (ksiy - - - 7.588 5.588
8 Applied Circumferential Tensile Stress, Sc (ksi). - 4510 3.300
' 4+ CAPACITY REDUCTION FACTOR CALCULATION - o
9 Capacity Reduction Factor, ALPHAL I 0.207 -
.10 . Circumferential Stress Equivalent Pressure, Peq . - (psi) 15806
11 X' Parameter, X= (Peq/8E) (d/t)"2 0.087
12 Delta C:(From Figure - ). : - - 0.072
13 Modified Capacity Reduction Factur, ALPHAL, mod . 0.326 T
14 Reduced Elastic Instability Stress, Se . : - (ksi)- 15.182 © 2,001
- **PLASTICITY REDUCTION FACTOR CALCULATLON o .
15 - - Yield Stress Ratio, DELTA=Sc/Sy ' ' 0.400
16 . Plasticity Reduction Factor, NUi , o “1.000° _ :
17 Inclastic Instability Stress, Si=NUix Se . ﬁ . (ksi) 15.182 - 2,001
*+** ALLOWABLE COMPRESSIVE STRESS CALCULATION' T . .
18 Allowable Compressive Stress, Sall SUFS - (ksi) 7591 . 1000
19 Compresswe Stresstgm,M-(SalVSm 1)x 100% - 0.0 -
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CALCULATION OF BUCKLING MARGIN - REFUELING CASE, NO SAND _
GE OYCRFSTO1 - UNIFORM THICKNESS t= 0. 776 Inch _ o
- S LOAD " -
ITEM PARAMETER UNITS. VALUE . FACTOR -
#h DRYWELL GEOMETRYANDMATERIALS .
1 Sphere Radius, R S @) 420.
2 Sphere Thickness, t (in) 0.776
3 Material Yield Strength, Sy (ksi) 38
4 " Material Modalus of Elasticity, E (ks). 29600
5 Factor of Safety, FS -+ . ' 2.
' +*+ BUCKLING: ANALYSIS RESULTS . - P
6 . Theoretical Elastic Instability Stress, Ste - (ksi) - 49.357 6.857
. - ***STRESS ANALYSIS RESULTS. ' . _ -
7 Applied Meridional Compressive Stress, Sm . Gy - 7198 5588 .
8 - Applied Circumferential Tensile Stress, S¢ N ks - 4.248 3300
S S CAPACITY REDUCTION FACTOR CALCULATION ' .
9 Capacity Reduction Factor, ALPHAI o . 0.207
10 Circumferential Stress Equivalent Pressure, Peq (psi) 15.697
-1l X’ Paraméter, X= (Peq/8E) (d/t)'\2 0.078
12 Delta C (From Figme-) - - 0.066
13 Modified Capacity. Reduction Factor ALPHA,] mod 0316 o
14 Reduced Elastic Instability Stress, Se - - (ksi) 15.583 2.165
. *++¥ PLASTICITY REDUCTION FACTOR CALCULATION ' S
15 Yield Stress Ratio, DELTA=8e/Sy 0.410
16 Plasticity Reduction Factor, NUi o - 1.000 :
17 'I.nclasnclnstablhtysn'ess Si=NUixSe . (ksi) 15.183 2165
' *+& AT L OWABLE COMPRESSIVE STRESS CALCULATION ' .
18 Allowable Compressive Stress, Sall=SVFS - (ksi) 7.592 1 1.082
19 (%) 82 '
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'ITEM.

SRt

CALCULATION OF BUCKLING MARGIN REFUELING CASE NO SAND : B
GPUN EVALUATION FOR UNIFORM THICKNESS =0 800 Inch USING THICKNESS RA’IIO

10
1

o I

13
14

15
i6
18
19

PARAMETER _ UNITS | VALUE  FACTOR_
+++ DRYWELL GEOMETRYANDMATERIALS ; T
Sphere Radius, R : (in)- 420
Sphere Thmkn&ss, (in.) _ 0,800
- "Material Yield Strength, Sy . ksi) - - 38
Material Modolus of Elasticity, E (ksi) . - 26600
* Factor ofSafety, FS - _ _ _ 2 -
. #xx BUCKLING ANALYSIS RESULTS _ ERR S
~ Theoretical Elastic Instabxhty Stress, Ste (ksi) 50.884 7.288
- #**STRESS ANALYSIS RESULTS _ S . o
- Applied Meridional Compressive Stress, Sm . _ Gsi)- - 6982 5.588
Applied: Circurnferential Tensile Stress, Sc - S s o 41200 ~.3.300
wEn CAPACITY REDUCI’ION FACTOR CALCUIATION R : . S '
Capacity Reduction Factor; ALPHAI ' _ 0.207 .
Circumferential Stress Equivalent Pressure, Peq (psi)- . 15.697
X" Parameter, X= (Peg/8E) (@42 - 0.073
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- NDE Dala Sheels 92-072-12 paao 1 oft ..
. NDE Data Sheets 92-072-18 pags .1 of 1
NDE Data Sheets 92-072-10 page 1 of 1

_ All horizonal mezsurements taken 13" to the rght of tha centerling ot m nhfommem rlm (Bwa).

BAY 1 -
: _ 3 ' .| 2008 . o
" |Point {Verlical Horizontal 1952 velue Valua Comments -
110168 R27 0.720 -0.740
2022 1RAT 0.716] _ 0.690(
3023 L3 _ 0705\ 0.665{ - - :
4024 |E33° N "0.760] __0.738] " Very Rotigh Budfecs_ 1
5024 |L45 . 07100 06801
6048 R19 —0.760] - 0.731
7|03 _7 ~0.700] __0,668]
B0 RO TTT0.806]  0.7831
" B|D3IB 136 0,805 0.754
10|D16 R23 0,839 0.824] g
11]023 R12 ~0.794] _ 0.711
12|24 L5 0,728 0.722
13[D24 tad__ 0.792]__D.719 -
14|02 “1R35 T.147] _ 1.457
15|08 L51 “1A56] . 1.160 ™
16050 R40 - 0.706 6.795]
17]D40 R18 0.860] - 0.846
16|03~ |L2 0.817| _ 0.849
I 19(D38_ {L24. 0,800] . 0.865] "
~20|018 RS 0.966  0.892]
“21|D24 RIS ™0.726]  G.712
221032 (RT3 ~0.852)  0,854]
231048 Ri5 . '-0850 0.8
Data obtained from :

" All vertical measuremants taken from bottom of vent noxzie at the 13" mfemnw tne..
" Surface mugmmo prohidited: d\amnwm oY o readings.

Note: Perdlsw“wnwlﬂ\&lnhum mmmmmmmmMaw bawd
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GPUNuclear -

Subjest n»_nZQ. _ . | Rev. Na. | Sheet Ho. .
Q.C. Drywell Ext. UT Evaluation in Sandbed O;uc»&.m;TMmNc.ﬁNa.... . -3 1 170ef ,wﬁw
Originater . - Date .woia:a.n&@. S Data
| . | IR LR-0C4D \W 2 om 2 ’

RN

. ” >E==E§ E
Bay 3 2006 UT data

7
i.
i
|

0.765
750
05508
0.803,

0785
N
0.698

1892 vmeg Yoo |

)

RE:
R4t
R3S

7
4

. vm‘ j
11016

AIER

.__3D17 .

~4]p13 -
51025
8{D15

~ 1D
8)D34

Data cbiained from
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GPU Nuclear

Subject

191.0f 183

3

Cale No.

C-1302-187-5320-024

‘Reviewed by

IRIIER~SIT fy 20w 2|

Date -
13R107

O.C. Drywell Ext. UT Evalustion in §

Originater

. rﬂﬂi {a.—z'zw

2005

[Point__|Vestial _|Hortzonta) _|1982 valuel Valuo | . Comments

ST o5 .'i-o.uaup*’Fanf

D38____IRT T 1.04] " 0.965|Rough wurtace - Up 99 dn 09 __

1042 IR10_ 102 0,988}up 1.0 6n 1.04

5|042 . L1t ' - 0.88 0.88|Rough surface

P47 RS _-1.08]  0.681jup1.018 dn 1.014

3 3.',_}- ‘#] #] @

1

2

3
4lD41 - W7 o - 0.87} 0.948{Rough sufface, also d(shed
5

6

7

D48 1L18 088l 0.974/Rough surfacs left .99 rfght NfA

8iD46  JL31 ' 1.01 -1.007|Reugh surface -

Naote: up, dn, 1ot & night readlngs were taken 1/8° from recorded 2006 value readlng

. " Rough surface limied taking additienal readings. Reference above,

* =Vertical and horizontal measuremants taken from top of coating on long seam 82° to fght -_ ;

* =\ertical and horizontal measuremenits taken from bottom of nozzla at 8 o'clock pasition
Reference NDE Data Sheets 92-072-16 page 1 of 1

1. Referenee oft the weld 62" to the ﬁght of the cemeﬂlne of the bay '
- 2The onginal data sheet [z not clear as to whether this polntis to the right or Ien of me weld.

Therefore NDE shan verify:this direnaton. .

. Note: per dlscusslon with Engineédng. single polnt readinge were takun Infleu of 8 based

on surface curvatura

Appendix E -

Bay S 2006 UT dats

OCLR00030846
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D21 R8T [ T.018]. N/A[Couid ot locais are0 -
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mmsmmummmawv

Riqng

" depeufELro
“JEdONN [1d9
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Tamquny dg
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BAYO

|Paint Vertical

Horizenial

5005

1892 vaiu

Value

Comments _

CFEIR

" {R32

0.96{

~~0.968

D18

RiT

0'. 84

~_0.834]

,/“/4

D20

TRB

"~ 0.804]

0,989

D27

R15

~1.024

—1.016]

D35 .

0.985

0.964]

D13

L30_

- 0.82f

'0.802

D16.

T

0.825]

082

D21

T

0.791}

N

D26

L53

- 0.832]

0623

15l ol mlolo] slwlu] -

650 -

T

0.855

Data obtamed from :

o

NDE Data Sheets 92-072-22 panﬂ 1ol

 Note: per d:scussion wtth Engmeeﬂng slng!e point read”mqa m mkan tn lfou of 6 bmd
on surface curvature.

- gmpuddy |

Bep 11 900T 6 Aedl
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3006

_ P_oin'g |Vertical Honmntal 1992 valuJ Value | e _Comments

S I LS IR 7/

D25 |R32 .77 0.760

D21 L4 .} 0.832 0.830

hsapsramttmmpasiteon

D24 |LB “T0.755] _ 0.751]

D32 . L4 1 0.831 0.823

027 [L2Z ] 08 0.756

D31. R20: 1 0.831 0.817

ol alo] awlo]

on aurfaco wrvam

D40 RI13 |- 0.85) - 08251 Y

Data obtained from .

" NDE Data Sheets 82-072-10 page 1 of 1

Note: per discussion with Enuh'mrlng. single pomt madhga wm taken ln lisy af 8 based
RO & zﬂ rw?“"
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2006

Verical _Horizontal 1892 vaiud _ Value

DIz _ " IRSE | 0788 B0 T BOTIE

022 27 0.828]  0.798(0,777 o 0,768
B33 RiT. 0.632] 03"3#"“"—"" -

D30 IR7. 1 0.785} . 0.794

B28 163 [ OBSl - DBSB|0B1T 10D ARG

D6 iU - 0;794] _0.767]0.71515 0787

g

D26 X 0.805

o B[00 1736 0TI 0.760

-BiD3G - [L4d T 0.722] . D.746(0.720 0 0,748

K Damobmhedfmm

L A0DaA a1 086l 0E50 83T a0,

mmmnmmmim e '
Noﬁ mowmmmmmmm-mmum

" wip 10 9007 ST Avg
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177 of 183

Date

Sheet No. _

3 .

1 Rev. Ne.

_C-1302-187-5320-024

Cal¢No.
‘Reviewed by -

dbed

Date

¥ T . g
8 -} B
A : lal
% o | Iu
' et B ) .
X opayd7 lFE__
‘ ' N ,the mmmmmm&toﬂoorm’
Polnd 1v~mx |Horizordal 1992value _.Value ’ Comments
.-1012,_. ;'é'si i -_~.9,f6_. 5505
2[08  |R40 " 1.450] - 0.681 upT'S anE§3
" 3l516. - |R26 T 0.898] . 0.894]
- 4|D34 R4 - | 0851 = 0.963
506 [R20_ | 0913|0822
6[017.___|R7 ____| 0892 _ 0809
71D18 L14 - - .- 09701 -0.970].
8lD34 TAB v | - 0.890]  0.960]
9021 28 | 0720  0.870
10|D3 2 0.830] .- 0.B44 -
O1tNIAT U INAA INJA NA .

REV R

Note'mn measurementa taken from bottom of boss which Is 15" below vent iine,
Locations 8,9, &3 look te be un-prepped flat areas of the oflgingl surfdca.
Allleft, right medsurements faken from 8" left of llner long seam

Data-obtained from -

NDE Data Sheets 92-072-08 page tof1

 Nete: Per discusslon with Engineerlhg. sfngle point naadlngs were taken In lieu of B basod

" on surface curvature,

O.C. Drywell Ext. UT Evaluation in Sen
Pete Tambmrre -~ ' .

GPU Nuclear

| Subject

Qriginatat

A \4/”1:.._._ 10199000 |

OCLR00030852




1780183 |

Sheet No.

Ty

: . -RCV."NID.

OCLR00030853

__C-1302-187-5320-004

Reviewed by

CaleNo.

]Datz

Appendix E B
- Bay 19 2006 UT data

Subjeet -

O.C. Drywell Ext. UT Evaluation in Sandbed

GPU Nuclear

- Originater

& |
3 mavia
|Point __[Vertieal [Horizontal|  1692value _Valua cmmems
030 Re T 585 0.004 u"’p'.'a‘s‘?dn 867
~ 2|D52 R58 ' - 0.924 0.921}up 850 dn .907
3033 - [RA0 . | .. 0.955] " 0.932]up .894 dn.905
4032 IR1A__ | 0.941 . N/A|Cotild not lacate ares
WLBB31 IR 0G| .0.832|up.883 dn 807
_6lD52 .65 1 .88 . N/A[Could not locate area
_71D54 L0 - | 0.968] _ 0.891]up .821 dn 812
—8|D16 RE4 - W - 0.745up ,721 dn .747
___9ID18 __IRi1Z_ RN up .728 an.745
_Jo[o18 RO : i 0:79]. 0.797|Up 736 G 846
1j2op il '_ NA] _0.738[up .738 dn .712
Data obtained from . |
.NDE Data Sheets §2-072-05 page1of1

NDE Data Sheets 2-072:07 paget of 1

"Note: Per discuasion with Engmearfng. slngre polnt madlngs were taken In-feu of 8 based
.on surface curvature, '

*** . This value is not clesr form the eriglnal datash@et -NDE to veﬁfy this value,

Note; pér discussion with Engineeﬁng, single point readings were taken iri lieu of 8, based
on surface curvature;
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- Memorandum

. Subject: INSPECTION OF DRYWELL SAND BE) Date:  Jemuary 28, 1993

":As. requested by yes, I conducted twa visual inspections of "the drywall

L.

REGION AND ACCESS. ROLES -

Bi L. Whithors - Civil/Structursd Mgr. = Tocation: . Hortls Sorp. Center

5320.53-020
3. € Flyno - Managet, Spectal Projects, Engineering Prolects: -

sand bed reglon and several'of tHe access holes. On December 72! 1992, '
I entered Bayw 3, 5 end 1¥. From inside these bays, I coild see all or’
poxtions of 1, 3, 5,.7, 15, 17 and 19. On January 21, 1983, I enteved

Bays 13, 15 and-17. Prom inside these beya, I could see a1l of poxtiocns

. of Bays 11, 13, 15, 17 and 19. At the tims of the first inspectiop; bays

1, 8, 5, 17 and 19 had been cleanad of sand and corresfon materisl. Mo
concrete repeir or drywell. coating had begun. At ths time of ¢he sscond
inspection, Bays 41, 13 end 13 had been clsened of sand and carrosien
waterial. Primer had béen placed om the floor im ‘préparation of epoxy
placezent. Howéver, nd concrete repeixe st drywell coating had begm in
those bays. -Baya 1?'énd 19 bad been cozpletad, The epoxy floox. .had been
installed and the drywell had been coated. - Following s a4 summaxy of wy

-. observations during thess tws Inspectiomss '

" The drywell shell ia sound mecal with ne looge matefis), rust ex

- lanfnations. There sxé mo apparent cracks or: ‘discontiniities.’ The -

" shell is chardcterfzed by a rough surface full of dimplés similar to
the ocutside sirfece of a polf bLali. The dimples &rs of varying
sizes, bur iost ara leésse them 1/3* in dlamgrar. The shie)l appeazs

te be reldtively iniform in thickness except se nored beliw:

{a)  Above the eievat’i_on of the bottom of the holss through the

concrete shield wall for the vent pipe (approximately 6" belew
o the vent pipe reinforcement ring to drywell shell weild),

corrosies is much less than below that elevation. Therefors,

~-there 18 an obvicus change in thickness at this elevation.

(k) . There are two strips -around the vessel just below the vemt '

: Pipe holes desexribed In (a) above which are slightly thinmer
than the genéral area of the shell. These strips have been
described as "bathtub rings.¥ - L

mmjmmoﬁws-om/i. -
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) (éli -In additlon to the dimplu, there are spots that apput to lu
’ thinnex then the gensral area. The dlwples in the surfaca

occur’ in these thipn spots to tha same degrés as in the rest

of the corvoded portiog of the shell. The "thin® spots are

_typically & foot te 18% fn diametay and probably compriss
shout 20% of tha-corroded srsa. In genersl, except in Bay 13,
the thim spots are not readily spparent. Yhévefora, a mote

detailed charscterization is difficult for the cthor Bayy (ses

{dY below}, I could siot detexmine visually which of the thin.

spots are the thinnest. However, due te the srall d1fferénces

between the "thick® sreas snd the "thin" aresp, snd the .amount .
" of meta} remowed in preparatfon for the Ul measurements, it .

1s highly likely that the thickness readings reportad ia tha =

T nxeasnremenca encompass the thinnsat spotn in tha sheu

; (8Y .Dwe to tho ‘reaults of the thickness men_.sm_re_ment:s. a.no:e

. detailed vigual -Inspection was conducted of -the dyywell shsll

in Bay 313. The conditions observed during the. inspecdon of -

. Bey 13 are s\manarizad belw. )

*  'The vartatfem im- thickneu 1a greatar fnn Bay 13 than hx '

.. the other bays. -
.Y 'The "thin® spots are ahout a fope o 18 in dlamem and |
arg a:lemlft‘ -aparg (edge to edge, or 2 .to
2-172 ££. center to center). Some Epots are :hi:mat than
othegs.” Agala, 1. could not determine precizely htéh
spots are the thinnest. Hovever, dut to the emount of
metal. removed £o: perform the UT imeésurements,  tha
- reported thicimessss Su all '.Lﬂ:eyhood euvelop the
- smallest thicknesses in the shell}.
.*  Tha thin spots ¢comprise sbut 208 of the total area of the
corroded portisn of ths shell. They are spread
+ throughout the' boy but.are closer tugethez {about 1.
dpare) In the Viginity of t.be veot: pipe aud ﬁ.\rthet .apart
toward the frma . .

All of the observai:iom ‘dixcusged. sbove apply in generq.l o all
portions of the drywell shell {o the sandbed azea. Howevér, Bay 13
has a greater variation between the "thick™ ang “thin” arsas ‘than
suy of the -other observed bayw. In addition, the sbrupt changs dn -
thickness at the elevation described in (&) sbove i{s more pronounced
in Bay 13 than in other bays which were inspectad. In fact, fun che’

.. other bays the thin spots are not apparent unless a concerted effext
is uwsde te locate them.  Due to this, & - more. detaﬂeﬂ :
_characterization {s not dzawn fcr the other bays. '

After cleaning and coating, the drywell shell ix sound metal wiﬂ: 1o

.apparent cxacks, laminations, scale or rust. The surface is
~ dimpled, but does not have severe changes in thickness which would_

resulr. in sxgnificant stroes risers.

: .mm/an/_zoss-.-oze/n

e
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' where refnforcing $s exposed, the reinforcing appesws to. bé:

Co crete . the San

The floor of the send bed was fmmd to be uneven and unf:.nis)md A o
number of small and some large voids were found in the floor of the .
- sand bed. T wany places, the reinforcing bars placed to form tha -

drainsge chanriel in the £loor are sxposed, Ths deepest void obsexved

in the floox ip about 20% déep asd about 37-4' long. Thias void ta-

located adlecént to-the drywell shall. A mumber of smaller valds

were slso observed. - A more complece and accurate recording of vnida T

and exposed reinforeing 48 contained in MNCRs 92-183 and 93:062, .The

exposed relnforcing ia’ g,gnenny sound with very 1littis evidant :
corrosion.  The conerats ia ﬂup flosz 48 sound and no-cracks ape

appaz:en! =

.Aftar repair, the flosr is sound, smooth and resﬂiou&’. Tha
- configuratiop Will lead to rapid draining of the sand bed. showld .
- water enter tha ered. In additios, the slope provided will prevear
- watex: from stdnding adjacent to the dryweli shall. - : :

- A" number: of snall fissures, cracks and voids were . observ&d in the .

drywell sand hed access holes. Im addition, & numbexr of volds -and
axeas of exposed reinforcemgnt were observed in the shield wall in

the sand bed regicn. Theé voids fn the #and bed area and access holes:
are docusmented in MNCR 93-682. The voids observed in the -concrete.

comprise an insignlficnnt percentage of the area of the shield walls.
Al1 voids are loeslized and 1solated, aend do not sppeax to ba

_associatad with suy concrete- cxacking: ox’ spalling. ATl -exposed: .
concrete iz sound and free of signs of degradation. Exposed bars

sppeay to ba sound snd generally free of corzpsion, In tha aress

consistent with tha reinforced concrete design dravings. No axeas
vere observed which caused any concern vith xegard to structural

~ adéquacy of the shield wall, toncrete frames or the Rcac:or Building

. This completes the record of ob;.ervatlom from my inspectia‘n of the

drywell sand béd vegion. If you have sny questiond or need addiciml.
infomation. please let ma Tnow, .

fo
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Extension 7546

. R. Balg - E‘ngineer, Enginee:.’mg Projactl

. J. Colitz - Direcror, Engineering Projects

. H. Horton - Mechanical Analysis Managex-

- K. Saha - Engineer, Engineering & Design

..G. Slemr - Director, Engineering & Design .
€. Tuamineldd - Manager, Engineering Hec'naniu

. Yekta - Engiueer. Engineering & Design :
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