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MEMORANDUM TO: Allen Howe, Welding Review Team Leader
Spent Fuel Technical Review Section, SFPO

FROM: Ronald Parkhill, Mechanical Engineer
Spent Fuel Technical Review Section, SFPO

Kenneth Battige, Materials Engineer
Spent Fuel Technical Review Section, SFPO

SUBJECT: FLAWTECH TRIP REPORT

On January 22, 1998, Messrs. Parkhil! and Battige visited the FlawTech Division of PH
Diveisified, Inc., in Harrisburg, NC, to become more familiar with the methods for inserting
flaws into metallic component specimens. FlawTech is currently under contract to Consumers
Energy to implant flaws into the Palisades VSC-24 dry fuel storage mockup. Once the flaws are
implanted, the mockup is to be shipped to ANO, where it will be used to evaluate the feasibility
of performing UT on the structural lid closure weld. As a result of this visit, the following
information was obtained:

a) Flaw Insertion Process-

Flaws are inserted into the desired location by excavating the specimen at the appropriate
location, welding a lever arm to the area of the desired flaw, and then using fatigue to break the
base metal at the end of the lever anm. Either mechanical or thermal fatigue can be used to cause
the breakage. Once the metal is removed from the end of the lever arm, this results in a small
piece of metal that fits exactly into its corresponding area of the component specimen. The size
of the crack is controlled by machining the small piece of metal to the desired shape, reinserting
it in its matching component location, and then seal welding its perimeter to the component.
Once the seal welding of the flaw is completed, the excavated volume is welded to restore the
component specimen 1o its original configuration. A UT examination of the excavated volume is
performed to ensure that no other imperfections have been added during the welding process.
Other types of flaws, such as slag inclusions and lack of fusion, may also be introduced.

b) Control of flaw size and location-
As described above the flaw size is controlled by measurement and machining of the small piece
of fractured material prior to reattaching it to the component specimen via seal welding. The

accuracy of this process was demonsirated via destructive examination of inserted flaws and
documented in a report prepared for the Navy.

cc: F. Sturz, E. Hackett, G. Hornseth, C. Interrante, T. Kobetz, H. Lee, M. Vassilaros, D. Reid



¢) Records and Documentation -

Drawings are prepared by FlawTech working in concert with their client to determine the size,
location, and type of flaw to be inserted. These drawings control the fabrication process.
Pictures are taken to provide a record of the flaw insertion process. A documentation package is
provided to each client that includes the drawings and a pictorial record of the flaw insertion
process. FlawTech also maintains a copy of the documentation package for their own records.

d) Shipping Considerations-

Due to the massiveness of the component specimens, FlawTech generally puts them on a flat bed
truck, covered with a tarp. Since the flaws are well within the component specimen protected by
the weld material of the excavated volume, no shipping damage is anticipated. For the Palisades
mockup, Consumers Energy is planning to do a receipt inspection of the mockup at FlawTech’s
shop prior to shipping it to ANO.

e) Impact on UT inspectability-

At the time of the shop visit many of the flaws had already been inserted and FlawTech provided
a demonstration of UT"s ability to detect some of the flaws. Using a small portable, battery
powered UT equipment with a 5-MHZ straight beam transducer, flaws # 13, 1, 2, 3 & 4 were
readily identifiable when manually examined from the side of the mockup. It took only a couple
of minutes to set up the UT equipment and perform an examination for these flaws. The EPRI
representative stated that thin transducers (i.e., less than a 1/16th of an inch) were available for
tight spaces like the area between the inside wall of the transport cask and the outside diameter of
the canister. The EPRI representative also stated that an automated UT process could produce
more accurate and timely examinations than a manual UT process.

f) Difference between the Palisades mockup flaws and those that would be produced for
other calibration standards (ASME Sectiou XI Appendices VII or VIII)-

FlawTech stated there was no difference between the flaws implanted in the VSC-24 mockup
and Section XI, Appendix VII or VIII, qualification flaws.

g) Construction under FlawTech or Utility QA program-

FlawTech implanted f.aws on the Palisades mockup under the utility's QA program since
Consumer’s Energy bas visited FlawTech and performed audits. As mentioned above, CE will
perform a receipt insjection of the finished product prior to shipping to ANO. FlawTech has its
own QA program me.deled after 10 CFR 50 Appendix B developed with the assistance of a
utility.




h) Proprietary aspects-

FlawTech considered the physical details of the process by which they break the flaw specimen
proprietary and we did not see this operation as part of our visit.

I) EPRI Involvement-

As identified in the Persons Contacted list, two representatives from EPRI's NDE center were
present during our visit. They stated EPRI is assisting the SNC owners’ group in the preparation
of UT procedures for examination of the VSC-24 structural lid welds.

PERSONS CONTACTED:
George Pherigo, President FlawTech
Aaron Pherigo, Executive VP FlawTech and QA Manager
Kim Kietzman, EPRI NDE Center
Robert Zeh Bouck, EPRI NDE Center



February 3, 1998

Note To: Eric J. Leeds, Chief, Spent Fuel Licencing Section, SFPO, NMSS
Fritz C. Sturz, Chief, Spent Fuel Technical Review Section, SFPO, NMSS

From: Timothy J. Kobetz, Project Manager, SFLS, SFPO, NMSS
Allen G. Howe, Nuclear Engineer, SFTR, SFPO, NMSS

SUBJECT.  MINUTES FROM THE JANUARY 28, 1998 WELD TEAM MEETING

The Weld Team met to review corrective actions associated with VSC-24 weld issues. Attendees
were K. Battige, E. Hackett, G. Hornseth, A. Howe, C. Interrante, D. Jackson, T. Kobetz, H. Lee, S.
Malik, R. Parkhill, and F. Sturz.

# T. Kobetz discussed a proposed letter to SNC intended to reply to recent VSCOG submittals
(e.g. weld samples, revised flaw calculations, and proposed schedules), the staff's
expectations with regard to performing closeout inspections of Confirmatory Action Letters
(CALs) issued to each member of the Owners Group, and the current status of SNC's
response to requests for additional information (RAI). The RAls were issued to SNC on
August 26, 1997 and November 6, 1987 and pertain to the CALs.

A Howe discussed the technical issues regarding SNC calculation CPC-06Q-301, Revision
1. “Allowable Flaw Size Definition for VSC-24 Dry Storage Cask Structural Lid to Shell
Weld" submitted December 17, 1997 and calculation WEP 109.002.73, “Analysis of a
Hypothetical Crack in MSB-24 Shell and Bottom Plate,”, Revision 1, dated October 24,
1997. The weld team agreed to provide comments on the issues by 2/2/98.

After the technical issues are resolved, 7. Kobetz will provide the draft letter to the
team the week of 2/2/98.

2. H. Lee discussed the recent Addenda to the Sections Ill and XI of the ASME Code
These addenda provide guidance for the use of UT for preservice examinations and the
section X| acceptance criteria. This is significant because, although the VSC-24 is not
fully constructed to meet the Code, it paraliels the approach agreed upon by the weld
team to provige reasonable assurance that the welds are properly installed.

3 K. Battige and R. Parkhill discussed the results of their trip to FLAWTECH to observe the
flaw insertion process in the VSC-24 mock-up. In addition to having a better
understanding of the flaw insertion process, FLAWTECH demonstrated that a relatively
simple, straight beam, UT scan of a flaw, readily detected the flaw. A trip report detailing
this visit has been issued separately.

4 The weld team agreed that the pending inspection for the UT feasibility demonstration
should focus on observing a “dress rehearsal” of the UT examination technique.

HoFsad Ip,
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M. Timothy Kobetz e r naDi
U.S. Nuclear Regulatory Commission HacxtQ)
11555 Rockville Pike Dretaar

Rockville, MD 20852

Subject: Transmitial of Revised Calculation Package CPC-06Q-301 Rev. 1: Allowable
Flaw Size Definition for VSC-24 Dry Storage Cask Structural Lid to Shell
Weld

Reference:  US NRC Request for Additional Information Concerning Confirmatory Action
Letter 97-7-001 dated August 26, 1997

US NRC Letter to J. Massey, Sierra Nuclear Corporation, dated December 9,
1997; Subject: Commitments Made to the Nuclear Regulatory Commission by
Sierra Nuclear Corporation and the VSC-24 Owners Group

Dear Mr. Kobetz

As pant of the response to Question 4 of the US NRC Request for Additional Information
Concerning Confirmatory Action Letter 97-7-001 dated August 26, 1997, and ia response to
Commitment 1 of the US NRC Letter to John Massey, Sierra Nuclear Corporation, dated
December 9, 1997, titled: Commitments Made to the Nuclear Regulatory Commission by
Sierra Nuclear Corporation and the VSC-24 Owners Group, Sierra Nuclear Corporation(SNC)
and the VSC-24 Owners Group submit the updated and revised calculation package CPC-
062-301 Kev. ., tiled: Allowable Flaw Size Definition for VSC-24 Dry Storage Cask
Structural Lid to Shell Weld.

The revised calculation has been updated to incorporate the comments mzde during the
technical review meeting held in Washington D.C. on December 4, 1997. In addition, the
calculation has been revised to include a discussion on the postulated mockup defects (Section
7.0) and includes a complete description of these flaws in Appendix C.

plef

I Victor Square e Scotts Valley, California 95066 « (408)438-6444 o Fax (408)438-5200

arI230347  2pp.



Should you or the Commission have any additional questions please contact me at Sierra
Nuclear Corporation(SNC), 408 - 438 - 6444,

Respectfully,

er, Licensing

i

cc: G.Dixon, J.Massey; LicRile; f:\admin\Itrs\snc
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LO  INTRODUCTION

The purpose of this calculation is to develop acceptance criteria for flaws which may be detected in
the structural lid to shell weld of spent fuel dry storage casks at Palisades, Point Beach, and ANO

Nuclear Plants. The typical geometry of the structural lid to shell weld joint 1s illustrated in Figure |

[1].

For the casks which are currently in service, nondestructive examination of these welds has included
dye penetrant examination of the root and final welded layers. No volumetric examination of these

welds has been performed in the past, but the plant owners are considering such examination as a

result of discussions with the NRC.

20 CODE APPLICABILITY

In the present analysis, the methods of ASME Section XI, IWB-3600 and Appendix A (2] are used
to determine allowable flaw sizes under the limiting loading conditions. IWB-3600 and Appendix A
are directly applicable to Class | vessels (such as reactor vessels) and piping. Although the dry fuel
storage casks are Class 2 (NC) vessels, Section IWC-3600 is still under development, and Section

X1 permits the use of IWB criteria for flaw evaluations.

Section XI flaw evaluation criteria are directly applicable for evaluation of flaw indications detected
in the structural lid welds of casks which are already in service. Its applicability is less clear for
examination results for new casks. However, for exarminations of structural lid welds which are
performed immediately upon completion prior to putting them in service, it is SI's opinion that the
rules of Section XI should sti'l be applied, in lieu of Section III rules. Although a loaded cask is not
formally considered to be “in operation” until it is successfully transferred to the storage pad, the
cask is performing its design function in a difficult to reverse manner once fuel is loaded and the

shield lid and structural lid arc in place. Section XI provides more extensive methods for the
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evaluation of defects detected by volumetric examination, and volumetric examination of the

structural lid weld immediate'y following completion forms a baseline for any subsequent inservice

inspections by similar methods.

30  LOAD DEFINITION

Table 1 [1] provides stress data for the structural lid weld under the horizontal drop accident. This
event is considered to be an emergency/faulted class (service level C/D) event. Table 2 [1] presents
stress data for normal operating events By comparing the Tables, it can be seen that at the structural
lid weld, the normal operating stresses are significantly lower than the stresses which are predicted
to result from the horizontal drop event. Therefore, the horizontal drop accident is judged to govern

the critical flaw size determination.

As shown on Table |, the horizontal drop event produces the following stresses in the structural lid-
to-shell weld:
Ppn=7.2ksi
P+ Pg=433ksi

In the fracture mechanics analysis below, both of these stress cor-ponents were included. These
were conservatively modeled as a tensile membrane stress, with a magnitude of 43.3 ksi. This
magnitude is appropriate for use in the vicinity of the structural lid-to-shell weld. The highest stress
in the shell reported on Tabie | (73.0 ksi) occurs at a location which is approximately 12 inches

from the bottom plate of the MSB [9], which is remote from this weld.

w addition to this applied stress, weld residual stress was included in the calculation. Because no
meu.urements or calculations of weld residual stress were available, the weld residual stress was
assumed to be represented by a distribution typical of a mulupass groove weld such as is presented

in Figure 7, which 1s taken from NUREG-0313, Revision 2 [8].
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This typical distribution was scaled to reflect an assumed inside surface tensile stress of 40 ksi.

corresponding to a typical yield stress for the A-516 Grade 70 material. The scaled distribution is

shown as a dashed line on Figure 7. Appendix A of Section XI [2] requires the use of residual

stresses in determination of allowable flaw sizes.

For normal operating conditions, the limiting applied stress intensity K; (applied) is:

K, (applied) < .

where Kip calculated from the projected Charpy data is used as the critical stress intensity. The
"

safety factor of V10 is as defined in Section IWB-3612. Kip is equivalent to Ky, as discussed above.

For this case, the total applied stress intensity K, (applied) is determined from the membrane,

bending, and residual stresses as

K, (applied) = K; (membrane) + K (bending)

where the K (residual) reflects the residual stress case.

+ K, (residual)

For the emergency/faulted case (horizontal drop), it is still appropriate (and conservative) to use the

calculated Kip as the criterion, because of the dynamic nature of the loading, instead of the K¢

(which would be appropriate for static or slow loading rates). For this case (horizontal drop) the

applied K is limited by

K,
K, (applied : drop) < -—V—,_?
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The applied K using a safety factor of V2 on residual stresses as discussed above, is giver
K; (applied) = K (membrane) + K, (bending) + K, (residual)

For this case, residual stresses are also conservatively treated as primary membrane stresses, using

the full code safety margin of V2.

40 MATERIAL FRACTURE TOUGHNESS

The certified material test renarts (CMTRs) (1.5.61 for the structural lid weld material were
provided by the plant owners. The procedure qualification records (PQRs) were also provided.
These documents contain Charpy V-Notch Impact data taken at -50°F (and some data at other
temperatures). The PQRs also include Charpy results for base metal and heat affected zone (HAZ)

as well as weld metal.

According to the “Certificate of Conformance for the VSC-24 System” [9] in Section 1.2.13. there
are administrative limits which prevent moving of the storage casks when the temperature is less
than 0°F. Consequently, a horizontal drop accident is judged not to be possible below this
temperature.

Article A-4000 of Appendix A to Section XI [2] recommends that the material fracture toughness be
determined from the actual material and product form in question. Therefore, to evaluate the
fracture toughness of this material, use of the actual Charpy data at 0°F is appropriate. The Charpy
data at O°F is used to determine material fracture toughness (K;.) using the following equation for

carbon steel in the transition temperature region [3):

Revision | 1 [

p &L TS A
Preparer/Date | AR 303

Checker/Date [ ﬂ/ﬁz /s /47

File No. CPC-06Q-301 | Page S5 of 28

J




KﬂF \ISC v E
In this equation, E was assumed to be 29,000 ksi.

Judging from the % shear data, the material is in the transition region in the -S0°F to 0°F
ternperature range, so use of this equation is appropriate [3]. Also, the Charpy correlation is for Kp
(dynamic) fracture toughness as well as K;c (static), so it 1s applicable to a dynamic event like the

drop accident.

As noted above, the material specifications for both base metal and weld metal require Charpy V-
HULLLL (E3( TESUILS @l - DU, wnlNe tne lowest lemperature at which a horizontal drop could occur 1s
0°F, due to administrative limits [1]. All three plants (Palisades, Point Beach, ANO) provided
CMTRs for weid material used (or proposed for use) in the structural lid welds [1,5,6] and these
CMTRs included Charpy data at -50°F. All CMTRs include data for the as-welded condition, which
is applicable to all three plants. Results for base metal and HAZ from PQRs were also considered.

The PQRs include -50° Charpy data for weld metal, HAZ, and base metal. In order to determine the
limiting material condition, all such data was evaluated for toughness at 0°F as described in the
following. All available data is presented in Table 3. Based on the data in Table 3 the HAZ is not

the limiting location.

In order to determine allowable flaw sizes for each plant, it is appropriate to use the limiting
material toughness at the limiting temperature of 0°F. Since such data is not available in most cases,

it is necessary to extrapolate toughness at 0°F from the available -50°F data.

The data from all CMTRs and PQRs shows that the material is in the transition region (reported per

cent shear of 20-80%) and so linear projection 1s appropriate. Referring to Figure 5 from [7],the
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slope of this curve is estimated as 0.55 ft-1b/°F for the high manganese curve, which describes a

material similar to the A-516 Grade 70 base metal. This slope is more gradual than the 1%
manganese curve, and therefore projection is more conservative using this slope. This slope was
used to project all reported base metal, HAZ. and weld metal -50°F data [1,5,6] to 0°F. The results
are shown in Table 3. Also, all available Charpy data from CMTRs [1.5,6] at O°F is shown in Table
3 for comparison. The predicted 0°F C harpy data for weld metal is conservative compared to all
available actual weld metai O°F data. That 1s, the predicted Charpy results at 0°F (based on
extrapolation of -50°data) are consistently lower than actual data at 0°F for weld metal, which is the
only material for which 0°F data is available.

Ll Of Uik predivue Cliapy doav b CHEIKY 1E3UIL al U L Welt udEU W CaiCuliie @ materiag

toughness Kip for use in allowable flaw size calculations.

The resulting fracture toughness at 0°F is greater than 75 ksi- v/in. for all cases. This value is shown
in Figure 2 in comparison to ASME Section X1 fracture toughness curves for carbon and low alloy
steel reactor pressure vessel bounding materials. Figure 4 shows allowable flaw size (depth versus
length) for a toughness of 78.4 ksi- /in , which results from extrapolation of the minimum specified
Charpy V-notch absorbed energy of 15 ft-Ib at -50°F. (This is the minimum specified for both weld
metal and base metal). Allowable flaw size curves for the limiting material for each plant are also

shown.

50  APPLICATION OF ASME CODE MARGINS

As discussed above, the limiting event for the structural lid weld is the horizontal drop accident,
which is considered to be an emergency/faulted event. The stresses associated with this event are

defined in Table 1 from [1]
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Using the rules of IWB-3613(c) [2], the fracture toughness values determined above are reduced by

a factor of 2 to define the imiting allowable K for flaws in the structural lid weld under

emergency/faulted conditions. That is,

K
10
K\ allowabie< 7—_,—

For example, a limiting Ky calculated from Charpy data of 78.8 ksi- Vin produces an allowable K;

of 55.4 ksi-in . This value corresponds to the value obtained by extrapolating the minimum

specified toughness (!5 ft-1b at -50°F) to 0°F as discussed above.

6.0 ALLOWABLE FLAW CALCULATIONS

Using the above load definitions and fracture toughness, a series of allowable flaw size calculations
were performed using the Structural Integrity Associates computer program pe-CRACK™ (4],
which has been developed and verified under the S1 Quality Assurance program.

6.1 Surface Fluws

The structural lid weld was modeled as a plate with an elliptical surface crack subject to both
membrane and bending stresses. This model is illustrated in Figure 3. Use of this flat plate model
for flaws in the structural lid to shell weld is appropriate for flaws originating in the vicinity of the
weld root and propagating through the weld material or weid-base metal interface. This model is
conservative compared to the actual weld geometry, because the actual weld experiences significant
hoop constraint due to the stiffness of the structural lid and cask shell. Such constraint will limit
crack opening in the actual weld as compared to the model, and therefore a larger crack would be
tolerable in the actual weld than is predicted by use of the flat plate model. These results are equally

applicable to flaws originating on the outside surface and oriented inward
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The flaw aspect ratio (the ratio of flaw depth to length) was varied parametrically, to determine an
allowable flaw depth versus length curve. The conservative fracture toughness including the
emergency/faulied Code margins was used as the criterion for determining a. wable flaw depth for

each aspect ratio.

The results are shown in Figure 4, and the supporting pc-CRACK analyses are attached in
Appendix A. There is no known mechanism for continued crack propagation of defects in these
welds, so no crack growth calculations have been performed for the assumed defects. Limiting

allowable flaw depths for each heat of weld material at each plant are shown in Table 3.

6.2  Subsurface Flaws

The above discussion addressed the determination of allowable flaw sizes for flaws which are
connected to the surface of the weld, under a conservative set of assumptions. The weld could also
contain subsurface defects as a result of the welding process for example. In general, the allowable
flaw size for a subsurface defect will be larger (usually twice or greater) than for a surface defect

under the same conditions.

Evaluation of allowable subsu rface defects was performed using the same linear elastic fracture
mechanics techniques as were described above for surface defects. For these cases, a center cracked
plate model (Figure 6) was used to evaluate the infinite length flaw. This model is conservative for
the actual cases, since it treats applied stresses as pure tensien, while for the subsurface flaw cases,
the drop load case has a significant through-wall bending component. Consequently, for a
subsurface flaw the stresses due to the drop event will be significantly lower than the 43.3 ksi
surface stress for this event (see page 3). The calculated allowable flaw sizes for subsurface flaws
corresponding to the same assumptions presented in Table 3 for surface flaws are shown in Table 4.
The allowable subsurface flaw results presented in Table 4 also require that the flaw be sufficiently

embedded that treatment as a subsurface flaw is justified. ASME Section XI, Figures IWA-3310-1, -
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3320-1, and -3330-1 provide criteria for evaluating proximuty of flaws to the surface and to each
other (in the case of muiupie flaws). In general, if a flaw 15 closer to the surface than 0.4 of its hal-

depth, it must be considered to be a surface flaw.

70 RECOMMENDED MOCKUP DEFECTS

The above analysis shows that a family of significant sized flaws (Figure 4 a, b. ¢, d) can be
accepted in the structural lid to shell weld, while maintaining Code margins, and under a

conservative set of assumptions.

Ultrasonic examination of the final structural lid weld will be attempted using a mock-up which

Avnlinratas tha Final ctmintirenl 11d (inld cnafl erieatiom
~ (AT D I i -

. . s NoasA by e s e

In order to demonstrate the feasibility of the ultrasonic examination process, qualify the technique,
and verify the capability for detecting and sizing any observed indications, the mockup will be

implanted with flaws which represent the following conditions:

. Crack 0.05" to 0.25" deep and 0.5" long at the weld joint extremes 10 assure that the weld
volume can be adequately examined - (Flaws 1-7, 8-13, 14-19 and 20-25).

. Cracks 0.3",0.4", and 0.5" deep and 0.5" long at the weld centerline to provide confidence
that large flaws can be detected and sized - (Flaws 28-30).

. Welding defects which represent slag (0.1" deep x 0.5" long) and lack of fusion including
lack of fusion resulting from weld starts and stops (0.1" t0 0.3" deep x 0.375" long) - (Flaws
26, 27 and 31-33).
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Appendix C describes the flaws which will be implanted in the mockup for use in demonstrating the
feasibility and performing the process qualification for ultrasonic examination of the final structural

lid weld.

Appendix C identfies the defects (size, orientation, and location) which the Owners Group intends
to incorporate in the Palisades mockup, for use in volumetric examinations, feasibility
d=monstrations and process qualification. Multiple flaw configurations (e.g., paralle! flaws in either
planar or laminar orientations) are not expressly included in the mock-up, because of the large
number of such hypothetical combinations. For evaluation purposes, multiple flaws will be

combined in accordance with Section XI proximity rules.

The allowable flaw sizes comaincd in Tables 3 and 4 are presented as circumferentially oriented
defects. The allowable flaw depth are also conservatively applicable to flaws oriented transverse to
the weld direction. Circumnferentially oriented flaws are more significant with regard to structural
adequacy and are not inherently limited in length, as are transverse flaws due to the structural
constraints of the geometry. Flaws oriented radially into the shell will not degrade the integrity of

the weld, and are not considered here.

8.0 CONCLUSIONS

This analysis has shown that flaws with depths greater than those which could have been missed
during original weld examination can be accepted under the criteria of ASME Section XI, with a
conservative set of assumptions. These results are generic and conservative in nature. Specific flaws
exceeding the criteria developed in this calculation could potentially be accepted based upon more

detailed analyses and less conservative materials properties on a case-by-case basis.

We recommend that the above results be used as the basis for establishing methods for qualifying
volumetric examination techniques for these welds, and for imtial screening of results of field

examinations.
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Table 1
TABLE 11.2-1
SUMMARY OF STRESSES (ksi) IN THE MSB RESULTING FROM
THE HYPOTHETICAL HORIZONTAL DROP
:. ASME
Composent Drop Dead WL* Thermal Pressure Total Allowable
Bouom Plawe | A 24 N/A N/A 0.06 295 90
ELYE, o W 405 13.5
Shell P 259 NIA N/A 01 260 90
P+ P 78 12 730 7S
Structural P 26 N/A NIA 00 26 490
Lid P+ P Q9 04 433 735
Shicld Lid P, 24 N/A N/A 0.0 24 49.0
’; " '. 2056 a0 206 735
Rouos Weid v, 259 N/A N/A 02 21 90
P +P, “s 1.7 %3 7.5
Top Weld | 71 N/A NIA .06 72 Jog
PP Q@9 04 413 §5.4
Shicld Lid P 9.1 N/A N/A 02 93 Jo.N
Weld P.*D 206 N/A N/A 08 214 55.1
* Dead weight is included in the drop load.
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TABLE ).4-%

MSB MAXIMUM STRESS EVALUATION

B et ) v S:-ecses CALCULATZD VALt KS[*
Y vE
WHIGHT PRESIURE THERMAL HANBLNG TTAL -
3 0.1 0.1 N/A 0.9 L1 0.8
MSB Shel P o P, 01 1.2 N/A 2 3.7 ks
P+Q 0.1 13 1.0 24 47 615
Botom P, 0.02 0.06 N/A 1.0 11 20.5
Plate P+ P, 0.02 L7 N/A 13 32 0.7
P+Q 0.0 1.7 194 13 2s A1 8
Top Lid P, 0.0 0.0 N/A 0.1 0.4 205
P+Q 0.0 04 02 02 08 61.5
Bottom-to- - 0.1 02 N/A 09 i3 0.5
Shedl P +P, 01 L7 N/A 15 33 30.7
Tunction P+Q 0.1 1.7 1.5 15 48 615
p-to-sheil P. 0.0 0.06 N/A 02 03 154
_unction P +P, 0.0 0.4 N/A 02 05 2.1
P+Q 0.0 04 0.4 02 1.0 4.1
i Sieeve P. 0.0 N/A NIA 18 19 205
Assermbly P+ P, 0.08 N/A NIA 21 22 30.7
P+Q Q.08 NIA 520 21 542 61.5
Shield Lig- B 03 02 N/A 03 08 154
0-Shell P +P, 03 0s N/A 0.4 15 3.1
Weld P+Q 3 08 13 04 28 4.1
Shield Lid P. 04 N/A N/A a3 a7 15.4
Support P.+P e NIA N/A 3 a7 2.1
RogWed P+Q - 04 N/A 00 03 a7 %1
. Vaiues shown are maximums irrespeczve of location
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Table 3

Projected Charpy Data and Allowable Surface Flaw Sizes

Charpy Charpy | Charpy @ Allowable
Plant Identifier Percent @-50°F @ O°F 0°F KID Depth
Shear Average | Predicted Actual @ O°F (360°)
(If Surface
Available)
WP-18P4(18-8) (GMAW)
Weld NA 28 554 NA 89.6 0.18
Base 18-8 NA 4] 68 .4 NA 99.6
Point Beach HAZ 18-8 NA 87 114 4 NA 128.8
PQR-WP-17 (SMAW)
Weld NA %4 1114 NA 127.1
Base NA 40 674 NA 98.9
HAZ NA 137 164 4 NA 154 4
OO e
Weld 58 55 82.4 NA 109.3
HAZ 70 80 107 .4 NA 124 8
ANO Base 13 33 60.4 NA 93.6 0.20
PQR-398R 1 (SMAW)
Weld 50 7 104 .4 NA 123.0
HAZ 40 70 97.4 NA 118.8
Base 20 43 70.4 NA 101.0
Weldstar 467H NA 84 111.4 NA 127.1
ESAB 41323 40 60 87.4 117 112.6
ESAB 37962 27 55 82.4 96 109.3
ANO ESAB 2AS505A02 50 94 121.4 NA 132.7
ESAB 2H408A03 43 96 1234 NA 133.8
ESAB 2E426G02 63 103 1304 NA 137.5
ESAB 2K407HO3 70 122 149 4 NA 147.2
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Table 3 (continued)
Charpy Charpy Charpy @ Allowable
Plant Identifier Percent @-50°F @ O°F 0°F KID Depth
Shear Average | Predicted Actual @ 0°F 1360°)
(If Surface
Available)
Alloy Rods 32039 20 56 834 91 110.0 0.24
ESAB 38380 56 99 126.4 135 1354
ESAB 51122 60 82 109 4 115 125.9
PQR-SM-LID-D (SMAW)
Base NA 60 87.4 NA 112.6
Weld NA 130 157 4 NA 151.1
HAZ NA 123 150 4 NA 147.7
PQR-SM-LID-C (SMAW)
Base NA 70 97 4 NA 118.8
Weld NA 92 1194 NA 131.6
HAZ NA 112 139.4 NA 1422
Palisades PQR-FC-LID (FCAW) it il
tase \ VA 8 I 84 NA 111.3
Weld NA 69 96 .4 NA 118.2
HAZ NA 141 168 4 NA 156.3
PQR-FC-LID (FCAW)
Base NA 64 914 NA 115.1
Weld NA 91 118.4 NA 131.0
HAZ NA 158 185 .4 NA 164.0
Min Specified | Base and Weld NA 15 42.4 NA 78.4 0.15
(15 ft-1b @ -50°F)
Note: 1. The line labeled “"Min Specified" represents calculation results based on 15 ft-1b
absorbed energy at -50°F.
r All Charpy data represents average results.
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Projected Charpy Data and Allowable Subsurface Flaw Sizes

! | Charpy | Charpy Chi a | Allowable
Identifier | Percent 2.5 | @ 0°F D {)(';“h

160

| Shear | Average | Predicted

-

| WP-18P4(18-8) (GMAW) |
Weid
Base 18-8
HAZ 18-85
POR-WP-17 (SMAW)
Weld
Base
HAZ
LAIN-ITY (LAWY
Weld
HAZ
L Base
| PQR-398R | (SMAW)
{ Weld
HAZ
Base
Weldstar 467H
| ESAB 41323
| ESAB 37962
ESAB 2AS505A02
ESAB 2H408A03
ESAB 2E426G02
ESAB 2K407HO03

.

—

]

|
1

— 44— 4

+— —t
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| PQR-SM-LID-C |
Base ‘ !
| Weld - 92
e . e e e et e 8 e St
HAZ NA | |2 ‘ : NA
{ . A~ x
| PQR-FC-LID (F( ‘
L Wasc
Weld
HAZ
| PQR-FC-LID
| EQR-FC-LII
| Base
Weld
HAZ

R .

Min Specified | Base and Weld
| (15 ft-lb @ -50°F)

apn .

—y

For subsurface

defects at weld mid wall depth, the allowable through-wall d

imension
of the defect is generally twice the allowable surface flaw dimension for the
corresponding case

T'he line labeled "Min Specified” represents calculation results based on
absorbed energy at -50°F

All Charpy data represents average results
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0 = CotC X+ C XM Gy X

— X
REQUIRED INPUTS:
t. wall thickness
2 maximum crack depth (3 < 0.81)

Figure 3. Single Edge Cracked Plate - LEFM Crack Model

Revision 1

Preparer/Date {/J 12/ ,/

Checker/Date ‘/_ ‘ ﬂ /”

File No. CPC-06Q-301 Page 21 of 28




ALLOWABLE SURFACE FLAW SIZE

FLAW DEPTH VERSUS LENGTH
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ALLOWABLE SURFACE FLAW SIZE

FLAW DEPTH VERSUS LENGTH
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Figure 4b
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ALLOWABLE SURFACE FLAW SIZE

FLAW DEPTH VERSUS LENGTH
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REQUIRED INPUTS
b. plate half width
4 MAXIIUM Crack GePU (A, S U.YD)

Figure 6. Center Cracked Plate under Remote Tension Stress - LEFM Crack Model
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tm
pc-CRACK for Wirdows
Version 3.0, Mar. 27, 1997
\=; Copyright 'B4 -~ '97

Structural Integrity Associates, Inc.

3315 Almaden Expressway, Suite 24
San Joze, CA 95118-1557
Voice: 408-978-8200
Fax: 408-978-8964
E-mail: info@structint.com

Linear Elastic Fracture Mechanics
Date: Tue Dec 16 10:49:01 1997
File: SURFANO.LFM
Title: CPC-06Q: Allowable flaw size determination

Loaa Cases:

Case: residual --- Stress Distribution

Depth Stress

0.0000 30.0000

0.1500 0.0000

0.3000 -15.0000

0.4500 -12.0000

0.6000 -2.0000

0.7500 10.0000

Stress Coefficients
Case ID co Cl c2 C3 Type
normal ] 0 0 0 Coeff
drop 43.3 0 0 0 Coeff
residual 30.3653 -287.02 548.501 -268.861 StressDist
Crack Model: Single Edge Cracked Plate
Crack Parameters:
Plate width: 0.7500
Max. crack size: 0.5900
-------------------- Stress Intensity Factof--r=crrenvcccncncn~e
Crack Case Case Case
CPl-060.-32 Al/s}




Size normal drop residual

i 0.0118 0.418% 9.06053 5.92216
| i 0.0236 0.598275 12.9526 7.87386
| 0.0354 0.740604 16.0341 9.04405
3 0.0472 0.864264 18.7113 9.76808
| 0.0590 0.976436 21.1398 10.1856
0.0708 1.08076 23.3985 10.3735

| 0.0826 1.19487 25.8688 10.5748
} 0.0944 1.31592 28.4897 10.7542
| 0.1062 1.43664 31.1033 10.827
| 0.1180 1.55746 33.719 10.8063
| 0.1298 1.67869 36.3436 10.7022
0.1416 1.80055 38.982 10.5229

| 0.1534 1.92952 41.7741 10.3067
| 0.1652 2.07603 44.9461 10.0972
} 0.1770 2.22516 48.1746 9.81596
| 0.1888 2.37689 51.4597 9.46745
0.2006 2.53123 54.8011 9.05601

V.21e4 Z.b8815 Su.1l98s 8.58594

0.2242 2.84764 61.6514 8.0615

| 0.2360 3.04756 65.9797 7.56107
| 0.2478 3.2547 70.4642 6.97506
| 0.2596 3.46627 75.0447 6.2977
0.2714 3.68219 79.7194 5.53033

0.2832 3.90237 84.4862 4.67451

0.2950 4.12673 89.3436 3.73199

0.3068 4.4086 95.4461 3.13246

0.3186 4.73656 102.546 2.78244

0.3304 5.07193 109.807 2.37727

o 0.3422 5.41456 117.225 1.92303
0.3540 5.76429 124.797 1.42617

0.3658 6.12101 132.52 0.893474

0.3776 6.51287 141.004 0.402307

0.3894 7.0141 151.855 0.106159

0.4012 7.52584 162.934 -0.256648

0.4130 8.0479 174.237 -0.6781

0.4248 8.5801 185.759 -1.14987

0.4366 9.12225 197.497 -1.66333

0.4484 9.6742 209.446 -2.20947

0.4602 10.5138 227.623 -2.82647

0.4720 11.4141 247.114 -3.62191

0.4838 12.3317 266.982 -4.59183

0.4956 13.2665 287.219 -5.72798

0.5074 14.21¢ 307.821 -7.02199

0.5192 15.1862 328.781 -8.46527

0.5310 16.666€ 360.831 -10.603

0.5428 18,6587 403,961 ~13.5771

0.5546 20.688 447.809¢ -16.€.18

i FC'C‘.‘C\'SC!



0.5664
0.5782
0.5900

Material fracture toughness:

22.7538
24.8556
26.993

Material ID: ANO-min

Depth Klc
0.0000 66.0000
0.3750 66.0000
0.7500 66.0000

Load combination for critical crack size:

492.62
228.128
£84.397

Load Case Scale Factor
drop 1.0000
Lesidual l.330U
Crack Total
Size K Klec
0.0118 16.937 66
0.0236 23.4249 66
0.0354 28.0627 66
0.0472 31.7029 66
0.059 34.6867 €6
0.0708 37.1953 66
0.0826 39.9333 66
0.0944 42.7928 66
0.1062 45.5032 66
0.118 48.0913 66
0.1298 50.577% 66
0.1416 52.9774 66
0.1534 55.482 66
0.1652 58.3753 66
0.13717 61.2298 66
0.1888 64.0514 66
0.2006 66.8456 66
0.2124 69.6178 66
0.2242 2.37%2 66
0.236 76.0359 66
0.2478 79,741 €6
0.2596 83.4207 €6
0.2714 87.0747 66
0.2832 90.7033 (33
0.295 94.3072 €6

CPC-CLQ -3¢

-20.4879
-24.3654
~28.4845

A"{// g 2




.3068
.3186
.3304
. 3422
0.354
0.3658
0.3776
0.3894
0.4012
0.413
0.4248
0.4366
0.4484
0.4602
0.472
0.4838
0.4956
0.5074
0.5192
0.831
.QisQ
. 5546
.5664
.5782
0.59

OO 0O

20D

99.6123

106.
312

9.783

.
- .

126.
331,
141.
151.
162.
T3,

247
969

694
708
539
996
$93
335

184.23

19%.
206.
223,
242.
260.
279.
298.
137,
346.
J0J.
425.
465.
505.
546.

285
508
864
297
874
601
481
522
729
S AVE |
443
371

19
813

Critical crack size =

CF

(-GG -3 ¢

66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
00

66

€6
66
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Size normal drop residual
0.0118 0.418% 9.06283 5.92216
0.0236 0.598275 12.9526 7.87386
0.0354 0.740604 16.0341 9.04405
0.0472 0.864264 18.7113 9.76808
0.0590 0.97643¢6 21.1398 10.1856
0.0708 1.08076 23.3985 10.3735
0.0826 1.19487 2%.8688 10.5748
0.0944 1.31592 28.4897 10.7542
0.1062 1.43664 31.1033 10.827
0.1180 1.55746 33.719 10.8063
0.1298 1.67869 36.3436 10.7022
0.1416 1.80055 38.982 10.5229
0.1534 1.92952 41.7741 10.3067
0.1652 2.07603 44,9461 10.0972
0.1770 2.22516 48.1746 9.81596
0.1888 2.37689 51.4597 9.46745
0.2006 2.53123 54.8011 9.05601
v.21424 Z.688.)0 54,1983 8.585Y4
0.2242 2.84764 61.6514 8.0615
0.2360 3.04756 65.9797 7.56107
0.2478 3.2547 70.4642 €.97506
0.2596 3.46627 75.0447 6.2977
0.2714 3.68219 79.719%4 5.53033
0.2832 3.90237 84.4862 4.67451
0.2950 4.12673 £9.3436 3.7319%
0.3068 4.4086 95.4461 3.13246
0.3186 4.73656 102.546 2.78244
0.3304 5.07193 109.807 2. 327
0.3422 5.41456 117.22% 1.92303
0.3540 5.76429 124.797 1.42617
0.3658 6.12101 132.%2 0.893474
0.3776 6.51287 141.004 0.402307
0.3894 7.0141 151.855 0.106159
0.4012 7.52584 162.934 -0.256648
0.4130 8.0479 174.237 -0.6781
0.4248 8.5801 185.759 -1.14987
0.4366 9.12225 197.497 -1.66333
0.4484 9.6742 209.446 -2.20947
0.4602 10.5138 227.623 -2.82647
0.4720 11.4141 247.114 -3.62191
0.4838 12.3317 266.982 -4.59183
0.4956 13.2665 287.219 -5.72798
0.5074 14.218 307.821 -7.02199
0.5192 15.1862 328.781 -8.46527
0.5310 16.6666 360.831 -10.603
0.5428% 18.6587 403.9¢€1 «13.5771
0.5546 20.688 447.895 -16.8818

CFC-CLG -3¢



0.5664
0.5782
0.5900

" Material fracture toughness:

22.7538
24.8556
26.993

Material ID: PB-min

Depth Klc
0.0000 63.0000
0.3750 63.0000
0.7500 63.0000

Load combination for critical crack size:

Load Case Scale Factor
drop 1.0000
bCDavua L J...)Juu‘
Crack Total
Size K Klc
0.0118 16.937 63
0.0236 23.4249 63
0.0354 28.0627 63
0.0472 31.7029 63
0.059 34.6867 63
0.0708 37,1953 63
0.0826 39.9333 63
0.0944 42.7928 63
0.1062 45.5032 63
0.118 48.0913 63
0.1298 50.5775 63
0.1416 52.9774 63
0.1534 55.482 63
0.1652 $8.3753 63
B.177 61.2298 63
0.1888 64.0514 63
0.2006 66.8456 63
0.2124 69.6178 63
0.2242 22.3732 63
0.236 76.0359 63
0.2478 79.741 63
0.2596 83.4207 €3
0.2714 87.0747 63
C.2832 90.7033 &2
0.295% 94,3072 €3
F(-Cb >¢

NN
w b O

!



0.3068
0.3186
0.3304
0.3422
0.354
0.3658
0.3776
0.3894
0.4012
0.413
0.4248
0.4366
0.4484
0.4602
0.472
0.4838
0.4956
0.5074
0.5192
0.53
0.5428
0.5546
0.5664
0.5782
0.59

Critical crack

99.6123

106.
& & 38
119.
126.
133.
141,
. 996
162,
173.

151

247
969
783
€94
708
539

593
33%

184.23

195.
206.
223.
242.
260.
279,
298,
Nn.

285
508
Bt 4
297
874
601
481
522

346.729
385.904

425,
465.
505.
546.

443
371
719
513

size =

0.1843

C PC-cbQ - 30|

63
63
63
63
63
63
63
63
63
63
63
63
63
63
63

63
63
63
63
63
63
63
63
63



Date: Tue
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pc~CRACK for Windows
Version 3.0. Mar. 27, 1997
C) Copyright '84 - '97
Structural Integrity Associates, Inc.
3315 Almaden Expressway, Suite 24
San Jose, CA 95118-1557
Voice: 408-978-8200
Fax: 408-978-8964
E-mail: info@structint.com

Linear Elastic Fracture Mechanics

Dec 16 10:52:09 1997

File: SURFSPEC.LFM

Titlas: C2C

Load Cases

~-06Q: Allowable flaw size determination

.

A

Case: residual --- Stress Distribution

Depth Stress
0.0000 30.0000
0.1500 0.0000
0.3000 -15.0000
0.4500 -12.0000
0.6000 -2.0000
ke 0.7500 10.0000

Stress Coefficients

Case 1D co Ccl c2 C3 Type
normal 2 0 0 0 Coeff
drop 43.3 0 0 0 Coeff
residual 30.3653 -287.02 548.501 ~268.861 StressDist

Crack Model: Single Edge Cracked Plate

Crack Parameters:

Max. crack

Plate width: 0.7500
size: 0.5%900
-------------------- Stress Intensity Factor----==crececcccccccana
Case Case Case

Alc/}‘B




Size normal drop residual
0.0118 0.418% 9.060583 $.9221%6
0.0236 0.598275 12.9526 7.87386
0.0354 0.740604 16.0341 9.04405
0.0472 0.864264 18.7113 9.76808
0.0590 0.976436 21.139%98 10.1856
0.0708 1.08076 23.3985 10.373%
0.0826 1.19487 25.8688 10.5748
0.0944 1.319%92 28.4897 10.7542
0.1062 1.43664 31.1033 10.827
0.1180 1.55746 33.719 10.8063
0.1298 1.67869 36.3436 10.7022
0.1416 1.80055 38.982 10.5229
0.1534 1.92952 41.7741 10.3067
0.1652 2.07603 44.9461 10.0972
0.1770 2.22516 48.1746 9.81596
0.1888 2.37689 51.4597 9.46745
0.2006 2.53123 54.8011 9.05601
U.Z144 Z.0BBLY 58.1985 H.58594
0.2242 2.84764 61.6514 8.0615
0.2360 3.04756 65.9797 7.56107
0.2478 3.2547 70.4642 6.97506
0.259%6 3.46627 75.0447 6.2977
0.2714 3.68219 79.7194 5.53033
0.2832 3.90237 84.4862 4.67451
0.2950 4.12673 89.3436 3.73199
0.3068 4.4086 95.4461 3.13246
0.3186 4.73656 102.546 2.78244
0.3304 5.07193 109.807 2.37727
0.3422 5.41456 117.22% 1.92303
0.3540 5.76429 124.797 1.42617
0.3653 6.12101 132.52 0.892474
0.3776 6.51287 141. )04 0.402307
0.3894 7.0141 151,855 0.106159
0.4012 7.52584 162.934 -0.256648
0.4130 8.0479 174.237 -0.6781
0.4248 8.5801 185.759 -1.14987
0.4366 9.12225 197.497 -1.66333
0.4484 9.6742 209.446 -2.20947
0.4602 10.5138 287.823 -2.82647
0.4720 11.4141 247.114 -3.62191
0.4838 12.3317 266.982 -4,59183
0.495¢6 13.2665 287.219 -5.72798
0.5074 14.218 307.821 -7.02199
0.5192 15.1862 328.781 -B8.46527
0.5310 16.6666 360.831 -10.603
0.5428 18.6587 403.961 -13,5771
0.5546 20.688 447.895% -16.8818







.3068
.3186
.3304
. 3422
0.354
0.3658
0.3776
0.3894
0.4012
0.413
0.4248
0.4366
0.4484
0.4602
0.472
0.4838
0.4956
0.5074
0.5192
0.8531
U.o4¢l
0.5546
0.5664
0.5782
0.59

OO0 OO

99.6123

106

12
- &

.247
+12.
+19.783
. 694
233
i41.
391,
162.
27125

969
783

708
539
996
993
335

184.23

195.
206.
223.
242.
260.
279.
298,
i,
346.
485,
425.
465.
505.
546.

285
508
864
297
874
601
481
522
729
wu4
443
371
719
513

Critical crack size =
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Structural Integrity Associates,
3315 Almaden Expressway, Suite 24

San Jose,

Voice:
Fax:

E-mail:

CA 95118-1557
408-978-8200
408-978-8964

Inc.

info@structint.com

Linear Elastic Fracture Mechanics

Date: Tue Dec 16 10:52:56 1997
SURFPAL.LFM

File

Title:

Loaa Lases: .

CPC-06Q: Allowable flaw size determination

Case: residual --- Stress Distribution
Depth Stress

0.0000 30.0000

0.1500 0.0000

0.3000 -15.0000

0.4500 -12.0000

0.6000 -2.0000

0.7500 10.0000

Stress Coefficients

Case ID co Cl Cc2 C3 Type
normal 2 0 0 0 Coeff
drop 43.3 0 0 0 Coeff
residual 30,3653 -287.02 548.501 ~268.861 StressDist

Crack Model: Single Edge Cracked Plate

Crack Parameters:

Plate width: 0.7500
Max. crack size: 0.5900
Crack Case

4

Pc-0bG -30 1

Stress
Case

Intensity Factor
Case

- -

Ar/53




Size normal drop residual
0.0118 0.4.85 9.06053 $5.92216
0.0236 0.598275% 12.9526 7.87386
0.0354 0.740604 16.0341 9.04405
0.0472 0.864264 18.7113 9.76808
0.0590 0.976436 21.1398 10.1856
0.0708 1.08076 23.3985 10.373%
0.0826 1.19487 25.8688 10.5748
0.0944 1.31%92 28.4897 10.7542
0.10¢2 1.43664 31.1033 10.827
0.1180 1.55746 33.719 10.8063
0.1298 1.678€9 36.3436 10.7022
0.1416 1.800%55 38.982 10.5229
0.1534 1.92952 41.7741 10.3067
0.1652 2.07603 44.94¢1 10.09872
0.1770 2.22516 48.1746 9.81596
0.1888 2.37689 51.4597 9.46745
0.2006 2.93123 54.8011 9.05601
V.ecdin &.08810 20,4980 0.20294
0.2242 2.84764 61.6514 8.0615
0.2360 3.04756 65.9797 7.56107
0.2478 3.2547 70.4642 6.97506
0.2596 3.46627 75.0447 6.2977
0.2714 3.68219 79.7194 5.53033
0.2832 3.90237 84.4862 4.67451
0.2950 4.12673 89.3436 3.73199
0.3068 4.4086 95.4461 3.13246
0.3186 4.73656 102.546 2.78244
0.3304 5.07193 109.807 2.371737
0.3422 5.41456 117.225 1.92303
0.3540 5.76429 124.797 1.42617
0.3658 6.12101 132.52 0.893474
0.3776 6.51287 141.004 0.402307
0.3894 7.0141 151.88% 0.106159
0.4012 7.52584 162.934 ~-0.256648
0.4130 8.0479 174.237 -0.6781
0.4248 8.5801 185,759 -1.14987
C.4366 9.12225 197.497 -1.66333
0.4484 9.6742 209.44¢ -2.20947
0.4602 10.5138 227.623 -2.82647
0.4720 11.4141 247.114 -3.62191
0.4838 12.3317 266.982 -4.59183
0.4956 13.2665 287.219 -5.72798
0.5074 14.218 307.821 -7.02199
0.5192 15.1862 328.781 -8.46527
0.5310 16.6666 360.821 -10.603
0.5428 18.6587 403.9¢1 -13.5771
0.554%6 20.688 447.825 -16.8818

e Pl-cL~3C]

A/S/SB



0.5664 22.7538 492.62 -20.4879
0.5782 24.8556 $38.125 -24.2654
0.5900 26.993 584,397 -28.4845%

Material fracture toughness:

Material ID: PAL-min

Depth Klc
0.0000 78.0000
0.3750 78.0000
0.7500 78.0000

Load combination for critical crack size:

Load Case Scale Factor
drop l.OOOQ‘

Crack Total
Size K Klc
0.0118 16.937 78
0.0236 23.4249 78
0.0354 28.0627 78
0.0472 31.7029 78
0.059 34,6867 78
0.0708 37.1953 78
0.0826 39.9333 78
0.0944 42,7928 78
0.1062 45.5032 78
0.118 48.0913 78
0.1298 50.577% 78
0.1416 52.9774 78
0.1534 55.482 78
0.1652 58.3753 78
2.177 €1.2298 78
0.1888 64.0514 78
0.2006 66.8456 78
0.2124 69.6178 78
0.2242 72.3732 78
0.236 76.0359 78
0.2478 79.741 78
0.2596 83.4207 78
0.27148 87.0747 78
0.2832 90,7033 78
0.295 94,3072 78









Size normal drop residual
0.00867 0.29213 6.30604 4.3227
0.0135 0.412197 8.92407 6.25825
0.0202 0.505322 10.9402 7.67213
0.0270 0.584283 12.6497 8.87096
0.0337 0.654384 14.1674 9.93529
0.0405 0.718372 15,5527 10.9068
0.0472 0.77789% 16.8414 11.8105
0.0540 0.834048 18,0871 12.6631
0.0607 0.887603 19.2166 13.4762
0.0675 0.95514 20.3324 14.2586
0.0742 0.989108 21.4142 15.0173
0.0810 1.03787 22.4699 15.7576
0.0877 1.08573 23.5061 16.4842
0.0945 1,1329% 24.5284 17.2012
0.1012 1.17976 25.5418 17.9119
0.1080 1.22636 26.5506 18.6194
0.1147 1.27294 27.5591 19.3266
0.121% 1.31968 28.571 20.0362
0.1282 1.36675 29.%9 20.7508
0.1350 1.41431 30.6199 21.473
0.1417 1.46255 31.6642 22,2054
0.1485 1.51162 32.7265% 22.9503
0.1552 1.56169 33.8106 23.7106
0.1620 1.61296 34.9206 24.489
0.1687 1.66561 36.0604 25.2883
D.17865 1.71984 37.235 26.1117
0.1822 1.77587 38.4477 26.9625
0.189%0 1.8339% 39.708%1 27.8443
0.1957 1.89434 41.0125 2B.7611
0.2025 - 1.,99732 42.3761 29.7174
0.2092 2.02323 43.803 30.7181
0.2160 2.09244 45.3013 31.7687
0.2227 2.1653% 46.8798 32.8757
0.2295 2.24245 48.5491 34.04¢64
0.2362 2.32429 50.321 35.289
0.2430 2.41152 52.209% 36.6133
0.2497 2.5049 54.231 38.031
0.2565 2.60531 56.405 39.5556
0.2632 2.71385 58.7549 41.2035
0.2700 2.83183 61.309 42.9946
0.2767 2.96084 64.1022 44,9534
0.2835 3.10291 67.1781 47.1105
0.2802 3.26058 70.5916 49.5043
0.2970 3.43714 74.4141 52.1849
0.3037 3.63692 78.7393 55.2181
0.310% 3.86578 83.6942 58.6928
B.3172 4.13189 89.4555 62.7331

C f"c.’\‘:c A ]

A9 2

wAJ




0.3307 4.82904 104.549% 3
0.337% %.30639% 114,883 80

......

0.3240 4.44704 96.2784 67.5179

Material fracture toughness:

Material ID: PAL-min

Depth Klc
0.0000 768.0000
0.375%0 78.0000
0.7500 78.0000

Load combination for critical crack size:

Lead Case Scale Factor

drop 1.0000,

residual 1.3300°

Crack Total

Size K Klc
0.00675 12.1888 78
0.0135 17.2475 78
0.02025 21.1441 78
0.027 24.4481 78
il 0.03375 27.3814 18
3 0.0405 30.0588 78
0.04725 32.5494 78
0.054 34.899 78
0.06075 37.139%99 78
0.0€75 39.2964 78
0.07425 41.3872 78
0.081 43.427¢6 78
0.08775 45.4303 78
0.0945 47.4061 78
0.10125 49.3646 78
0.108 51.3144 78
0.11475 53.2634 78
0.121% 55.2191 78
0.12825 57.1886 78
0.135 59.179 78
0.1417% 61.1973 78
0.1485 63.2504 78
0.1552% 65.3458 78
0.162 €7.491 78
0.16875 69.6939 7

W/
wJ



0.1755 71.963) 78

0.18225% 74,3078 7
0.189 76.738 78
0.1957% 76.2647 78
0.202% 81.9002 78
0.20925 44,6581 78
0.216 87.5537 78
0.2227% 90.6046 78
0.229% 93.8307 78
0.23625 97,2553 78
0.243 100.905 78
0.24975 104.812 78
0.2565% 109.014 78
0.26325% 113.556 18
0.27 118.492 78
0.27675% 123.89 78
0.2835 129.835 78
0.2902% 136.432 78
0.297 143.82 78
0.30375 152,179 ) 78
0.3105 161.756 " 78
0.31725 172.891 78
0.324 186.077 78
0.3307% 202.061 78
0.337% 222.035% 78
Critical crack size = 0.1925

( PC- OkB -3 A2l /5
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Verrion 3.0, Mar. 27, 1997
C) Copyright '84 - '97
Structural Integrity Associates, Inc
3315 Almaden Expressway, Suite 24
San Jose, CA 95118~15%7
Voice: 408-978-8200
Fax: 408-978-89¢€4
E-mail: info@structint.com
Linear Elastic Fracture Mec ainics
Date: Tue Dec .16 14:01:43 1997
File: SUBANO.LFM
Title: CPC-06Q: Allowable flaw size determination
Loada Cases: G
Case: residual ~-~- Stress Distribution
Depth Stress
0.0000 30.0000
0.1500 0.0000
0.3000 -15.0000
0.4500 ~12.0000
0.6000 -2.0000
0.7500 10.0000
Stress Coefficients
Case ID co Cl c2 c3 Type
normal 2 C J 0 Coeff
drop 43.3 0 0 0 Ceoeff
residual 30.3653 ~-287.02 548.501 -268.8¢61 StressDist
Crack Model: Center Cracked Plate Under Remote Tension Stress
Crack Parameters:
Plate Half Width: 0.3750
Crack depth: 0.3373
-------------------- Stress Intensity Factor«~-reronconvcvonnnns
Crack Case Case Case
CEL»Clo =&

g -
2
~J
\

wn

Ly



-

Size normal drop residual
0.C0867 0.2913 6.3C06¢04 4.4227
0.0135 0.412197 8.92407 €.25825
0.0202 0.50%322 10.9402 7.87213
0.0270 0.584283 12.6497 8.87096
0.0337 0.654384 14.1674 9.93529
0.0405% 0.718372 15.3537 10.9068
0.0472 0.777895 16.8414 11.8105%
0.0540 0.834048 18.0571 12.6631
0.0607 0.887603 19.21¢66 13.4762
0.067% 0.93914 20.3324 14.2586
0.0742 0.989108 21.4142 15.0173
0.0810 1.03787 22.4699 15.7576
0.0877 1.08573 23.5061 16.4843
0.0945 1.13295% 24.5284 17.2012
0.1012 1.1797¢6 25.5418 17.9119
0.1080 1.2263€ 26.5506 18.6194
0.1147 1.27294 27.5%991 19.3266
V.4410 l.31906H Z8.5171 ZU. 0364
0.1282 1.36675 29.59 20.7508
0.1350 1.41431 30.6199 21.473
0.1417 1.46255 31.6642 22.2054
0.1485 1.51162 32.7265 22.9503
0.1552 1.56169 33.8106 23.7106
0.1620 1.61296 34.9206 24.489
0.1687 1.66561 36.0604 25.2883
0.1755% 1.71984 37.2345 26.1117
0.1822 1.77587 38.4477 26.9625
0.1890 1,83395 39.7051 27.8443
0.1957 1.89434 41.0125 28.7611
0.2025 1.95732 42.3761 29.7174
0.2092 2.02323 43.803 30.7181
0.2160 2.09244 45,3013 31.7687
0.2227 2.16535 46.8798 32.8757
0.2295 2.24245 48.5491 34.0464
0.2362 2.32429 50.321 35.289
0.2430 2.41152 52.2095%5 36.6133
0.2497 2.5049 54.231 38.031
0.2565 2.60531 56.405 39.5556
0.2632 2.71385 58.754° 41.2035
0.2700 2.83183 61.309 42.994¢6
0.2767 2.96084 64.1022 44,9534
0.2835 3.10291 67.1781 47.1105
0.2902 3.26058 70.5916 49.5043
0.2%70 3.43714 74,4141 52.1849
0.3037 3.63692 78.7393 $5.2181
0.310% 3.86578 B3.6942 58.6928
0.3172 4.13189 89.455% 62.7331

CPC-CLG -3Ci




. 3240

. 3307
is3Te

OO0 0O

4.44704 96.2784
4.82904 104.549
%.30€39 114.883

" Material fracture toughness:

Material ID: ANO-min

Depth Klc
0.0000 66.0000
0.3750 66.0000
0.7500 66.0000

Load combination for critical crack size:

Load Case Scale Factor
drop 1.0000
residual 1.23300"
Crack Total
Size K Klc
0.00675 12.1888 66
0.0135 17.2475% 66
0.02025% 21.1441 66
0.027 24.4481 66
~ D.0337% 27.3814 66
0.0405 30.0588 66
0.04725 32.549%4 66
0.054 34.899 66
0.06075 37.1399 66
0.0675 39.2964 66
0.07425 41.3872 66
0.081 43.4276 €6
0.08775 45.4303 66
0.0945 47.4061 66
0.10125% 49.3646 66
0.108 51.3144 66
0.1147% 53.2634 66
0.121% 95.2191 66
0.12825 57.1886 66
P.135 59.179 €6
0.1417% €1.1973 66
0.1485 63.2504 66
0.1552% 65.3458 66
0.162 67.491 66
0.16875 69.6939 66
Cryc_c-"'b\~§".'l
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0.175%
0.18225
0.189
€.19575
0.2025%
0.2092%
0.216
0.2227%
0.2295
0.23625
0.243
0.24975
0.2565
0.26325
0.27
0.27675
0.2835
0.29025
0.297

n. 3IN37%
0.3105
0.31725
0.324
0.33075
0.337%

1.
74.

76
81.
84.
87.
90.
93,
97

12
129
136

14
162

161.
172.
186.
202.
222.

9631
3078

738

9.2847

9002
6581
8537
6046
8307

2953
100.
104.
109.
133,
118.

905
812
014
556
492
3.89
.835
.432
3.82
179
756
891
077
061
035

Critical crack size =

0.1574

66
€6
66
66
66
66
66
66
€6
66
66
€6
66
66
66
66
66
¥
66
66

66
66
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pc-CRACK for Windows
Version 3.0, Mar. 27, 1997

(C) Copyright '84 = '97

Structural Integrity Asscciates, Inc.
3315 Almaden Expressway, Suite 24

San Jose, CA 95118~1557

Voice: 408-978-8200

Fax: 408-978-P964
E-mail: info@structint.com

Linear Elastic Fracture echanics

Date: Tue Dec 16 14:02:59 1997

File: SUBPB.LFM

Title: CPC-06Q: Allowable flaw size determination
Load Cases: ;

Case: residual --- Stress Distribution

Depth Stress

0.0000 30.0000
0.1500 0.0000
0.3000 =15.0000
0.4500 =-12.0000

Crack Model: Center Cricked Plate Under Remote Tension Stress

Crack Parameters:

: 0.6000 -2.0000
e 0.7500 10.0000
Stress Coefficients
Case ID co Cl 2 C3 Type
normal 2 0 0 0 Coeff
drop 43.3 0 0 0 Costf
vesidual 30.3653 -287.02 548.501 -268.861 StressDist

Plate Half Width: 0.3750
Crack depth: 0.3375
-------------------- Stress Intensity Factor===-sccccmcmmnccnna.
Crack Case Case Case

C PC-0LG - 30|

b 2
I~
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R
\14
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Size normal drop residual
0.0067 0.29.3 6.30€c4 4.4227
0.0135 0.412197 8.92407 6.25825
0.0202 0.505322 10.9402 7.81213
0.0270 0.584283 12.6497 8.87096
0.0337 0.654384 14.1674 9.93529
0.0405 0.718372 15.5527 10.9068
0.0472 0.777895 16.8414 11.8105
0.0540 0.834048 18.0571 12.6631
0.0607 0.887603 19.2166 13.4762
0.0675 0.93%.4 20.3324 14.2586
0.0742 0.989108 21.4142 15.0173
0.0810 1.03787 22.4699 15.7876
0.0877 1.08873 23.5061 16.4843
0.0945 1.1329% 24.5284 17.2012
0.1012 1.17976 25.5418 17.9119
0.1080 1.22636 26.5506 18.6194
0.1147 1.2729%4 27.5591 19.3266
0.1215 1.31968 28.5%1 20.0362
0.1282 1.36675 29.59 20.7508
0.1350 1.41431 30.6199 21.473
0.1417 1.46255 31.6642 22.2054
0.1485 1.81162 32.7265 22.9503
0.1552 1.56169 33.81086 23.7106
0.1620 1.61296 34.9206 24.489
0.1687 1.66561 36.0604 25.2883
0.1755 1.71984 37.2345 26.1117
0.1822 1.77587 38.4477 26.9625
0.1890 1.83395 39.7051 27.8443
0.1957 1.89434 41,0125 28.7611
0.2025 1.95732 42.3761 29.7174
0.2092 2.02323 43.803 30.7181
0.2160 2.09244 45,3013 31.7687
0.2227 2.1653% 46.8798 32.8757
0.2295 2.24245 48.5491 34.0464
0.2362 2.32429 50.321 35.289
0.2430 2.411%2 $2.2095 36.6133
0.2497 2.5049 54.231 38.031
0.2565 2.60531 56.405 39.5556
0.2632 2.71385 58.7549 41.2035
0.2700 2.83183 61.309 42.9946
0.2767 2.96084 64.1022 44,9534
0.2835 3.10291 £7.1781 47.1105
0.2902 3.26058 70.5216 49.5043
0.2970 3.43714 74.4141 $2.1849
0.3037 3.63692 78.7393 $5.2181
0.3105 3.86578 83.6242 $8.6928
0.3173 4.13189 89.455 62,7331
CFL-CL&- 5-
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0.3240
0.3307
03375

L

Material fracture

.44704
.82904

20430

toughness:

Material ID: PB-min

Depth Klc
0.0000 63.0000
0.3750 63.0000
0.7500 63.0000

Load combination for critical crack size:

96.2784
104.54%

114.883

Load Case Scale Factor
drop 1.0000
residual 1.3300°
Crack Total
Size K Klc
0.00675 12.18¢8 63
0.0135 17.2475 63
0.02025 21.1441 €3
0.027 24.4481 63
0.033175 27.3814 63
0.0405 30.0588 63
0.04725 32.5494 63
0.054 34.899 63
0.06075 37.1399 63
0.0675 39.2964 63
0.07425% 41.3872 63
0.081 43.4276 63
0.08775 45.4303 63
0.0945 47.4061 63
0.10125 49.3646 63
0.108 51.3144 63
0.11475 53.2634 63
0.121% $9.2191 63
0.12825 $7.1886 €3
0.13% 58.179 63
0.14175 $1.1973 63
0.1485 63.2504 63
0.1552% 65.3458 63
0.1€2 67.491 €3
0.16875 69.6939 63

C PC~CLG-300
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0.175%
0.18225
0.189
0.1957%

0t B AN

0.2092%
0.216
0. 22275
0.229%
0.23625
0.243
0.24975
0.2565
0.2632%5
0.27
0.27675
0.2835
0.29025
0.297
0.30375
V.31U5
0.31725
0.324
0.33075
0.3375

1.
4.

76.
9,
8l.
84.
817,
90.
93.
e9nd

97

9631
3078
738
2647
9002
6581
3537
6046
8307

100.905
104.812
109.014
113,956
118.492
123.89
129.835
136.432
143.82
152.179
lel. 156
172.891
186.077
202.061
222.035

Critical crack size =

0.1478

€3

63
&3

W 2

- -

63
63
€3
63
63
63
63
63
63
63
€3
63
63
63
63
63
b3
63
63
63
63

A2/ 33






Size normal drop residual
0.0067 0.2913 6.20664 4.4227
0.0135 0.412197 8.92407 6.25825
0.0202 0.505322 10.9402 7.67213
0.0270 0.584283 12,6497 8.87096
0.0337 0.654384 14.1674 9.93529
0.0405 0.718372 15,8537 10.9068
0.0472 0.777895 16.8414 11.8105
0.0540 0.834048 18,0571 12.6631
0.0607 0.887603 19,2166 13.4762
0.0675 0.93914 20.3324 14,2586
0.0742 0.989108 21.4142 15.0173
0.0810 1.03787 22.4699 15.7576
0.0877 1.08573 23.5061 16.4843
0.0945 1.1329% 24.5284 17.2012
0.1012 1.17976 25.5418 17.911%
0.1080 1.22636 26.5506 18.619%4
0.1147 1.27294 27.5891 19.3266
V.L1ldidd 1.31908 28.511 ZU. 0364
0.1282 1.3667% 29.59 20.7508
0.1350 1.41431 30.6199 21.473
0.1417 1.46255 31.6642 22.2054
0.1485 1.51162 32.7265 22.9503
0.1852 1.56169 33.8106 23,7106
0.1620 1.61296 34.9206 24.489
0.1687 1.66561 36.0604 25.2883
0.1755 1.71984 37.234% 26.1117
0.1822 1.77587 38.4477 26.9625
0.1890 1.83395 39.7051 27.8443
0.1957 1.89434 41.0125 28.7611

. 0.2025 1.95732 42.3761 29.7174
0.2092 2.02323 43.803 30.7181
0.2160 2.09244 45.3013 31.7687
0.2227 2.16835 46.8798 32.8757
0.2295 2.24245 48.5491 34.0464
0.2362 2.32429 $0.321 35.289
0.2430 2.41152 52.2095 36.6133
0.2497 2.5049 54.231 38.031
0.2565 2.60531 56.405 39.5556
0.2632 2:.7138% 58.7549 41.2035
0.2700 2.83183 61.309 42.994¢6
0.2767 2.96084 64.1022 44.9534
0.2835%5 3.10291 67.1781 47.1105
0.2%02 3.26058 70.5916 49.5043
0.2970 3.43714 74.4141 52.1849
0.3037 3.63692 78,7393 £5.2181
0.2108 3.86578 R3.6942 £8.6928
0.3172 4.13189 89.4555 62.7331
CPL~0sG » 301
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0.3240 4.44704 96.2784 €7.5179
0.3307 4.82904 104.549 73.317%
0.337% 5.3%¢30 114.883 80,5681

Material fracture toughness:

Material ID: SPEC-min

| Depth Klc
0.0000 55.0000
D.3750 55.0000
0.7500 55.0000

Load combination for critical crack size:

Load Case Scale Factor
drop 1.0000,
resiauail 1.3300
Crack Total
Size K Kle
0.00675 12.1888 LY ]
0.0135% 17.2475 59
0.02025 21.1441 55
0.027 24.4481 55
i 0.03375% 27.3614 55
0.0405 30.0588 55
et 0.04725 32.5494 5%
0.054 34.899 55
0.06075 37.1399 $5
0.0675 39.2964 5%
0.07425 41.3872 3.
0.081 43.427¢6 5%
0.0877% 45.4303 5]
| 0.0945 47.4061 25
| 0.10125% 49,3646 55
| 0.108 51.3144 5%
0.11475 53.2634 55
| 0.1215% 55.2191 3.
| 0.12825 57.1886 85
| 0.135 $9.179 S
0.14175 61.1973 £5
| 0.1485%5 63.2504 $5
§ 0.1552% 65.3458 85
| 0.1€2 6'.49]1 4
0.16875 69.6939 $5
E CPLCL6 ~50



0.175%
0.18225
0.189
0.19575%
0.2025
0.2092%
0.216
0.22275
0.2295
0.23625
0.243
0.24975
0.25865
0.26325
0.27
0.27675
0.2835%5
0.29025
0.297
0.30375%
0.3105
0.31725
0.324
0.33075%
0.3375

21,
74.

76
79,
81.
84
87.
90.
93.
97.
100
104
109
113
118

12
129
136

14

152,
161.
172.
186.
202.
222.

9631
3078
. 738
2647
9002

. 6581

2937
6046
8307
2553
.905
.812
.014
.556
.492
3.89
.835
.432
3.82
179
756
891
077
061
035

Critical crack size =

o —

0.1208
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APPENDIX B

Design Input from Consumers Energy

Rewvision i !
Preparer/Date ‘,‘ I\ i35
Checker/Date

~/A

File No CPC-06Q-301

Page B

of (I




——e CPC- Qe -a0)

- '..’—
_‘M
A OMS Energy Compans Piisaces Nuc'ear Plant
Y7780 Biwe Star Memoniai Hignway
covert M 48043

November 12, 1997

Mr. Hal Gustin

Structural Integrity Associates, Inc.
3315 Almaden Expressway, Suite 24
San Jose, CA 95118-1557

SUBJECT: Flaw Analysis Inputs

Near Hal

q
This letter transmits design inputs . r use in the flaw analysis being provided under
purchase order CO025456. The specific design inputs shown below are enclosed.

L] Safety Analysis Report for the Ventilated Storage System, PSN-91-001, Rev 0, dated
October 1991, Table 11.2-1, Summary of Stresses(ksi) in the MSB Resulting from
the Hypothetical Horizontal Drop. The limiting event for the structural lid weld is the
horizontal drop accident, which is considered to be an emergency/faulted event.

. Safety Analysis Report for the Ventilated Storage System, PSN-91-N01, Rev 0, dated
October 1991, Table 3.4-5, MSB Maximum Stress Evaluation.

El Certificate of Compliance ( C of C) for Dry Spent Fuel Storage Casks (No. 1007),
effective May 7, 1993, Section 1.2.13, Minimum Temperature for Moving the MSB.

® Certificate of Compliance ( C of C) for Dry Spent Fuel Storage Casks {No. 1007),
effective May 7, 1993, Section 1.2.14, Minimum Temperature for Lifting the MTC.

Certified Material Test Reports (Lot No. 32039 and 38380) for the weld material used on
the structural lid welds in MSB's 1-13 are enclosed. The CMTR (Lot No. 51122) for the
weld material to be used on future structural lid welds is also enclosed. The cask structural
lid welds will remain in the as welded condition following welding.

Please give me a call if you have any questions.

Sincerely,

&

Emil A. Zernick
Engineering L2ad -Dry Fuel Storage

D
IAY
i

RECEIVED
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TABLE 4.8

- MSB MAXIMUM STRESS EVALUATION
Comaongat Strecses CALCULATED VALUE KSI®
DEAD SV

»ZIOHT PRESSLRE THERMAL HANDLING TOTAL B, ' Ve
s 0.1 0.1 N/A 0.9 i 0.8
MSB Shell P+ P, 0.1 1.2 N/A 2.4 3.7 30.7
P+Q 0.1 1.2 1.0 2.4 4.7 615
Bottom P. 0.02 0.06 N/A 1.0 1.1 20.5
Plate P+ P 002 1.7 N/A 1.5 32 30.7
ror < e R 4 by 14 "MA A1
Top Lid P 0.0 0.0 N/A 0.1 0.1 0.8
P+ P, 00 04 N/A 02 0.6 30.7
P+Q 0.0 0.4 02 0.2 0.8 61.5
Bottom-to- P. 0.1 0.2 N/A 09 1.2 205
Shell P_+ P, 0.1 1.7 N/A 1.5 33 30.7
— "\mction P+Q 0.1 1.7 1.5 1.5 48 615
7 sp-to-shell P. 0.0 0.06 N/A 02 0.3 15.4
.unction P+ P, 0.0 0.4 N/A 0.2 0.6 231
P+Q 0.0 0.4 0.4 02 1.0 46.1
Sleeve Ve 0.05 N/A N/A 18 1.9 20.5
Assembly P_+ P, 0.08 N/A N/A 21 2.2 30.7
P+Q 0.05 N/A 52.0 21 $4.2 61.5
Shield Lid- A 03 0.2 N/A 03 08 15.4
Weld P+0Q 03 08 13 0.4 28 46.1
Shield Lid > 0.4 N/A N/A 0.3 9.7 15.4
Support P.+P 0.4 N/A N/A 03 0.7 231
Ring Weld P+Q 0.4 N/A 0.0 03 0.7 6.1

Rev. 0 3.35
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1.2.13 Minimum Temperature for Moving the MSB

Limit/Specification:

Objective:

Action:

Surveillance:

Basis:

Movement of the MSB inside the VCC w1l oniy 2¢ 3i'zeeq ;°
ambient temperatures of 0° F or above.

To avoid the potential for brittle failure.

Confirm that the ambient temperature is above 0° f immediately
before moving the MSB, while inside the VCC.

The ambient temperatures shall be measured before movement of
the MSB.

Each MSB shell material will have shown, during fabrication,
by Charpy test (per ASTM A370) that it has |5 ft-1b of
absorbed energy at -5C° F; and, therefore, movement of the MSB
at temperatures above 0° F will avoid the potential for
brittle fracture. Calculations show that the MSB shell
minimum temperature will be substantially above the ambrent
temperature (e.g., 20 °F for 25-year-old fuel). However, for
conservatism and simplicity, it 1is recommended that the
ambient be selected as the minimum MSB movement temperaturs,
It is highly unlikely that any MSB movement activity would
take place at temperatures below zero. Nevertheless, if
movement at & temperature below that specified is necessary,
calculations (similar to those presented in Chapter 4 of the
SAR) may be used to estimate the minimum MSB shell temperature
for any particular ambient condition.

A-28
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1.2.16 Minimum Temperature for Lifting the MTC

Limit/Specification:

Objective:

Action:

Surveillance:

Basis:

The MTC shall be allowed to be used to move the MSB 1f =g
ambient temperature 15 40° F or above.

To avoid the potertial for brittle failure.

Confirm that the ambient temperature is above 40° F before
moving the MSB inside the MTC.

The MTC ambient temperature shall be determined before
movement of the MSB in the MTC.

The MTC material will have shown, during fabrication, that it
has 15 ft-1b of absorbed energy at 0° F. Having Charpy test
results, at 0° F, which show ductility (or other appropriate
test to show that the Nil Ductility Temperature is lower than
0° F), will avoid the potential for brittle failure when the
cask is moved at 40° F or higher. The MTC shell will have a
temperature higher than ambient due to the heat source from
the f{rradiated fuel. However, for conservatism and
simplicity, it is recommended that the ambient temperature be
used as the minimum shell temperature. [f movement at Tower
temperatures is ever required, additional specific analysis or
other actions that meet the approval of the NRC must be
provided.

A-29
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CERTIFICATE OF A*JALYSIS

0. BOX 517/1500 KAREN LANE
HANOVER, PA 17331

CERTIFI wqwrﬂ‘m 11'!5? REPORT

WELDSTAR COMPANY Customer Order No.: 2244A-A
1750 MITCHELL ROAD Order No.: 144017~}
AURORA, 1L 60304 This Material Conforms to Specification:
A a.C: 08 ASME SFA 5.%0 SBEC IX1 PART C & ASME SBC 11I SUBSEC
" NB FOR CLASYS 1 MATERIAL 1989 ED., 1990 ADD. ASME

B3 L _c SPA 5,01, CLASS, T2 SCH. K, 10 CFR PAXT 21 APPLIES
vt Trademacks.Dual Shield I1 70 -4« - w A

Dismeter Sizej;.045% x 254 Spool X 177.1 E71T-1 ATRER
ek Welghts; 7,200 m. ;;’ 5 Test Mo.1.2-19406- 00 £ ”“‘
-om Lot h-botl 32039 ¢ X o X-Rays Satisfactory ¥ -
” 4.,-«.,171» Steel A-283 T DG
Qws 3 Volts umﬁk
& / My \“: : o«wﬂ‘”-qx? Jephgh ¥
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OLD VALUES...NEW IDEAS

PO BOX 1150 . AURORA, IL 60507-1150 . PHONE (630) 859-3100

CERTIFICATE OF COMPLIANCE
ISSUED: August 22, 1997
CUSTOMER: Consumers Energy
CUSTOMER POw: (0238240
SHIP TICKET # N91729%
DESCRIPTION: 495 Ibs. spooled wue (33# spools) ESAB

FACR ANTAY T T 1 MATANT LM TR

Lot #51122

The attact.ad CMTR(s), one copy per gem, covers the matenal ahipped agumnst the above referenced purchase order
Sumber

The above materal will meet code requirements of ASME Section I, Part C and Section [1] 1986 Ediucn through
1988 Addends, NB2400 for Clas | meteral, with special mpect properties of 1 5 £/Tbs mmzmum sbsorbed enerzy
at -50° F, and the requirements of ASME Boier and Pressure Veasel Code current editon end addenda for Section
Il C, SFA 5.20, and 18 m compliance with the above referenced purchase order mumber. We certufy that the
matenal shupped has been handled m compliance with our identification and venfication program.

All vendors on Weldstar's approved vendors list have been sudited by Weldstar

Weldstar's Quality Assurance Program Revision K, dated November 12, 1996 meets the requirements of ASME
Section [II, NCA-3800, 1995 Edtion.

The provisions of NRC 10CFR Part 21 apply to thus order
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LU.S. Nuciear Regulatory Commission W AAT%@)
11555 Rockville Pike Dockst
Rockville, MD 20852
Subject: Hardcopy Transmittal of Calculation Package CPC-060)-301; Attachment to
Response to Question 4 of Request for Additional Information Concerning
CAL 97-7-001
Dear Mr. Kobetz

Sierra Nuclear Corporation(SNC) submits the attached hardcopy of calculation package
CPC-06Q-301; as part of the response to Question 4 of Request for Additional Information
concerning CAL 97-7-001. Should you or the Commission have any additional questions
please contact me at Sierra Nuclear Corporation(SNC); 408 - 438 - 6444,
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1.0 INTRODUCTION

The purpose of this calculation is to develop acceptance cniteria for flaws which may be detected in
the structural lid to shell welds of spent fuel dry storage casks at Palisades, Point Beach, and ANO

Nuclear Plants. The geometry of the structural lid to shell joint is illustrated in Figure * [1].

For the casks which ar= currently in service, nondestructive examination of these welds has included
dye penetrant examination of the root and final welded layers. Nc volumetric examination of these
welds has been performed in the past, but the plant owners are considering such examination as a

result of discussions with the NRC.

20  CODE APPLICABILITY

In the present analysis, the methods of ASME Section XI, IWB-3600 and Appendix A [2] are used
to determine allowable flaw sizes under the limiting loading conditions. TWB-3600 and Appendix
A are directly applicable to Class 1 vessels (such as reactor vessels) and piping. Although the dry
fuel storage casks are Class 2 (NC) vessels, Section IWC-3600 is still under development, and

Section X1 permits the use of IWB criteria for flaw evaluations.

Section X1 flaw evaluation criteria are directly applicable for evaluation of flaw indications detected
in the structural lid welds of casks which are already in service. Its applicability is less clear for
examunation results for new casks. However, for examinations of structural lid welds which are
performed immediately upon completion prior to putting them in service, it is SI's cpinion that the
rules of Section XI should still be applied. in lieu of Section Il rules. Although a loaded cask is not
formally considered to be “in operation™ until it is successfully transferred to the storage pad, the
cask is performing its design function in a difficult to reverse manne: once fuel is loaded and the

shield lid and structural lid are in place. Section XI provides more extensive methods for the
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evaluation of defects de*~.ied by volumetric examination, and volumetric examination of the

structural lid weld 11 mediately following completion forms a baseline for any subsequent inservice
: £ p ]

inspections by similar methods.

30 LOAD DEFINITION

Table 1 [1) provides stress data for the structural lid weld under the horizontal drop accident. This
event is considered to be an emergency/faulted class (service level C/D) event. Table 2 [1] presents
stress data for normal operating events. By comparing the Tzbles, it can be seen that at the
strirmiral lid weld the narmal aneratine creesces are cionificantlv lower than the stresses which are
predicted to result from the horizontal drop event. Therefore, the horizontal drop accident 1s judged

to govern the critical flaw size determunation.

As shown on Table 1, the horizontal drop event produces the following stresses in the structural lid-

to-shell weld:

Pm=7.2ksi
PL+Pg =433 ksi

In the fracture mechanics analysis below, both of these stress components were included. The
second (bending) component was modeled as linear through weld bending, with the 43.3 ksi applied
as tension on the inside surface (root) of the weld, which is assumed to be the origin of any observed

cracks.

In addition to these two load components, weld residual stress was included in the calculation.
Because no measurements or calculations of weld residnal stress were available, the weld residual

stress was assumed to be represented by & constant tensile stress through the weld thickness.
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Appeadix A of Section X1 (2] requires the use of residual stresses in determunation of allowable

flaw sizes. However. it is overly conservative to treat such steady state secondary stresses equally
with primary stresses resulting from normal operation (€.g. pressure) or accidents (such as the
horizontal drop event). Appendix H of Section XI defines treatment of residual stresses in a manner
which is judged to be appropriate for evaluation of flaws in the structural lid weld. This appendix

requires that residual stresses be included. but with a safety factor of 1, rather than the Section XI

specified factors for code-limited types of stress.

For normal operating conditions, the limiting applied stress intensity K (applied) 1s:

K ,(applied )< ::/7!%
where Kp calculated from the projected Charpy data is used as the critical stress intensity. The
safety factor of J70 is as defined in Section IWB-3612. K is equivalent to K, as discussed
above. For this case, the total applied stress intensity K (applied) is determined from the

membrane, bending, and residual stresses as

K, (applied) = K, (membrane) + K, (bending)

+ K ,( residual )

J10

K ,(residual )

J10

where the reflects the safety factor of 1 for the residual stress case.

For the emergency/faulted case (horizontal drop), it 1s still appropriate (and conservative) to use the
calculated Kpp as the criterion, because of the dynamic nature of the loading, instead of the K c
(which would be appropriate for static or slow loading rates). For this case (honzontal drop) the

applied K, is limited by
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K

A, applied =drop )< T
-

The applied K using a safety factor ~¢ 1.0 on residual stresses as discussed above, would be given
by:

K ,( residual )

V2

K (applied) = K, (membrane) + K, (bending) +

RV aiv nssme Mamssinm Mea Sammnpsn 1 Adeaea mncn 1r a Adumamin lnadine roca vrith a vemy Rk |hv.|46vuv v
i K ting ‘- - - ~

D R e

(impact), residual stresses may not be able to redistribute duning the horizontal drop case as they
would during slower or static cases. In fact, for the initial horizontal drop impact. residual stresses
may in fact behave more like primary stresses over the short interval of the drop impact.

Consequently, for this case, residual stresses are conservatively treated as pnmary membrane

stresses, using the full code safety margin of J2.

The magnitude of the residual stress is assumed to be a constant 30 ksi tensile value through the
weld thickness. This value was selected based upon consideration of the base material yield stress,
with consideration of anticipated reduction of residual stresses in the inner (near root) layers of the

weld due to application of subsequent welded layers.

40 MATERIAL FRACTURE TOUGHNESS

The certified material test reports (CMTRs) [1,5,6] for the structural lid weld material were
provided by the plant owners. These documents contain Charpy V-Notch Impact data taken at -

50°F (and some data at other temperatures). According to the “Certificate of Conformance for the
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1

|

'SC.24 Svsten
storage

judged not to be possible below this temperature

Article A-4000 of Appendix A to Section XI [2] recommends that the matenal fracture tougnness be

Therefore, to evaluate the

o \ sl Frr ho ¢
determuned from the act

fracture toughness of this matenal, use of the Charpv data at 0° " 1s appropriate. The Charpy

data at 0°F is used to determine material fracture toughness (K;c) using the following equation for

iS5

carbon steel in the transition temperature region |

Judging from the % ta, the material is in the transition region in the -50°F to 0°F

temperature range, so use of this equation 1s appropnate {3 Also, the Charpy correlation 1s for Ko

LR

o N\ frartu ton ol p . f tat it mnnlicable to vn 1 nt like
dynamic) fracture toughness as well as K,c (static), so it is applicable to a dynamic event like the

i i

drop accident

As noted above. the material specifications require Charpy V-notch test results at -50°F, while the
1 o

o)

lowest temperature at which a horizontal drop could occur is 0°F, due to administrative limits [1]
All three plants (Palisades, Point Beach, ANO) provided CMTRs for weld matenal used (or
proposed for use) in the structural lid welds [1,5,6) and these CMTRs included Charpy data at -
S0°F. Although all CMTRs include data for both as-welded

welded condition 1s applicable t




In order to determine allowable flaw

at the limuting temperature

extrapoiate toughness at 0°F from the available

from all CMTRs shows that the matenal 1s
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Using the rules of IWB-3613(c) [2], the fracture toughness values determined above are reduced by
a factor of v2 to define the fimiting allowable K, for flaws in the structural hid weld under

emergency/faulted conditions. That 1s,

K,
K aiowabie< ==
V2

For example, a limiting Kip calculated from Charpy data of 78.8 ksi- Jin produces an allowable K;

of 55.4 ksi-v/in . This value corresponds to the value obtained by extrapolating the minimum

specified toughness (15 ft-Ib at -50°F) to 0°F as discussed above.

60 ALLOWABLE FLAW CALCULATIONS

Using the above load definitions and fracture toughness, a series of allowable flaw size calculations
were performed using the Structural Integrity Associates computer program pc-CRACK™ (4],
which has been developed and verified under the SI Quality Assurance program.

6.1 Surface Flaws

The structural lid weld was modeled as a plate with an elliptical surface crack subject to both
membrane and bending stresses. This model is illustrated in Figure 3. Use of this flat plate model
for flaws in the structural lid to shell weld is appropriate for flaws originating in the vicinity of the
weld root and propagating through the weld matenal or weld-base metal interface. This model is
conservative compared to the actual weld geometry, because the actual weld experiences significant
hoop constraint due to the stiffness of the structural lid and cask shell. Such constraint will limit

crack opening in the actual weld as compared to the model, and therefore a larger crack would be
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These results are equally

applicable to flaws onginating on the

The flaw aspect ratio (the ratio of flaw depth to length) was varied parametncally, to determine an

allowable flaw depth versus length curve. The conservative fracture toughness including the

emergency/faulted Code margins was used as the criterion for determining allowable flaw depth for

each aspect ratio

The results are shown in Figure 4, and the supporting pc-CRACK analyses are attached in

Appendix A. There is no known mechanism for continued crack propagation of defects in these

okl . s ' esitbh aalasilasiane | » a" e o ad Far tha accrnimed Aafarte I svmiitine

whkbe y W sl s g
=

f weld material at each plant are shown in Table 3

6.2 Subsurface Flaws

The above discussion addressed the determination of allowable flaw sizes for flaws which are
connected to the . face of the weld, under a conservative set of assumptions. The weld could also
contain subsurface defects as a result of the welding process for example. In general, the allowable
flaw size for a subsurface defect will be larger (usually twice or greater) than for a surface defect

under the same conditions

Evaluation of aliowable subsurface defects was performed using the same linear elastic fracture
mechanics techniques as were described above for surface deiects. For these cases, a center cracked
plate model (Figure 6) was used to evaluate the infinite length flaw. This model is conservative for
the actual cases, since it treats applied stresses as pure tension, while for the subsurface flaw cases
Consequently, for a

subsurtace flaw the stres.es due to the drop event wili be significantiy lower than the 43.3 Ksi

surface stress for this event (see page 3). The calculated allowable flaw sizes for subsurface flaws




corresponding to the same assumptions presented in Table 3 for surface flaws are shown in Table 4.
The allowable subsurface flaw results presented in Table 4 also require that the flaw be sufficiently
embedded that treatment as . subsurface flaw 1s justified. ASME Section XI, Figures IWA-3310-1,
-3320-1, and -3330-1 provide criteria for evaluating proximity of flaws to the surface and to each

other (in the case of multple flaws). In general, if a flaw is closer to the surface than 0.4 of its half-

depth, it must be considered to be a surface flaw.

70 RECOMMENDED MOCKUP DEFECTS

The above analysis shows that a family of significant sized flaws (Figure 4) can be accepted in the
structural lid to shell weld, while maintaining Code margins. and under a conservative set of

assumptions.

For the existing operating casks, the nondestructive examination performed as a part of accepting
these welds included dye penetrant examination of the root pass. Such an examination would have
detected defects which had penetrated the root pas: surface. Consequently, it is concluded that the
most likely defects in these welds are limited in size to less than the roct pass thickness. The root
pass is assumed to be about 0.1 inch in thickness. Therefore, we recommend that a mockup to be
used for qualification of volumetric examination techniques include indications in the root of the
weld which are equal to the root pass thickness (e.g., 0.1 inch deep), to test detection capability. To
test defect sizing capability, we suggest that a range of flaws with depths from 0.05 inch to perhaps
0.25 inch be included, with orientations along and normal to the weld direction, and directed
through the weld metal, along the lid to weld interface. and along the shell to weld interface.
Indications of various aspect ratios in the range of 0.1 10 0.5 should be considered. Implanted flaws

will give results which are most representative of those to be expected in actual casks.

With regard to embedded defects representative of welding defects. the most likely defects are

interbead lack of fusion and lack of penetration at both weld metal-base metal interfaces. Where tue
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weld was made with a flux shielded process (such as is the case at Palisades and ANO), slag

inclusions could also occur. Representative defects of these tvpes should also be included in the

mockups, with sizes in the same range as the above root defects.

8.0 CONCLUSIONS

This analysis has shown that flaws with depths greater than those which could have been missed
during original weld examination can be accepted under the criteria of ASME Section XI, with a
conservative set of assumptions. These results are generic and conservative in nature. Specific
flaws exceeding the criteria developed in this calculation could potentially be accepted based upon

more detailed analyses and less conservative materials properties on a case-by-case basis.

We recommend that the above results be used as the basis for establishing metheds for qualifying
volumetric examination technigues for these welds, and for initial screening of results of field

examinations.
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Table |

TABLE 1121

SUMMARY OF STRESSES (ksi) IN THE MSB RESULTING FROM
THE HYPOTHETICAL HORIZONTAL DROP

‘I MME
Crmeanmn ; Ve Nead We ¢ Thermal Presoire Total Allowwiahic
Bouom Plae A 24 N/A N/A 006 295 49.0
P +P “s 17 463 73.5
Sheldl P, 259 N/A N/A 01 26.0 4“0
Pel, 718 12 73.0 715
Structurai . 26 NI/A N/IA ao 26 490
Lid P+ P, Qs 04 43 735
Shield Lid P, 24 N/A N/A 0.0 24 49.0
PLeh 206 UTH] 206 75
Botiom Weld P, 259 N/A N/A a2 26.1 490
P+ P 4“6 1.7 463 7.5
Top Weld v 71 N/A N/A 006 72 368
P.+P Q9 04 a3 §5.1
Shield Lid % 9.1 N/A NA a2 93 J6K
Weld P+ 2056 N/A N/A 08 214 55.1

*  Desd weight is included io the drop load.
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Table 2

TABLE 343

MSB MAXIMUM STRESS EVALUATION

s -—.nﬂs-o' <(m*g C AJ.C'\..L*E: Y *L'-.E. KSI.
CEAD SME
WEIONT PRESSURE THERMAL HANDLDNG TCTAL e 1)
P, 0.1 0.1 N/A 0.9 1.1 0.4
MSB Shell P+ P, 01 2 N/A 2 37 ki
P+Q 0.1 - 1.0 24 4.7 i 8
Bottom P. om 0.06 N/A 1.0 i 20.5
Plate P+ P, 602 1.7 N/A 15 32 30.7
‘v e St i e —— -
Top Lid P, 0.0 0.0 N/A 0.1 0.1 204
heob 0.0 0.4 N/A 02 06 307
P+Q 0.0 0.4 02 2 08 615
Botwom-to- P 0.1 3 N/A 09 i 0.2
Shell P+ P, Q1 1.7 N/A LS 33 30.7
Tunction P+Q a1 17 13 15 48 613
Jp-to-shell A 0.0 0.06 N/A 02 03 15.4
.uaction P+ P, 0.0 04 N/A 02 06 2.1
P+Q 0.0 0.4 04 02 1.0 4.1
Sleeve P 0.08 NIA N/A 18 19 205
Assembly P+ P, 0.08 NIA NI/A 21 22 30.7
P+Q 008 NIA 520 21 542 615
Shield Lid- A a3 02 N/A 03 08 15.4
o-Shell | AR A w3 08 N/A 04 L5 8.1
Weld P+Q a3 08 13 04 28 6.1
Shield Lid k. 04 NIA NIA a3 Qs 164
Support P+ P 04 N/A N/IA a3 a7 1
Ring Weld P+Q a4 N/A Q0 03 Q7 46.1

Vaiues shown are maumuns irespectve of locaton
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Table 3

Proiected Charpy Data and Allowable Flaw Sizes

Charpy Charpy Charpy @ Allowable

Idenufier Percent @-50°F @ 0°F 0°F KID Depth

Shear Average | Predicted Actual @ 0°F (360°)

(or Min) (If Surface

Available)
WP-18P4(158-8) NA 28 554 NA 89.6 0.14
Weld
Point Beach Base |8-8 NA 4] 68 4 NA 99 6 0.17
Haz 18-3 NA 87 1144 NA 128 8 0.22
Weld Zone Min 40 17 44 4 NA 80.2 0.13
ANO PQR AS-030 | Weld Zone Avg 58 55 824 NA 109.3 0.17
HAZ Avg » 1 = 107.4 NA 124 8 0.20
RSO ¢ YN O A R B T A VR TR

Weldstar 467H Av NA %4 i11.4 NA 127.1 0.20
Min Spec 467H NA 20 474 NA 82.9 0.13
ESAB 41323 40 60 874 117 112.6 0.17
ANO ESAB 37962 27 85 824 96 109.3 0.17
ESAB 2AS505A02 50 BL) 1214 NA 132.7 0.22
ESAB 2H408A03 43 96 123.4 NA 133.8 0.22
ESAB 2E426G02 63 103 130.4 NA 137.5 0.22
ESAB 2K407HO3 70 22 149 4 NA 147.2 0.25
Alloy Rods 32039 20 56 834 91 110.0 0.17
Palisades ESAB 38380 56 99 126.4 138 1354 | 022
ESAB 51122 60 82 109.4 115 125.9 0.20
Min Specified NA NA 18 424 NA 784 0.13

Note: For subsurface defects at weld mid wall depth, the allowable through-wall dimension of the
defect is generally twice the allowable surface flaw dimension for the corresponding case.

[ Revision

A

—
| Preparer/Date |

t

'
v

HTA

SRS RSERERE

|r Checker/Date ‘}/

|

| File No. CPC-06Q-30]

Page 14 of 24

i
|
|
|




Table 4
Proiected Charpy Data and Allowable Flaw Sizes

Charpy | Charpy | Charpy @ | Allowable

Plant Idenufier Percent @-50°F @ O°F 0°F KID Depth

Shear Average | Predicted Actual @ 0°F (360°)
(or Min) (If Subsurface
Avalable)
WP-|8P4(18-8) NA 28 55.4 NA 89.6 0.32
Weld

Point Beach Base 18-8 NA 41 68 4 NA 99.6 0.38

Haz 18-8 NA 87 114 .4 NA 128.8 048

Weld Zone Min 40 17 44 4 NA 80.2 0.28

ANO PQR AS-030 | Weld Zone Avg 58 55 82.4 NA 109.3 0.38
HAZAve R 1 8 e ] WA TOMET ee

Base Long Avg 13 33 60.4 NA 93.6 0.32

Weldstar 467H Av NA 84 111.4 NA 127.1 0.44

Min Spec 467H NA 20 474 NA 82.9 0.28

ESAB 41323 40 60 7.4 117 112.6 0.38

ANO ESAB 37962 27 55 8§24 96 109.3 0.38

ESAB 2A505A02 50 94 121.4 NA 132.7 0.48

ESAB 2H408A03 43 96 123 4 NA 133.8 0.48

ESAB 2E426G02 63 103 130.4 NA 137.5 0.48

ESAB 2K407HO03 70 122 149 .4 NA 147.2 0.52

Alloy Rods 32029 20 56 §3.4 91 110.0 0.38

Palisades ESAB 28380 56 99 126.4 135 1354 0.48

ESAB 51122 60 82 109.4 - 115 125.9 0.44

Min Specified NA NA 15 424 NA 78.4 0.28

Note: For subsurface defects at weld mud wall depth, the allowable through-wall dimension of the
defect is generally twice the allowable surface flaw dimension for the corresponding case.
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Date:
File:

tm

pc-CRACK for Windows
Version 3.0, Mar. 27, 1997
(€) Cepysaght ‘84 - 'P0
Structural Integrity Associates, Inc.
3315 Almaden Expressway, Suite 24
San Jose, CA 95118-1557
Voice: 408-978-8200
Fax: 408-978~-B9€4
E-mail: info@structint.com

~inear Elastic Fracture Mechanics

Thu Nov 20 10:56:27 1987
SS5.LFM

Title: CPC-06Q: LIMITING 2ERO DEGREE FLAWS

Load Cases:
Case: DROP2 --- Stress Distributicn
Depth Stress
0.0000 43.3000
0.3750 7.2000

0.7500 -28.9000

Etress Coefficients

Case ID co Cl c2 c3 Type
RESIDUAL 30 0 0 0 Coeff
MEMERANE j B 0 0 0 Coeff
DROP2 43.3001 -56.2668 0 0 StressDist

Crack Model: Single Edge Cracked Flate

Crack
Plate
Max.

Parameters:
width: 0.75%00
crack size: 0.375%0
-------------------- Stress Intensity Factor--e-cccccccmnvucana-
Crack Case Case Case
Size RESIDUAL MEMEBRANE DROP2

b o

'



OO0 0O0D0O00D0DO00D0CO0COCOCODO0DO0OO0DVOCOOODDODOC D000 0CO0CO0OO0O0O0O00O0OODOCO

.007%
.01%0
.0225
.0300
.037%
. 0450
0525
.0600
.0675
.0750
.0825
.0900
.097%
.1050
.1125
.1200
.1275
.1350
.1425
«dduv
.157%
.1650
.1725%
.1800
.1875
.1950
.2025%
.2100
2175
.2250
.2325%
.2400
L2475
2550
.2625
.2700
.277%
.2850
.292%5
.3000
.307%
.3150
.322%
.3300
.3375
. 3450
.352%
. 3600
3678
.3750

4.98488
7.09853
8.75371

10.177

11.
12.

4554
6334

13.737

14,
15.
16.
17.
.0627
.2147
.3655
.5167
. 6695
.B252
.9845
.1482
«S400
.7019
.1029
.5197
.9523
-4007
.B649
. 3448
.8404
.3515
.8782
L8048
.7591
. 7407
50.

7832
783%
7465
9075

7481

52.784

54.
56.
59,
61.
€3.
66.
€9.
2.
5.
79.
82.
8S5.
8S.
92.
9¢6.

8452
9322
0448
1827
3455
4177
5356
6988
9066
1584
4536
7917
1722
5844
058l

.19637
. 70365
.10088%
.4424¢8
.74231
.03202
. 29688
.54796
.78805
.01917
.29781
.57506
.85153
12771
5.404
. 68069
.95805
23629
.51557
. Iv0U4
.12847
464€S
.B0472
14855
45617
.84758
.20276
.56169
.92437
2908
7532
2222
.6978
«s:98
.66862
.1628
. 6637
.1708
.6838
.2029
. 9402
.6886
.4477
18.2176
18.998
19,7889

20.589
21.4013
22.2227
23.0539
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o
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7.12042
10.034

12.
14.
15.
 §
18.
19,

2441
0B4¢
6861
1144
4054
5969

20.69%

21.
22.
24
és.
26.
27.
28.
30.
31.
32.

7166
9854

.2291

4397
€243
7854
9252
0451
1465
2305

33.490

34.
as.
37.
38.

SBE4
8642
1308
3864

39.63

40.
42.
43.
44.
45.
47.
46.
50.
$1.
53
85

B€l6
0805
2863
4787
€571
2543
8424
4204
98¢€9

.5408

0813

56.607

58.117

59.
61.
€3.

€5.

€102
0856
5413
9877

68.423

70.
8532
78.
78.
80.
B2.
BS.

73

8454

6445
0178
3714
7036
0129
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Material fracture toughness:

erial ID: AS16_5%

Depth Kle
0.0000 55.4000
0.3750 $5.4000
0.75%00 $5.4000

Load combination for critical crack size:

Load Case Scale Factor
RESIDUAL 1.0000
DROP2 1.0000
Crack Total
Size K Kilc
0.0075 12.1053 €5.4
0.015 12.332% 55.4
0.0225 20.997¢ $55.4
0.03 24.2618 55.4
0.0375 27.1415% 55.4
0.045 29.7478 55.4
0.052% 32.1464 5%.4
0.06 34.3801 55.4
0.0675 36.4785 55.4
0.07% 38.4631 5.4
0.08B25 40.897 55.4
0.08 43.2918 55.4
0.0875% 45.6544 5%.4
0.10% 47.9897 55.4
0.1125 $0.3021 55.4
0.12 52.5947 55.4
0.227% $4.8703 5.4
0.135 $7.13 $5.4
0.1425% $9.3787 5.4
0.1% 61.6148 5.4
0.15738 64.2884 $5.4
0.165 66.9671 $5.4
0.172% 69.6506 55.4
0.18 72.3386 55.4
0.187% 75.0308 55.4
0.198% 77.7265% 55.4
0.202% 80.425%3 5%.4
0.21 83.12€6" £5.4



0.217%
0.22%
0.232%
0.24
. 40479
0.255
0.2625
0.27
0.277%
0.285
0.2925
0.3
0.3075
0.315
0.3225%
0.33
0.3375
0.345
0.352%
0.36
0.3675
0.37%

85.8302

-

- e o-

.162
.793
.431
.959
135.
141.
146.
152.
158.

523
122
752
412
098

163.81

169.
175.
181,

544
298
071

Criticel crack size =

83.
55,

cc

-

£

-

88.
55.
55.
$S.
$S.
85.
$5.

55.
$5.
3%.

55.
-1
85.
$5.
$5.
$5.

0.1292
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331% Almaden Expressway, Suite 24

san Jose, CA 95118-1557

Voice: 408-978-

8200

Fax: 408-978-68964
E-mail: info@structint.com

Linear Elastic Fracture Mechanics

Date: Thu Nov 20 10:58:23 1997
File: 60.LPM

Title: CPC-06Q: LIMITING ZERO DEGREE FLAWS

Load Cases

Case: DROP2 --- Stress Distribution

Depth Stress
0.0000 43.3000
0.3750 7.2000
0.7500 -28.9000
Stress Coefficients
.«5¢ ID co o § c2 €3 Type
RESIDUAL 30 0 0 0 Coeff
MEMBRANE ' DY 0 0 0 Coeff
DROP2 43.3001 -56.2668 0 0 StressDist
Crack Model: Single Edge Cracked Plate
Crack Paramete:rs:
Plate width: 0.7500
Max. crack size: 0.3750
-------------------- StE889 INLADELTY TRCLEEwwemsetsmmnemmrenem
Crack Case Case Case
Size RESIDUAL MEMBRANE DROP2

Al



| 0.007% 4.98488
| 0.0150 7.09853
0.022% 8.75371
0.0300 10,177
0.037% 11.4554
0.0450 12.6334
0.0525 13,737
0.0600 14.7832
0.0675 15.7835
0.0750 16.7465
0.0825 17.907%
0.0900 19.0627
0.0975 20.2147
0.1050 21.3655
0.1125 22,5167
0.1200 23.6695
0.1275 24.8252
0.1350 25.9845
0.1425 27.1482
0.1575 29.7019
0.1650 31.1029
0.172% 32.5197
0.1800 33.9523
0.1875 35.4007
0.1950 36.8649
0.202% 38.3448
0.2100 39.8404
0.2175 41.3515%
0.2250 42.8782
0.2325 44.8048
0.2400 46.7591
0.2475 48.7407
0.25%0 50.7491
0.2625 52.784
0.2700 54.8452
0.2775 56.9322
0.2850 59.0448
0.2925 61.1827
0.3000 63.345%
0.3075 66.4177
0.3150 69.5356
0.322% 72.6986
0.3300 75.906¢€
0.3375 79.1584
0.3450 82.4536
0.3525 85.7917
0.3600 89.1722
| 0.367% 92.5944
‘ 0.3750 96.0581

& S &b W Wi

OO J  JJc. N

9.
9.
9.

10.
10.
11.
11.
12.
12.
33.
13.
14.

14
15

19637
.70365
.10089%
L4424¢E
.74931
.03202
.29688
.54796
.78805
.01917
.29781
.57506
.85153
33771

5.404

.68069
.95805
.23629
.51587
12847
.46469
.80472
.14855
.49€17
.84758

20276
56169
92437
2908
7832
2222
€578
1798
6682
1628
6637
1708
.6838
.2029

15.9402
16.6886
17.4477

18

21786

18.998
19.7888

20.59

21.4013
22.2227
23.0%539%

7.12042
10.034

12.
14.
135,
17.
18.
19.

2441
0842
6861
1144
4084
5969

20.695

21.
22.
24
25.
26.
27.
28.

34.
38.
i
38.

3
40,
42.
43.
44.
45.
47
48.
50.
s1.
83.
$S.

7166
9894

.2291

4387
6243
7854
9252

.0451
.146€5
.2305

.

Seé4
8642
1309
3864
9.63
8616
0805
2863
4787
€571

.2543

B424
4204
8869
5409
0813

56.607
56.117

59.
61.
63.
65.

€102
0856
5413
9877

68.423

70.
3.
78.
78

B454
2532
6445

.0178
80.
B2.
85.

3714
7036
0129



Material fracture toughness:

-terial ID: AS16_60

Depth Kle
0.0000 60.0000
0.371%0 60.0000
0.7500 60.0000

Locad combination for critical crack size:

Leoad Case Scale Factor
RESIDUAL 1.0000
DROP2 1.0000
PPy o =S el
Size K Kle
0.0075 12.1053 60
0.01% 17.1326 60
0.0225 20.9878 €0
0.03 24.2618 60
0.0375 27.1415 60
0.045 29.7478 60
0.0525 32.1464 60
0.06 34.3801 €0
0.0675 36.4785 60
2.07% 38.4631 60
0.0825% 40.897 €0
0.098 43,2918 60
0.097% 45,6544 60
0.10% 47.5897 60
D.112% 50.3021 60
0.12 52.5847 60
0.1275 54.8703 60
0.135 $7.131 60
0.1425%5 $5.3787 60
0.1% €1.6148 60
0.157% 64.2884 60
0.165 6€6.9671 €0
0.172% €69.6506 60
0.18 72.3386 60
0.1875 75.0308 60
0.195% 77.7265% 60
0.202% 80.42%3 60
0.21 £3.1267 60




€.2175
0.225
0.232%
0.24
0.2475
0.255
0.262%5
0.27
0.277%
0.28%
0.2925%
0.3
0.307%
0.315
0.3225%
0.33
0.337%
0.345
0.3525
V.2e
0.3675
0.375

£5.8302
88.5352
92.0591
95.6015

99.
102.
106.
108.
113.
117.
120.
124.
129.
135.
141.
146.
152.

158

161
736
325
926
539
162
793
431
959
523
122
752
412
nse

1€3.81
ioy.
175.
181.

244
298
071

Critical crack size =

0.1446
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3315 Almaden Expressway, Suite 24
San Jose, CA 95116-1557
Voice: 408-978-8200
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E-mail: info@structint.com

Linear Elastic Fracture Mechanics

Date: Thu Nov 20 10:59:25 19887
File: 70.LFM
Title: CPC-06Q: LIMITING Z2ERO DEGREE FLAWS

Load Cases:

Case: DROP2 -~~~ Stress Distribution

Depth tress
0.0000 43.3000
0.3750 7.2000

0.7500 ~28.9000

Stress Coefficients

vase ID co i c2 c3 Type
RESIDUAL 30 0 0 0 Coeff
MEMBRANE 7.2 0 0 0 Coeff
DROP2 43.3001 ~96.2668 0 0 StressDist

Crack Model: Single Edge Cracked Plate

Crack Parameters:

Plate width: 0.7500
Max. crack size: 0.3750
-------------------- Stress Intensity Factor--==scceccececcccacas
Crack Case Case Case
Size RESIDUAL MEMEBRANE DROP2

f\ "~



0.007%
0.0150
0.022%
0.0300
0.037%
0.0450
0.0525%
0.0600
0.0675
0.0750
0.082%
0.0%00
0.0978
0.1050
0.1125
0.1200
0.1275
0.1350
0.1425
la] 1"\'\
0.1575
0.1650
0.172%
0.1800
0.1875
0.1950
0.2025
0.2100
0.217%
0.2250
0.2325
0.2400
0.2475%
0.2550
0.2625
0.2700
0.2775
0.2850
0.2925
0.3000
0.3075
0.3150
0.3225
0.3300
0.337%
0.3450
0.3525
0.3600
0.367%
0.3750

4.98488
7.09853
8.75371

10,177

11
12

.4554
.6334

13.737

14.
15.
16.
§
19.
20,
21.
22.
23.
24.
as.
27.

20

29.
31.
32.
33.
35.
36.
38.
39.
41.
42.
44.
46.

4€

7832
7835
7465
9075
0627
2147
3655
5167
6685
8252
9845
1482
21 &0
7018
1029
$197
9523
4007
B649
3448
8404
3515
8782
8048
7581

. 7407
50.

7481

52.784

54.
56.
S9.
61.
63.
66€.
€9.
72.
7.
79.
82.
8s.
89.
82.
e6.

B452
9322
0448
1827
3455
4177
5356
€988
9066
1584
4536
79817
1722
5944
0581
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18
1
19

21
22

bl
-

.19637
.703€5
.10089
L44248
. 74931
.03202
.29688
.54796
.78805
.01817
.29781
.57506
.85153
42773

5.404

.6B06%
.95805%
.23629
.515%7

T0ENG

.12847
.46468%
.80472
. 14855
.49617
.84758
.20276
. 56169
.92437

.2908
. 7532
.2222
.6278
.1798
. 6682
.1628
. 6637
.1708
. 6838
.2029
.9402
. 6886
L4477
.2176
B.998
.788%
20.59
.4013
.2227

3.0%39

7.12042
10.034

13,
14.
1%.
37,
18.
19.

2441
08453
6861
1144
4094
5969

20.695

21.
2.
24.
29.
26.
27.
28.
30.
31.
32.

7166
9894
2291
4397
6243
7854
9252
0451
1465
2305

T %268

34.
35,
37.
38.

5864
8642
1309
3864

39.63

40.
42.
43.
44.
45.
.2543
48,
50.
51.
83,

47

59

8616
08C>
28B€3
4787
€571

8424
4204
98€9
5409
0813

56.607

$8.117

$9.
61.
63.
65.

6102
0gseé
5413
9877

€8.423

70.
3.
.
78.
80.
7036
BS.

82

8454
2532
6445
0178
3714

0129



Material fracture toughness:

aterial ID: A516_70

Depth Kle
0.0000 70.0000
0.3750 70.0000
0.7500 70.0000

Load combination for critical crack size:

Load Case Scale Factor
RESIDUAL 1.0000
DROP2 1.0000
Size K Klc
0.0075 12.1053 70
0.015 17.1334% 70
0.0225 20.9978 20
0.03 24.2618 70
0.0375 27.1415 70
0.045 29.7478 70
0.052% 32.1464 70
0.06 34.3801 70
0.0675 36.4785 70
0.07% 38.4631 70
0.0825 40.897 70
0.09 43.2918 70
0.0975% 45.6544 70
0.10% 47.9897 70
0.1125 50.3021 70
0.12 52.5947 20
0.1275% 54.8703 70
0.133 57.3131 70
0.1425 £9.3787 70
.19 61.6148 70
0.157% 64.2884 70
0.165% 66.9671 70
0.172% 69.6506 70
0.18 72.3386 70
0.1875 75.03C8 70
0.195 77.726% 70
0.202% 80.42%3 70

0.21 83.1267 70

J
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tm
pc-CRACK for Windows
Version 3.0, Mar. 27, 1997
(C) Copyright 'B4 - '97

Structural Integrity Asscciates, Inc.

3315 Almaden Expressway, Suite 24
San Jose, CA 95118-1557
Voice: 408-978-8200
Fax: 408-576~-8564
E-mail: info@structint.com

Linear Elastic Fracture Mechanics

Date: Mon Nov 24 12:18:54 1997

File: CCP100.1LFM

Title: CPC-06Q: SUBSURFACE DEFECT, KID=100

Load Cases:

Case: DROP2 --- Stress Distribution

Depth Stress

0.0000 43.3000
0.3750 7.2000
0.7500 -28.9000

Stress Coefficients

case ID co €1 c2 €3 Type
RESIDUAL 30 0 0 0 Coeff
MEMBRANE Tel 0 0 0 Coeff
DROP2 43.3001 -96.2668 0 0 StressDist

Crack Model: Center Cracked Plate Under Remote Tension Stress

Crack Parameters:

Plate Half Width: 0.3750
Crack depth: 0.3000
-------------------- S$tzass Intensity Factorrrrevenpransenansnse
Crack Case Case Case
Size RESIDUAL MEMBRANE DROP2

AY2



0.0060
0.0120
0.0180
0.0240
0.0300
0.0360
€.0420
0.0480
0.0540
0.0600
0.0660
0.0720
0.0780
0.0840
0.0500
0.0960
0.1020
0.1080
0.1140
0.1200
0.1260
0.1320
0.1380
0.1440
0.1500
0.1560
0.1620
0.1680
0.1740
0.1800
0.1860
0.1520
0.1980
0.2040
0.2100
0.2160
0.2220
0.2280
0.2340
0.2400
0.2460
0.2520
0.2580
0.2640
0.2700
0.2760
0.2820
0.2880
0.2940
0.3000

4.11943
5.82841
7.14374
8.2576€6
9.24501

10.
10.
11.
12.
13.
13.

14.
15.
15.

1444
9791
7643
5107
2264
9176
S58%
2449
8886

16.523

1.
-y
18.
19.

1508
7742
3954
0164

19 K39

20.
20.
21.

2651
8965
5349

22.182

2.
23.
24.
24.
25.
26.
 §
27.

28

B398
5099
1544
8952
6146
3547
1181
9074

. 71255
29.
30.
31.
32.
33.
34.
38.
36.
38.
39.

5756
4613
3866
3558
3738
4467
5807
7832
0631
4304

40.897

42.
44.
46.
4€.
$0.
52.

4774
1886
0514
0916
3414
8414

0.9886¢64
1.39882

1.7145
l1.98.84
2.2188
.43466
.63498
.82342
.002%7
.17434
.34021
.50137
.65878
.81326
.96852
.11618
4.2658
.41489
.56392
714934
.863€3
.01516
.16837
.32369
.£8154
.64238
.80665
.97486
6.1475
32513
.50834
.69777
.89411
.09814
33071
. 33377
.76538
.00974
.26722
.53236
.82798
.13514
.46328
.81529
10.1946
10.6053
11.0523
11.942
12.0819
12.6819

S Wwwwwwwwoorn

oS B A D
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5.9457:
8.4123%

10.
134
13.
14.
15.
16.
18.
19.
20.
21.
22.
22.
23.
24.
25.
26.
27
7R

29.
30.
31.
32.
32.
23.
34.
35.
36.
38.
39.
40.
41.
42.
43,
45.
4€.
48,
49.
81.
53.
54.
56.
$9.
61.
63.
66.
€9.
¢ B
76.

3108
9186
3437
6418
8465
5798
0572
0902
0877
0569
0035
932¢
8482
7543
€541
5507

.447

3457

2494

1607

0821

0161

9655

9327

9206
0322

970%
0387

1405
2787

4605
6875
9659
3013
7002
1698
7182
3549
0906
9378
8112
0282
3092
7789
4677
4124
€595
2679

AY3



Material fracture toughness:

aterial ID: aS5l16-100
Depth Klc
0.0000 100.0000
0.3750 100.0000
0.7500 100.0000

Load combination for critical crack size:

Load Case Scale Factor
RESIDUAL 1.0000
DROP2 1.0000
Crack Total
Size K Klc
0.00¢6 10.0652 100
0.012 14.2408 100
0.018 17.4545 100
0.024 20.1762 100
0.03 22.5887 100
0.036 24.7863 100
0.042 26.8256 100
0.048 28.7441 100
0.054 30.5679 100
0.06 32.3166 100
0.066 34.0053 100
0.072 35.6459% 100
0.078 37.2484 100
0.084 38.8211 100
0.09 40.3712 100
0.09¢6 41.905% 100
0.102 43,4283 100
0.108 44,9461 100
0.114 46.4633 100
0.12 47.9847 100
0.126 49.5145 100
0.132 51.0572 100
0.138 52.617 100
0.144 54.1882 100
0.18 55.8052 100
0.156 57.442¢6 100
0.162 $9.11% 100
0.168 60.8274 100



0174

0.18
0.186
0.192
0.198
0.204

0.21
0.216
0.222
0.228
0.234

0.24
0.24¢
0.252
0.258
0.264

0.27
0.276
0.282
0.288
0.294
0.3

62.585
64.

3934

66.2586

€6.

1871

70.186

2.,
74.
76.

2631
4272
6879

79.056

Bl.
84.
86.
8S.
93.
96.
99.

5437
1€49
9355
8738
0009
341¢
9252

103.787
107.968
112.519
117.504
123.001
128.108

Critical crack size =

100
100
200
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

0.2641



Design Input from Consumers Energy

APPENDIX B

Revision
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Preparer/Date
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Comamers v >

A CMS Energy Company Pansaces Nuciear Pan!
27780 Bive Star Memora' Mignway
Covert. M/ 49047

November 12, 1897

Mr. Hal Gustin

Structural Integrity Associates, Inc.
3315 Almaden Expressway, Suite 24
San Jose, CA 95118-15657

SUBJECT: Flaw Analysis Inputs

MNear Mal:

This letter transmits design inputs for use in the flaw analysis being provided under
purchase order CO025456. The specific design inputs shown below are enclosed.

» Safety Analysis Report for the Ventilated Storage System, PSN-91-001, Rev 0, dated
October 1991, Table 11.2-1, Summary of Stresses(ksi) in the MSB Resulting from
the Hypothetical Horizontal Drop. The limiting event for the structural lid weld is the
horizontal drop accident, which is considered to be an emergency/faulted event.

. Safety Analysis Report for the Ventilated Storage System, PSN-81-001, Rev 0, dated
October 1991, Table 3.4-5, MSB Maximum Stress Evaluation.

. Certificate of Compliance ( C of C) for Dry Spent Fuel Storage Casks (No. 1007),
effective May 7, 1893, Section 1.2.13, Minimum Temperature for Moving the MSB.

. Certificate of Compliance ( C of C) for Dry Spent Fuel Storage Casks (No. 1007),
effective May 7, 1983, Section 1.2.14, Minimum Temperature for Lifting the MTC.

Certified Material Test Reports (Lot No. 32039 and 38380) for the weld material used on
the structural lid welds in MSB’'s 1-13 are enclosed. The CMTR (Lot No. 51122) for the
weld material to be used on future structural lid welds is also enclosed. The cask structural
lid welds will remain in the as welded condition following welding.

Please give me a ca!l if you have any questions.

Sincerely, e
Emil A. Zernick E Z
Engineering Lead -Dry Fue! Storage

RECEIVED
NOV 14 1987

STRUCTURAL INTEGRITY



TABLE 13.4-8

MSB MAXIMUM STRESS EVALUATION

Co=songat Stresses CALCUIL ATED VALUE KSI®
DEAD ASME
WEIGHT PRESSURE THERMAL HANDLING TOTAL LM
P, 0.1 0.1 N/A 0.9 1.1 208
MSB Shell P+ P, 0.1 13 N/A 2.4 3.7 307
P+Q 0.1 1.2 1.0 24 4.7 61.5
Bottom %o 0.02 0.06 N/A 1.0 11 20.5
Plate P.+P, 0.02 1.7 N/A 13 32 30.7
P+Q VUL bt ) B — 4
Top Lid ’ 0.0 0.0 N/A 0.1 0.1 20.5
P+ P, 0.0 0.4 N/A 02 0.6 30.7
P+Q 0.0 04 0.2 0.2 0.8 61.5
Bottom-to- A 0.1 0.2 N/A 0.9 1.2 0.9
Shell P+ P, 0.1 LY N/A 1.5 33 30.7
" ‘nction P+Q 0.1 1.7 15 1.5 48 61.5
Jp-to-shell P 0.0 0.06 N/A 02 03 15.4
.uaction P.+D 0.0 0.4 N/A 02 0.6 2.1
P+Q 0.0 0.4 04 02 1.0 46.1
Sleeve P 0.05 N/A N/A 1.8 1.9 20.5
Assembly PP 0.05 N/A N/A 21 p B | 307
P+Q C.08 N/A 520 21 542 61.5
Shield Lid- - 03 02 N/A 03 08 154
to-Shell P+ 03 08 N/A 04 1.5 23.1
Weld P+Q 03 08 13 0.4 28 46.
Shield Lid A 0.4 N/A N/A 03 0.7 184
Support P.+P 0.4 N/A N/A 03 0.7 23.1
Ring Weld P+Q 04 N/A 0.0 03 0.7 46

’ Values shown are maximums irrespective of location
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1.2.13 Minimum Temperature for Moving the MSE

Limit/Specification:

Objective:

Action:

. s
FLLRA REEE TS 3N

Basis:

Movement of the MSB inside the VCC will only be allowes s
ambient temperatures of 0° I or above.

To avoid the potential for brittle failure.

Confirm that the ambient temperature is above 0° F immediately
before moving the MSB, while inside the VCC.

THE @MY I EHL cwpel aLui s 20811 Ve BEEdUI ¥U UETOre movement of

the MSB.

Each MSB shell material will have shown, during fabrication,
by Charpy test (per ASTM A370) that it has 15 ft-1b of
absorbed energy at -50° F; and, therefore, movement of the MSB
at temperatures above 0° F will avoid the potential for
brittle fracture. Calculations show that the MSB shel)
sirisus temperature will be substantially above the ambient
temperature (e.g., 20 °F for 25-year-old fuel). However, for
conservatism and simplicity, it is recommended that the
ambient be selected as the minimum MSE movement temperature.
It is highly unlikely that any MSB movement activity would
take place at temperatures below zero. Nevertheless, if
movesent at a temperature below that specified is necessary,
calculations (similar to those presented in Chapter 4 of the
SAR) may be used to estimate the minimum MSE shell temperature
for any particular ambient condition.

A-28
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| 2.14 Minimum Temperature for L1€ting the MTC

Limit/Specification:

Objective:

Action:

FIVEEE IR T

Basis:

The MTC shall be allowed to be used to move the MSB if <=e¢
ambient temperature is 40° F or above.

To avoid the potential for brittle failure.

Confirm that the ambient temperature is above 40° F before
moving the MSB inside the MTC.

-\ . wer b i ane b mevmamad . ehaty L Ao nwwrimomdd il s
IR i e weow Ve b BB - - - ot ey o

movement of the MSB in the MTC.

The MTC material will have shown, during fabrication, that it
has 15 ft-1b of absorbed energy at 0° F. Maving Charpy test
~esults, at 0° F, which show ductility (or other appropriate
test to show that the N1l Ductility Temperature is lower than
0° F), will aveid the potential for brittle failure when the
cask 1s moved at 40° F or higher. The MTC shell will hive a
temperature higher than ambient due to the heat scurce from
the {rradiated fuel. However, for conser.qtism and
simplicity, it is recommended that the ambient temperature be
used as the minimum shell temperature. I[f movement at lower
temperatures is ever required, additional specific analysis or
other actions that meet the approval of the NRC must be
provided.

A-29
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: ALLOY RODS CORPOPATION CERTIFICATE OF AMALYSIS

P.O.BOX $17/1500 KAREN LANE
HANOVER, PA 17331

¢4 cnrxnnfﬁ‘rﬁiﬂ'mr REPORT

WELDSTAR COMPANY Customer Order No.i1 2244A-A

. 1750 MITCHELL lOA.D Crder No.: 144017-1
: Aumu. 1L 60304 . This Material Conforms to Spacification:
.;' & “;«;:J_ . ASME SFA 5.20 SBC II'PART C & ASME SBC 1II SUBSEC
s R L O S : NE FOR CLASS 1 MATERIAL 1989 ED., 1990 ADD. ASME
¥ Trade NamaBls.poc % o SPA 3.01,.CLASS T2 SCH. K, 10 CFR PAXT 21 APPLIES
o > Trademack:, Dual ghield 11 10 "B e B - i .
Diunur uu.,.ou- x 252 Spool Tt _‘!_‘_Tnu E717T-1 R ! .
S %k Welghty,7,200 1bs. - »,,_,f,_’ Test Mo.i. 2-19406-00 L,..,
e e LOt Wumbari- 32039 - R o e * X~Rays Satisfactory 7 :‘,~ -
Wy Carbony’# oo . B 2 -sart;m- Steel A-288 & .~s.-’: y »
Splu. Triplegse Quad. }Voxu c N . ®
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Years
PO BOX 1180

CUSTOMER:
CUSTOMER POw:
SHIP TICKET #
DESCRIPTION:

. .

AURORA, IL 60507-1150

CERTIFICATE OF COMPLIANCE
ISSUED: August 22, 1997
Consumers Energy
00238240
N91729%
495 s spooled wue (334 spools) ESAB

e e e ko)
T

AP - ——

WY e awal e e e

PHONE (830) 858-3100

Lo 51122

The sttactad CMTR(s), coe copy per gexn, covers the matenal shipped agamst the above referenced purchase order
Dumber.

The above mmterml will meet code requirements of ASME Section [I, Part C and Section [I1 1 986 Edmcn through
1988 Addends, NE2400 for Clams | msterml, with special mmpect properties of 1 5 8/t mmumun sbsorbed energy
o -50° F, and the requurements of ASME Boller and Pressure Vessel Code current edion and addends for Sectian
IL C, SFA 520, snd s m complisnce with the above referenced purchase order mumber. We certify that the
materal shipped has been handled m complisnce with owr identification snd venficathon program.

All vendon oo Weldstar's spproved vendors List have been sudited by Weldstar.

Weldstar's Quality Assurance Program Revision K. dated November 12, 1996 meets the requrrements of ASME
Section [T, NCA-3800, 1995 Edmon.

The provisions of NRC 10CFR Part 21 apply to ths order

O

.

1750 MITCHELL ROAD, AURORA, IL 60504-9594
1000 E. MAIN STREET, LOGANSPORT, IND. 46947-5011
26850 BCND STREZT, UNIVERSITY PARK, IL 60466-3181

PHONE (830) £59-3100
PHONE (2.8) 722-1177
PHCNE (708) 834-£561




WUG-22.97 99:18 FROM:ESAE OC

2ESAB GROUIP

71763R232ES TO: WELDSTAR PRGE: 21

CERTIFICATE OF ANALYSIS

CERTIVIED MATERLALS TEST REPORT

'WELDSTAR COMPANY
1750 MITCHILL ROAD
AURORA, IL 60504

Custamer Order Mo.: 901356
Order Wo.: 68953/RMA 3798
™is Materii)l Conforms to Specificatiom:
ASME SFA 5.20 SEC 11 PART C AND ASME SEC
111, SUBSEC NB FCR CLAJS 1 MATIRIAL 1953
ED.. 1995 ADD., ASME SFA 3.01, CLASS T3,
SCHNEDULE K, 10 CFR PART 21 APPLIES

Tradse Mame
or Trademark: Dual Shield 11 70712
Diameter Sise: .045" x 33¢ Spool Type: E71T-1 / 71T7-12MJ [/ 71T7-12MJH8
Waight: 4,752 1bs. Test MNo.: 2-27679-00
Lot Mumbar: 51122 Shielding Gas: 75X AR / 251 CO,
X-Rays Satisfactery
Carbon: .07 Type Steal A-283
Manganase: 1.30 Full Split Tripls Quad Veits Amps
Chromium: .02
Wi v 0 > . -— - 29 240 ™'e
S{licon: .39
Columbium: Test As Stress
Tentalom: Results: Welded Ralieved
Mo lybdenram: .01 8 Hrs. @ 1150°r.
Tungeten: Yield 81,000 73,300
Copper: <.01 Tensile 88,000 85,500
Titanium: Elongation (2%), 2 28.0 27.0
Phosphorus: .013 Red. of Areca 72.4 73.4
Sulpbur: .007
Vansdium: .01 Charpy V-Motch Impacts Testad @ O°F.

i Cobalt: Fe. Lbs. 109-117-320 90-0c~52
Cool Rate: 100°r. Lat. Exp. 83-7¢-80 71-61=67
max/hr. above 600°F. 2 Sheat 70-70~70 60-70-70

Prebeat: &5°F.
Interpass: 325°F. Charpy V-dotch Impacts Tested @ -20°F.
Ft Lbs. 112-96-107 41-73-50
Fillets: OK Vertical-lp/ Lat. Bxp. 83-69-70 33-87-39
Overhead I Shear 70=70-70 30-40-30
Charpy V-Sotch Impacts Tested @ -40°F.
Fr. Lds. 99-78-109-102-102
Lat. Bxp. 69-56-78-74-70
Tenslle Specimen .308* 2 Shear 70-70-70-50-5%0

Impact Specimen .394" x .354"

Quallity Syvtane Program lesees
So. 5, hov. 4, Satad 07/10/%.

Locetion & Urilsotation of Charpy-v-Sotch/Sens Lie
Opecismas Lo I/A/V MGE KX-2)13 avt/or AR/BFA
spaal fications er applicadle.

State of Pesneylvania )

) =
Counry of Yern

BupecTibed and wwarr o Defore W this
30 way of Auguet,

w SEnl_ C.Mhers’

TR satarial e oariliflisd w o
[ree of ary Rorewry centaminetion.

Cuality Fystems Cartriicate Bo. QBC-33)
Expization Date: Septasdar 8, 1999,

The endarvignee certifies t2a the cemtants of this ropart are
SCCUrale and thal all oparations perforumd by the undersignec
or Fub-coMtractars are is compliance wild requiresants ¢’ tie
satarial speoilication and ANG bal.sr and Prossure Vessel
Covw, Baction II1, Divieiom I, Fubewctien PCA-JP00.

Tae Esab Group, '.nc.
1500 KAREN LANE

. 30X §17
HANOVER, PA 17331.1088 "
(717) 6374911 o e

FAX BCO-4448-801"




ZST #0.1 2-27679-00
age 2

tarpy v-Botch 1 t3 Tested @ -S0°Y. (M-Uclded)
*. Lbe. 77-84~85
at. EBxp. 59~66~66

Shear 50-60-72

GLYCTLINS NETHOD

EYPEOGEN ARALYSIS

/100 G OF WELD METAL

AVEIALE

ARC VOLTAGCE 26

AXPERES 230




0.217%
0.22%
0.2325%
0.24
0.247%
0.255
0.2625
0.27
0.277%
0.285
0.292%
0.3
0.307%
0.315%
0.3225
0.33
0.337%
0.345
0.3525

~n -
woeww

0.3675
0.37%

85.8302
68.5352
92.0581
95.6015

$3.
102.
106.
109.
313.
327,
320.
124.
129.
13%.
341,
146.
152.
398,

161
736
325
926
539
162
793
431
959
523
122
752
412
0s8

163.81

.~

- -

178.
181.

Raea
-

298
071

Critical crack size =

0.1735

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

LK
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Structural Integrity Associates, Inc.
3315 Almaden Expressway, Suite 24
San Jose, CA 95118-1557
Voice: 408-978-8200
Fax: 408-978-8964
E-mail: info@structint.com

Linear Elastic Fracture Mechanics

Date: Thu Nov 20 11:00:13 1997
File: B0.LFM

Title: CPC-06Q: LIMITING ZERO DEGREE FLAWS
Load Cases:

Case: DROFZ =~~~ Stress Distrihution

Depth Stress

0.0000 43.3000

0.3750 7.2000

0.7500 -28.9000

Stress Coefficients

~ase 1D co Ccl c2 c3 Type
RESIDUAL 30 0 0 0 Coeff
MEMBRANE L 5 0 0 0 Coeff
DROP2 43.3001 -96.2668 0 0 StressDist

Crack Model: Single Edge Cracked FPlate

Crack Parameters:

Plate width: 0.7500
Max. crack size: 0.3750
-------------------- Stress Intensity Tacltofrreoensosssannmasmsnans
Crack Case Case Case
Size RESIDUAL MEMBRANE DROP2

“"_.







*~terial fracture toughness:

-cerial ID: AS16_B0O

Depth Klc
0.0000 80.0000
0.3750 80.0000
0.7500 80.0000

Load combination for critical crack size:

Load Case Scale Factor

RESIDUAL 1.0000

DROP2 1.0000

Crack Total

Size K Kle
0.0075 12.1053 80
0.015 17.1326 80
0.0225 20.9978 80
0.03 24.2618 80
0.037% 27.1415 80
0.045 29.7478 80
0.0525 32.1464 80
0.06 34.3801 80
0.0675 36.4785 80
0.07% 38.4631 80
- 00,0825 40.897 80
0.08 43,2918 80
0.0975% 45.6544 80
0.105 47.9897 80
0.1125 50.3021 80
.12 52.5947 80
0.1275% 54.8703 80
0.13% $7.131 80
0.1425 59,3787 80
0.15% 61.6148 80
0.157% 64.2884 80
0.165 66.9671 80
0.172% 69.6506 80
0.18 72.3386 80
0.187% 75.0308 80
0.195 77.7265 80
0.202% 80.4253 80

0.21 83.1267 80



0.2175%
0.225
0.2325%
0.24
0.2475
0.25%
0.2625
0.27
0.2775
0.285
0.2925
0.3
0.3075
0.315
0.3225
0.33
0.3375
0.345
0.3525%
0.36
V.30/3
0.37%

85.8302
88.5352

.......

169.544
419,490
161.071

Critical crack size =

0.2013
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pc~-CRACK for Windows
Version 3.0, Mar. 27, 1997

(C) Copyzight '84 - *'97

Structural Integrity Associates, Inc.
331% Almaden Expressway, Suite 24

San Jose, CA 95118-1557

Voice: 408-978-8200

Fax: 408~-978-8964
E-mail: info@structint.com

Linear Elastic Fract'-e Mechanics
Date: Thu Nov 20 11:00:%51 19987
File: QO.LFH
Title: CPC-06Q: LIMITING ZERO DEGREE FLAWS
Load Cases:

Case: DROP2 -~~~ Stress Distribution

Depth ™ Stress

0.0000 43,3000

0.3750 7.2000

0.7500 -28.9000

Stress Coefficients

case ID co < 1 c2 c3 Type
RESIDUAL 30 0 0 0 Coeff
MEMBPANE Vel 0 0 0 Coeff
DROP2 43.3001 ~-9€.2668 0 0 StressDist

Crack Mcdel: Single Edge Cracked Plate

Crack Parameters:

Plate width: 0.7500
Max. crack size: 0.375%0
-------------------- Stress Intensity Factor===srerccccncccceca
Crack Case Case Case
Size RESIDUAL MEMEBRANE DROP2

a8



0.007%
0.0150
0.0225%
0.0300
0.037%
0.0450
0.0525%
0.0600
0.0675
0.0750
0.0825
0.0900
0.0975
0.1050
0.1125
0.1200
0.1275
0.1350
0.1425
0.1500
Vedo'ad
0.1650
0.172%
0.1800
0.1875
0.1950
0.202%
0.2100
0.2175
0.2250
0.2325
0.2400
0.2475
0.2550
0.2625
0.2700
0.277%
0.2850
0.292%
0.3000
0.3075
0.3150
0.3225
0.3300
0.337%
0.345%50
0.352%
0.3600
0.367%
0.3750

4.98488
7.09853
8.75371

10.179

11.
12.

4554
€334

13.937

14.
15.
16.
.9075
19,
20.
21.
22.
23.
24,
25.
27.
28.
9.
.1029
32.
33.
35,
36.
38.
38.
41.
42.
44.
46.
48.
50.

17

3l

7832
7635
7465

0627
2147
3655
5167
6625
8252
9845
1482
3168

are

5197
9523
4007
B64¢
3448
8404
3515
8782
8048
7591
7407
7491

52.784

54.
56.
59.
61.
63.
66.
€9.
72.
5.
79.
82.
es.
89.
82.
g6.

8452
9322
0448
1827
3458
4177
5356
698¢
9066
1584
4538
7917
1722
£84¢
0581

.19637
. 70365
.10088
L4424¢F
. 74931
.03202
.29688
.54796
.78805%
.01917
.29781
.57506
85153
38371
5.404
. 68069
. 95805
.23629
. 9158867
.79604
rYa-L N
.46469
.B0472
.14858%5
.49617
.84758
.20276
.56169
92437
.2908
1932
2222
.6978
.1798
.6682
.1628
. 6637
.1708
.6838
.2029
.9402
.6886
L4477
18.2176
18.998
19,7885

20.59
21.4013

- e B B Ao |
L2-‘¢2’

23.0539%

e &b B W Wt )R e e

WVWWwwaoom-J-J- oo nn
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-
E

S
B LRI N

7.12042
10.034

32,
14.
13.
17.
18.
19.

2441
0g4¢
686€.
1144
40894
596¢

2V.695

21.
22.
24.
25.
26.
27.
28.
30.
31.
32.

7166
9894
2291
4357
6243
7854
9252
0451
1465
2305

33.298

o

35.
37
38.

YooY
8642
1309
3864

39.63

40.
42.
43
44.
45.
47.
48.
$0.

S1.
53.
8s.

8616
0805

.2863

4787
6371
2543
BA24
4204
9869
5409
0813

56.607
56.117

59.
61.
63.
65.

€102
0esé
5413
9877

68.423

70.
73.
75.
78.
80.
.7036
8s.

82

B454
2532
6445
0178
3714

0129
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~terial fracture toughness:

-cerial ID: A516_90

Depth Klc
0.0000 90.0000
0.3750 90.0000
0.7500 20.0000

Load comhination for critical crack size:

Load Case Scale Factor
RESIDUAL 1.0000
DROP2 1.0000
Crark Total
Size K Kle
0.007%5 12.1053 50
0.015 17.1326 90
0.0225% 20.9978 90
0.03 24.2618 90
0.0375 27.1415% 90
0.045 29.7478 90
0.0525 32.1464 90
0.0¢€ 34.3801 90
0.0675% 36.4785 90
0.075 38.4631 90
0.0825 40.8%7 40
0.09 43.2918 90
0.0975% 45.6544 90
0.105 47.9897 90
0.1125 50.3021 S0
0.12 $2.5947 90
0.127% 54.8703 90
0.135 37.133 90
0.1425 59.3787 90
0.15 61.6148 90
0.187% 64.2884 90
0.165% 66.9671 90
0.172% 69.6506 9y
0.18 72.3386 S0
0.187% 75.0308 90
0.19% 77.7265% 90
0.202% B80.4253 90
0.21 83.12€67 o0

22%
'
‘>
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Structural Integraty Associates, Inc.

3315 Almaden Expressway, Suite 24
San Jose, CA 95118-1557
Voice: 408-978-8200
Fax: 408-978~8964
E-mail: infof@structint.com

Linear Elastic Fracture Mechanics
Date: Thu Nov 20 11:01:34 1997
File: 100.LFM
Title: CPC~-06Q: LIMITING Z2ERO DEGREE FLAWS

Locad Cases:

Case: DROP2 --- Stress Distribution

Depth Stress
0.0000 43.3000
0.3750 7.2000

0.7500 -28.9000

Stress Coefficients

~ase ID co C1 c2 €3 Type
RESIDUAL 30 0 0 0 Coeff
MEMBRANE 1.3 0 0 0 Coeff
DROP2 43.3001 -96.2668 0 0 StressDist

Czack Model: Singie Edge Cracked Plate

Crack Parameters:

Plate width: 0.7500
Max. crack size: 0.3750
-------------------- Stress Intensity Factor~=r-eccocccccccncnces
Crack Case Case Case
Size RESIDUAL MEMBRANE DROP2

-

N

"2



OO0 0000000000000 000CO00000000CJI 0000000000000 D0DO0O0CDO0O00O

.007%
.0150
.0225
.C30¢C
.037%
. 0450
.0525%
.0600
.0675
.0750
.0825
.0900
.0975
.1050
.1125
.1200
.1275
.1350
.1425
.1500
2273
. 1650
.1728
.1800
1875
.1950
.2025
.2100
<2175
. 2250
.232%
.2400
.247%
.2550
2625
.2700
.2775
.2850
2525
.3000
. 075
.3150
.322%
.3300
3378
. 3450
. 3952%
. 3600
. 3€75
3780

4.98488
7.09853
8.783M

10.27°

11.
12.

4254
€334

13.737

14.
15,
16.
17
19.
20.
21.
a3,
23.
24.
25,
- 2 28
28.
PN
31.
32,
33.
35.
36.
38.
39,
41.
42.
44,
46.
48,
50.

7832
7835
7465

.907%

0627
2147
3655
5167
6€95
8252
9845
1482
3168
1029
$197
9523
4007
8649
3448
8404
3515
8782
8048
7591
7407
7481

52.784

54.
56.
59.
61.
€3
66.
€9.
72.
78.
79.
g2.
85.
89.
92.

96.

8452
9322
0448
1827

. 3455

4177
5356
6988
90686
1584
453¢
7917
1722
844
es5el

.19€637
. 70365
.10089
LR424¢%
. 74931
.03202
.29688
.54796
.78805
.01917
.29781
.57506
.85153
12771
5.404
.68069
.95805
.23629
.5155%7
.79604
.4646°
.80472
.14855
.49617
.84758
.20276
.56169
. 92437
.2908
.1532
.2222
.6978
.1798
. 6682
.1628
. 6637
.1708
.6E38
.2029
.9402
.6886
L4477
.2176
18.998
19. %99

20.59
21.4013
22.2227
23.0539
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7.12042
10.034

12
14.
15.

37,

18.
19.

L2441

084°
68¢ecl
1144
4094
59€3

20.695

21.
22.
24
25.
26.
27.
28.
30.
31.
32

7166
9894

.2291

4397
€243
7854
9252
0451
1465

.2305

33.298
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-

38.
37
38.

- e

8642
1309
3864

39.63

40.
42.
43.
44.
45.
47
48.
50.
sl.
53.
1)

8616
0805
2863
4787
6571

.2543

8424
4204
e86°
5409
0e13

56.607

$8.117

$9.

61.

63.
€5.

6102
7R
5413
9877

66.423

70.
.2532
5.
78.
80.
.7036
85.
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6445
0178
3714
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“aterial fracture toughness:
aterial ID: A516_100

Depth Klc

0.0000 100.0000
0.3750 100.0000
0.7500 100.0000

Load combination for critical crack size:

Load Case Scale Factor
RESIDUAL 1.0000
DROP2 1.0000
Crack Total
Size K Klc
0.0075% 12.1053 100
0.01% 17.1326 100
0.0225% 20.9978 100
0.03 24.2618 100
0.037% 27.1415 100
0.045 29.7478 100
0.0525% 32.1464 100
0.06 34.3801 100
0.0675 36.4785 100
0.075 38.4631 100
0.0825 40.897 100
0.09 43.2918 100
0.087% 45.6544 100
0.105 47.9897 100
0.1125 50.3021 100
0.12 $52.5947 100
0.127% 54.8703 100
0.135 57.331 i00
0.1425 £9.3787 100
.19 61.6148 100
0.157% 64.2884 100
0.165 66.9671 100
0.172% €9.6506 100
0.18 72.3386 100
0.187% 75.0308 100
0.195 77.7265 100
0.2025% 80.4253 100
0.21 83.1267 100

.
;



0.217%
0.225
0.2325%
0.24
0.247%
0.255
0.2625
027
0.277%
0.285
0.2925
0.3
0.307%
0.31%
0.322%
0.33
0.3375
0.345
0.352%
0.36
V.30/2

0.375

85.8
88.5
02.0
3 DR
89,
102
106.
109.
3113.
317,
120
124.
129.
138,
141.
146.
1582.
158.
163
169.
sid,
181.

302
352
S9

> ne»

161

736

325
926
539
162

.793

431
959
523
122
752
412
098
.81
544
L
071

Critical crack size =

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
v
100

0.2483
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Structural Integrity Associates, Inc.
3315 Almaden Expressway, Suite 24
San Jose, CA 95118-1557
Voice: 408-978-8200
Fax: 408-976-8964
E-mail: info@structint.com

Linear Elastic Fractur= Mechanics

Date: Mon Nov 24 12:13:59 19897
File: CCP60A.LFM
Title: CPC-06Q: SUBSURFACE DEFECT, KID=60

Load Cases:

Case: DROP2 ~-- Stress Distribution

Depth Stress
0.0000 43.3000
0.375%0 7.2000

0.7500 ~28.5000

Stress Coefficients

.ase ID co Cl c2 C3 Type
RESIDUAL 30 0 0 0 Coeff
MEMBRANE i 0 0 0 Coeff
DROP2 43.3001 ~96.2668 0 0 StressDist

Crack Model: Center Cracked Plate Under Remote Tension Stress

Crack Parameters:

Plate Half Width: 0.3750
Crack depth: 0.3000
-------------------- Stress intensity Factoree~=eccoccnsccccosecns
Crack Case Case Case
Size RESIDUAL MEMBRANE DROP2

p

p—

Al



g:c:c:c:c:c:c:t:<)c>c>c>c>¢:¢:<><:é>c:c>¢:¢><:<>c><:c>c:c>c>c><>c>c>c>c>c>c><>c:c:c:c,c>c><>c>c>cno

.0060
.0120
.0180
.04l
.0300
.0360
.0420
.0480
.0540
.0600
.0660
.0720
.0780
.0840
.0900
.0560
.1020
.1080
.1140
.1200
.1260
.1320
.1380
.1440
.1500
.1560
.1620
.1680
L1740
.1800
.1860
.1920
.1980
.2040
.2100
.2160
.2220
. 2280
.2340
.2400
.2460
.2520
.2580
.2640
.2700
.2760
.2820
. 2880
2940
.3000

4.11943
5.82841
7.14374
B.257€¢€
9.24501

10.
10.
11.
12.
13.
13.

1444
9791
7643
5107
2264
9176

14.589

1%

15.

7449
gegé

16.523

17.
17.
18.
19.

1508
7742
3954
0164

19.639

20.
20.
21.

2651
89653
£349

22.182

22.
23.
24.
24,
+ 29,
26.
27.
27.
28.
29.
30.
31.
32.
33.
.44€7
35.
36.
38.
39.

34

8398
509¢
1944
8952
6146
3547
1181
9074
7255
5756
4613
3866
3558
3739

5807
7832
0631
4304

40.897

42.
44.
4€.
48.
£0.
52.

4774
1866
0514
0916
3414
8414

0.988664
1.39882

1.714%
1.98184
2.2188
.43466
.63498
.82342
.00257
.17434
.34021
.50137
.65878
.81326
.96552
.11618
4.2658
.41489
.56392
.71336
.B0303
.01516
.16837
. 32369
.48154
.64238
.B0665
.97486
6.1475
. 38513
.50834
.69777
.89411
.09814
.31071
.53277
.76538
.00874
26722
.53936
.82798
.13514
.46328
.81529
10.154¢
10.6053
11.0523
11.542
12.0819
12.6819

S WWWWWWwWwNoNNND
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$.94573
8.41235
10.3108
11.918¢
13.3437
14.6418
15.8465
16.9798
18.0572
19.0902
20.0877
21.0569%
22.0035
22.9326
23.8482
24.7543
25.6541
26.5507
27.447
28.345%7
i¥.c494
30.1607
31.0821
32.01€1
32.9655
33.9327
34.9206
35,9322
36.9705
38.0387
39.1405
40.2797
41.4605
42.6875
43.965°
45.3013
46.7002
48.1698
49.7182
51.3549
$3.0906
54.9378
56.9112
59.0282
61.3082
63.7789
66.4€77
€9.4124
72.659%
76.2679

+ o
41
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0.174
0.18
0.186
0.182
0.198
0.204
.23
0.216
0.222
0.228
0.234
0.24
0.246
0.25%2
0.258
0.264
0.27
0.276
0.282
n.288
0.2%4
0.3

62
64.
6€.
€6 .

70
2.
74.
76.

79
81.
B4.
86.
89.
93.
96.
99.

103.
107.
112.

119

123.
129.

. 585
3934
2586
71
.186
2631
4272
6879
.056
5437
1649
9355
8738
00Cs
3416
9252
787
968
219
&n4
001
109

Critical crack size =

0.1652

60
60

6C
60
60
60
€0
60
60
60
60
60
60
60
60
60
60
60
an
60
60

AdS
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Structural Integrity Associates, Inc.
3315 Almaden Expressway, Suite 24
San Jose, CA 95118-15%7
Voice: 408-978-8200
Fax: 408-978-8964
E-mail: info@structint.com

Linear Elastic Fracture Mechanics

Date: Mon Nov 24 12:15:34 1997
File: CCP70.LFM
Title: CPC-06Q: SUBSURFACE DEFECT, KID=70

Load Cases:

Case: DROP2 --~ Stress Distribution

Depth Stress
0.0000 43.3000
0.375v 7.2000

0.7500 -28.9000

Stress Coefficients

vase 1D co £l c2 €3 Type
RESIDUAL 30 0 0 0 Coeff
MEMBRANE 2.2 0 0 0 Coeff
DROP2 43,3001 -9€.2668 0 0 StressDist

Crack Model: Center Cracked Plate Under Remote Tension Stress

Crack Parameters:

Plate Half Width: 0.3750
Crack depth: 0.3000
-------------------- Stress Intensity Factog====ssasscnncesancnn
Crack Case Case Case
Size RESIDUAL MEMBRANE DROP2




.0060
.0120
.0180
0240
.0300
.0360
.0420
.0480
.0540
.0600
.0660
.0720
.0780
.0840
.0900
.0960
.1020
.1080
.1140
1900
.1260
1320
.1380
.1440
.1500
.1560
.1620
.1680
.1740
.1800
.1860
.1920
.1980
.2040
.2100
.2160
.2220
.2280
2340
.2400
L2460
.2520
.2580
.2640
.2700
.2760
2820
.2880
.2940
.3000

0
0
0
0
0
0
0
0
e
0
0
0
0
0
0
0
0
0
0
n .
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
¢
0
0
0
0
0
0
0
0
0
0
0

4.11943
5.82841
7.14374
$.280 66
9.24501
10.1444
10.9791
11.7643
12.5107
13.2264
13.9176

14.589
15.2449
15.8886

16.523
17.1508
17.7742
18.3954
19.0164
10 €20
20,2651
20.8965
<1.534%
22.182
22.8398
23.5099
24.1944
24.8952
25.6146
26.3547
27.1181
27.9074
28.7255
25.5756
30.4613
31.3868
32.3558
33.373%
34.446€7
35.5807
36.7832
38.0631
39.4304
40.897
42.4774
44.1886
46.0514
48.091¢€
50.3414
52.8414

0.988664
1.39882
3.714%
1.98184
2.2188
43466
.63498
.B2342
.00257
.17434
.34021
.50137
.65878
.81326
.96552
.11618
4.2658
.41488
.56392
71121¢
.86363
01516
.16637
.32369
.48154
. 64238
.B06€5
.97486
6.1475
.32513
.50834
.69777
.89411
.09814
.31071
.33277
. 76538
.00974
.26722
.53936
.82798
.13514
.46328
.81529
10.1946
10.6053
11.0523
11.542
12.0829
12.6819
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5.94573

8.4
10.
13.
14.
15.
l6.
18.
19.
20.
2l.
22.
22.
23.
24.
25.
26.
27
78
29.
30.
3l.
32.
32.
33.
34.
35.
36.
38.
39.
40.
41.
42.
43.
45.
46.
48.
49.
sl.
$3.
54.
56.
59.
6l.
€3.
66.
€9.
184
4.

123%
3108

.918¢€

3437
6418
84€5
9798
0572
0902
0877
0569
0035
9326
8482

7543

6541

5507

L4477

34%7
2494

1607

0821

0161

9655

9327

9206

9322

9705
0387

1405
2797
4605
6875
9659
3013
7002
1€98
7182
3549
0906
9378
9112
0282
3092
77€9
4677
4124

GK:K
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2679



““aterial fracture touchness:

saterial ID: aS5lé6-70

Depth Klc
0.0000 70.0000
0.3750 70.0000
0.7500 70.0000

Load combination for critical crack size:

Load Case Scale Factor
RESIDUAL 1.0000
DROP2 1.0000
\.-o.b.h iViad
Size K Kle
0.006 10.0652 70
0.012 14.2408 70
0.018 17.4545 70
0.024 20.1762 70
0.03 22.5887 70
0.036 24.7863 70
0.042 26.8256 70
0.048 28.7441 70
0.054 30.5679 7¢C
0.06 32.3166 70
0.066 34.0083 70
0.072 35.6459 70
0.078 37.2484 70
0.084 38.8211 70
0.09 40.3712 70
0.096 41.905% 70
0.102 43.4283 70
0.108 44,9461 70
0.114 46.4633 70
0.12 47.9847 70
0.126 49.5145 70
0.132 51.0572 70
0.138 $2.617 70
0.144 54.1982 70
.15 $5.8082 70
0.156€ $7.4426 70
0.162 56.115 70
0.168 60.8274 70
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0.174
0.18
0.186
0.i32
0.198
0.204
0.21
0.216
0.222
0.228
0.234
0.24
0.246
0.252
0.258
0.264
0.27
0.276
0.282
n 200
0.294

0.3

62
64.
6€.

74.
76.

. 585
3934
2%8¢€

4272
6879

79.056

8l.
84.
86.
89.
93
96.
99.

103.

107

112.

197

123.
129.

5437
1649
9355
8738

.0009

3416
9252
787
. 968
S19
Ly
001
109

Critical crack size =

0.1976

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

rd
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Linear Elastic Fracture Mechanics
Date: Mon Nov 24 12:16:49 1997
File: CCPBO.LFM
Title: CPC~06Q: SUBSURFACE DEFECT, KID=80
Load Cases:

Case: DROF2 -~~~ Stress Distribution

Depth Stress
0.0000 43.3000
0.375%0 7.2000

0.7500 -28.5000

Stress Coefficients

Case ID co o § c2 Cc3 Type
RESIDUAL 30 0 0 0 Coeff
MEMBRANE Y 0 0 0 Coeff
DROP2 43.3001 -96.2668 0 0 StressDist

Crack Model: Center Cracked Plate Under Remote Tension Stress

Crack Parameters:

Plate Half Width: 0.3750
Crack depth: 0.3000
-------------------- Stress Intensity Factor~=-e-vcvcceccrcccconns
Crack Case Case Case
Size RESIDUAL MEMBRANE DROP2




0000000000000 O0O0O0CO0O0OOO PO000O00O0C0DO0ODO0O0OO0CO0CODO0OO000

.0060
.0120
.0180
.0240
.0300
.0360
.0420
. 0480
. 0540
.0600
. 0660
.0720
.0780
.0840
. 0900
.0860
.1020
.1080
.1140

1260

.1260
.1320
.1380
1440
.1500
1560
.1620
.1680
.1740
.1800
.1880
.1920
.1980
.2040C
.2100
.2.60
.2220
.2280
.2340
. 2400
L2460
2520
.2580
.2640
.2700
.2760
.2820
.2BB0
2940
. 3000

.11943
.B28B41
.14374
as 16§
.24501
10.1444
10.9791
11.7643
12.5107
13.2264
13.9176
14.588
45,4449
15.8886
16.523
17.1508
17.7742
18.3854
18.0164
18 €29
20,2651
20.8965
21.5349
22.182
22.8398
23.5099
24.1944
24.8952
25.6146
26.3547
27.1181
27.9074
28.7255
29.5756
30.4613
31.3866
32.3558
33.3739
34.4467
35.5807
36.7832
38.0631
39.4304
40.897
42.4774
44.188¢
46.0514
48.091¢
$0.3414
52.8414
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0.988664
1.39882

1.7145
-.981E4
2.2168
.43466
.63498
.82342
.00257
.17434
.34021
.50137
.65878
.8132¢6
.96552
.11618
4.2658
.41489
.56392
712136
.B6363
.0151¢6
.16837
.32369
48154
. 64238
.80665
.97486
6.1475
.32513
.50834
.69777
.89411
.09814
31071
.53277
. 76538
.00974
.26722
.53936
.B2798
.13514
.46328
.81529
10.1946
10.6052
11.0523
11.542
12.081%
12.6819
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10.
13.
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16.
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21.
2.
22.
23.
24.
25.
26.
27
20
29.
30.
31.
32.
32.
33.
34.
35.
36.
38.
39.
40.
41.
42.
43.
45.
46.
48,
49
51.
83.
54.
56.
59.
61.
63.
66.
€9.
72

76.

3108

.9i8¢6

3437
6418
6465
9798
0572
0902
0877
0563
0035
9326
8482
7543
€541
5507
.447
LT e
2454
1607
0821
0l€l
9655
9327
9206
9322
970%
0387
1405
2797
4605
6875
9659
3013
7002
1698

7182

354°
0906
9378
9112
0282
3082
7789
4€77
4124

6595
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Material fracture toughress:

aterial ID: a516-80

Depth Klec
0.0000 80.0000
0.375%0 80.0000
0.7500 80.0000

Load combination for critical crack size:

Load Case Scale Factor
RESIDUAL 1.0000
DROP2 1.0000
Crack Total
Size K Klec
0.006 10.0652 80
0.012 14.2408 80
0.018 17.4545 30
0.024 20.1762 80
0.03 22.5887 80
0.036 24.7863 80
0.042 26.8256 80
0.048 28.7441 80
0.054 30.5678 80
0.06 32.3166 80
0.066 34.0053 80
0.072 35.6459 80
0.078 37.2484 80
0.084 38.8211 80
0.08 4C.3712 80
0.0%96 41.905 80
0.102 43.4283 80
0.108 44.9461 80
0.114 46.4633 80
0.12 47.9847 80
0.126 49.5145 80
0.132 91.08%2 80
0.138 $2.617 80
0.144 54.15€62 80
0.1% $5.8052 80
0.156 $7.4426 80
0.1€62 $9.11% e
0.1¢6¢ 60.8274 80
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0.174
0.18
0.186
0.1%2
0.198
0.204
0.21
0.216
0.222
0.228
0.234
0.24
0.246
0.252
0.258
0.264
0.27
0.27¢€
0.282
V.co8
0.294
0.3

62
64.
66.
68.

70
3.
74.
76.

79
8l.
84.
86.
89.
93.
96.
99.

103.
107.
112.

44/

123.
129,

.585
3934
258¢€
1871
.186
2631
4272
6879
.056
5437
1649
93585
8738
0009
3416
9252
787
96F
519
Db
ro1
109

Critical crack rnize =

0.2244

80
80
80
60
80
80
80
80
80
80
80
80
60
80
80
80
80
80
80
ov
80
80

A37
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.terial ID: ab%lé6-90

Material fracture toughness:

Depth Klc
0.0000 '90.0000
0.3750 90.0000
0.7500 90.0000

Load combination for critical crack size:

0.168

60.

8274

Load Case Scale Factor
RESIDUAL 1.0000
DROP2 1.0000
o hate)
Size K Klc
0.006 10.0€6%82 S0
0.012 14.2408 80
" 0.018 17.4545 90
0.024 20.1762 90
; 0.03 22.5887 90
{ 0.036 24.7863 90
0.042 26.8256 90
{ 0.048 28.7441 80
‘ 0.054 30.5679 90
0.06 32.3166 90
0.0€6 34.0053 S0
0.072 35.6459 90
0.07@ 37.2484 90
0.084 38.8211 90
0.08 40.3712 %0
0.096 41.505% 90
0.102 43.4283 90
0.108 44,9461 80
0.114 46.4633 90
0.12 47.9847 80
0.126 49.5145 80
0.132 51.0%72 S50
0.138 $2.817 80
0.144 $4.1982 80
0.1% $5.8052 80
0.15%6 57.4426 90
0.162 $8.115 80




