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I. INTRODUCTION

Applicant Private Fuel Storage L.L.C. ("Applicant" or "PFS") hereby responds to the

State of Utah's ("State") "Request for Admission of Late-Filed Contention Utah QQ (Seismic

Stability)," filed May 16, 2001 ("Request"). The State asserts that proposed Contention Utah

QQ ("Proposed Utah QQ") arises from newly revised design basis ground motions developed by

the Applicant to incorporate soils data collected at the PFS site.' The proposed contention, how-

ever, does not challenge the revised seismic analyses performed by Applicant, or the design

earthquake ground motions resulting from those analyses. Instead, Proposed Utah QQ alleges

that the newly revised design basis ground motions have not been correctly and consistently ap-

plied to the analyses of the Canister Transfer Building ("CTB"), the spent fuel cask storage pads,

and their soil cement foundations. Request at 8-1 1. The proposed contention further asserts that

PFS has failed to prove the adequacy of the use of soil cement in the design of the CTB and the

storage pads to help withstand the revised seismic loads, id. at 11-14, and also claims that PFS

has not fully taken into account the properties of the underlying soils at the PFS site in deter-

mining whether the safety-related structures at the site can withstand the revised seismic loads.

Id. at 14-15.

PFS letter, Parkyn to U.S. NRC, License Application Amendment No. 22, dated March 30, 2001 ("LA 22").
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As more fully discussed below, many of the claims raised by the State relate to the meth-

odology used by PFS to predict the performance of the CTB and the spent fuel cask storage pads

under seismic conditions. In the areas of concern raised by the State, that methodology has not

changed since the analyses were first performed. The balance of the State's claims challenge the

use of soil cement in the design. However, soil cement has been part of the PFS design since

December 1999. Thus, the issues the State seeks to litigate in Proposed Utah QQ could and

should have been raised either at the time that Contention Utah L was filed in 1997 or, at the lat-

est, when the PFS seismic designs and analyses were modified in 1999 and 2000.2

Proposed Utah QQ also repeats claims that have been previously rejected in this pro-

ceeding and raises claims that are speculative or otherwise flawed. Thus, the proposed conten-

tion fails to meet the standards for admissibility in NRC proceedings.

II. BACKGROUND

A. RELEVANT FACTS

On November 23, 1997, the State filed Contention Utah L, which challenged aspects of

the seismic design of the PFS facility. A month later, on December 23, 1997, the State filed a

"Request for Consideration of Late-Filed Contentions EE and FF" (hereinafter "EE Request").

The State's late-filed EE Request sought to challenge the seismic analyses of the spent fuel stor-

age casks, their pads and foundations. On April 22, 1998, the Atomic Safety and Licensing

Board ("Licensing Board" or "Board") admitted Utah L into this proceeding and rejected Utah

EE as impermissibly late. Private Fuel Storage, L.L.C. (Independent Spent Fuel Storage Instal-

lation), LBP-98-7, 47 NRC 142, 191, 253 (1998).

On December 16, 1999, Applicant filed License Amendment No. 8 ("LA 8"). This

amendment incorporated soil cement into the design of the PFS facility, to be used beneath the

2 Exhibit A hereto is a table listing the claims raised in Proposed Utah QQ and the date on which the design or
analysis features challenged in each claim were first identified by PFS. The Exhibit demonstrates that the claims
raised in Proposed Utah QQ address design or analysis features of which the State had knowledge a year or more
prior to the filing of Proposed Utah QQ.
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spent fuel cask storage pads. The documentation filed with LA 8 included specifications for the

soil cement, including the use of American Concrete Institute ("ACI") standards to govern the

procedures for placement and treatment of the soil cement.3 The calculations for the sliding sta-

bility of the cask storage pads under seismic loads were also revised to incorporate the effects of

the use of soil cement. (License Amendment No. 9, submitted on February 2, 2000.)4 Apart

from the use of soil cement, the cask storage pad sliding stability calculations utilized the same

methodology and assumptions as those in the initial calculation package dated July 14, 1997.5

On June 23, 2000, Applicant submitted License Amendment No. 13 ("LA 13"), which

revised additional seismic design calculations to take into account the effects of soil cement in

relation to the stability and function of soil cement as a "dynamic buttress."6  This amendment

also incorporated into the CTB design the use of a "shear key" (a circular structure intended to

minimize the potential sliding of the CTB in the event of an earthquake). 7 In terms of methodol-

ogy relevant to Proposed Utah QQ, the revised calculations submitted with LA 13 continued to

apply the same assumptions and methods as the previous versions of the calculations. Also, the

calculations for the CTB were based on the same general methodology used for the pads.8

On December 30, 2000, PFS moved for summary disposition of Utah L. The State filed a

response in opposition to the motion on January 31, 2001. State of Utah's Response to Appli-

cant's Motion for Summary Disposition of Utah Contention L ("Utah L Summary Disposition

Response.") In its response, the State sought to broaden the scope of Utah L by raising many of

3 SAR at 2.6-91 (Rev. 8). See Exhibit A, item 15 for further details.

4 See Exhibit A, item 1.

5 PFS letter, Parkyn to NRC, Submittal of Calculation Package, dated July 14, 1997, Exhibit A, item 3.

6 PFS letter, Donnell to NRC, "Submittal of Commitment Resolution Letter No. 3 Information," dated June 19,
2000. Calculation No. 05996.02-G(B)-4, Rev. 6, which was part of the package, incorporated the "buttress" ef-
fect of soil cement. See Exhibit A, item 12.

7 SAR Sections 2.6.1.11.2 and 2.6.1.12.2, Rev. 13. See Exhibit A, item 25.

8 For example, SWEC Calculation No. 05996.02-G(B)-4 examines the stability of the storage pads, whereas
SWEC Calculation No. 059906.02-G(B)-13 examines the stability of the CTB. The two calculations employ the
same methodology in areas (e.g., rigidity of the basemat or storage pad) that are being challenged by the State in
Proposed Utah QQ. See Attachments I and 2 to Exhibit A.
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the same issues which it has now included in Proposed Utah QQ, including for example attacks

on the seismic stability calculations for the CTB and the cask storage pads.9 The State's re-

sponse to the motion for summary disposition of Utah L also raised issues about the adequacy,

integrity and durability of soil cement, the effectiveness of the CTB shear key, and a variety of

other arguments identical to those now asserted in Proposed Utah QQ. '0 While raising these is-

sues was inappropriate in the context of Utah L because they were outside the scope of the ad-

mitted contention, by seeking to raise these arguments in January 2001 the State demonstrated

that the claims are independent of the modifications incorporating the revised design basis

ground motion, which were to be filed by PFS several months later.

On March 30, 2001, PFS filed LA Amendment 22 which provided revised design basis

ground motions, derived from the use of additional soils data. l 1 On April 26, 2001, the Board is-

sued an order setting May 16, 2001, as the due date for a State submission of a proposed conten-

tion regarding "[CTB] design changes, including use of soil cement, or revisions to storage pad

analyses, soils analyses, soil-cement design calculations/analyses, and Holtec site-specific cask

analyses."' 2 On May 16, 2001, the State filed its request to admit Proposed Utah QQ.

B. OVERVIEW OF CLAIMS RAISED IN PROPOSED UTAH QQ

In Proposed Utah QQ, the State has asserted three general types of challenges to the PFS

seismic design. As noted earlier, these general challenges are: i) that the calculations used to

determine the behavior of the CTB and the storage casks and pads in the presence of seismic

forces are oversimplified, incomplete or inaccurate; ii) that the soil cement whose use is pro-

posed for both the CTB and the cask storage pads has unknown properties, and may not behave

9 Utah L Summary Disposition Response at 20-23; State of Utah's Statement of Disputed and Relevant Material
Facts ("Utah L Statement of Facts"), ¶¶90-98.

'° Utah L Summary Disposition Response at 15-17; Utah L Statement of Facts ¶¶43-51, 62-64, 72-73, 76-77.

" PFS letter, Parkyn to NRC dated March 30, 2001 and attachments thereto.

12 Memorandum and Order (Schedule for Late-Filed Submissions Regarding License Application Amendment and
Page Limit Extension) (April 26, 2001) ("April 26, 2001 Order"). The April 26, 2001 Order also authorized the
State to submit by May 7, 2001 any late-filed issue statements with regard to the changes to the probabilistic
seismic hazard analyses arising from LA 22. The State failed to submit any such issues.
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in the way that the PFS analyses and designs assume;' 3 and iii) that the properties of the soils at

the site have not been properly taken into account in the design analyses and calculations.

1. Design Calculations Incorporating Ground Motions

The State challenges as oversimplified and non-conservative the methodology applied by

PFS in its revised calculations that incorporate the new design ground motions. Request at 8-1 1.

The State views as oversimplified certain assumptions made in the calculations, such as the ri-

gidity of the CTB mat and storage pads, the behavior of structures when subjected to ground

motions, and the characteristics of those ground motions. Id. at 8-9. The State argues that PFS

has failed to properly take into account out-of-phase ground motions, the potential multiplicity of

seismic wave patterns that will arrive at the site, and the need to utilize multiple time histories in

both the CTB and storage pad/cask response calculations. Id. at 9-11. As discussed below, these

issues are not being raised for the first time in Proposed Utah QQ, nor do they result from the re-

visions to the design ground motions. Rather, the same issues were propounded over three years

ago in Proposed Contention EE. The State also raised the same issues early this year, in its at-

tempt to defeat the Applicant's motion for summary disposition of Utah L (a matter currently

pending before the Board). Thus, the inclusion of these issues in Proposed Utah QQ represents

the State's third attempt to find a way to litigate them.'4

13 The State, and its witness James Mitchell, seek to draw a distinction between "soil cement" and "cement treated
soil." See Request at 3, n.2; Declaration of Dr. James K. Mitchell ("Mitchell Dec.") 1 12. However, to the ex-
tent such a distinction exists, the State has failed to raise a litigable contention relating to it. All that Dr. Mitchell
alleges is that if the mixture of soil and cement to be used by PFS "is not a true soil-cement, then the durability
of the cement-treated soil may be an issue, because the wet-dry, freeze-thaw exposure may be significant for this
site." Mitchell Dec. 112, emphasis added. Such a hypothetical, speculative concern does not give rise to a liti-
gable contention in a Commission proceeding. LBP-98-7, 47 NRC at 180.

14 In its April 26, 2001 Order, the Board requested that in their filings the parties discuss the impact, if any, of the
admission of any late-filed contention on the matters currently pending before the Board in connection with the
PFS dispositive motion on contention Utah L. The answer is that there should be no impact of Proposed Utah
QQ on the summary disposition of Utah L because the common issues between the two sets of contentions are
certain claims, not part of Utah L as admitted by the Board, that the State raised in its Utah L Summary Disposi-
tion Response an attempt to defeat summary disposition. These additional claims, which relate only to Basis 3
or Utah L and which are subject to a pending motion to strike by Applicant, should be excluded from Utah L as
improperly raised, and from Proposed Utah QQ because of untimeliness. The fact that Holtec's methodology
has not changed since 1997 is evidenced by Exhibit A, Attachment 3.
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2. Soil Cement

The State asserts that the proposed use of soil cement by the Applicant may not achieve

its intended purpose with respect to the seismic performance of the CTB and the storage casks

and their pads. Request at 11. In support of this assertion, the State provides a laundry list of

reasons why this may be so. These assertions fall into two categories, those that attack the prop-

erties of the soil cement (e.g., that it will not provide as much resistance against sliding as attrib-

uted in the seismic calculations), and those that suggest that, even if the soil cement has the

properties intended, the material will degrade over time, losing its beneficial effects.

The first category of challenges - that the soil cement will not have the properties in-

tended - asserts that there are not "sufficient evaluations, testing, calculations and design to

demonstrate that the cement-treated soil will perform its intended functions, both under seismic

loading and long-term operational conditions." Request at 6. This line of attack is speculative,

since it presumes that PFS will be unable to demonstrate that the soil cement to be used will meet

its required design function. In addition, as further discussed below, the State's challenge to the

use of soil cement is untimely, since the State has been on notice since at least December 1999 of

PFS's intention to use the material, and has also been aware since that time of the manner in

which the soil cement will be designed and applied.'5

The second category of challenges asserts that the soil cement will not behave as intended

due to environmental factors such as the effects of out-of-phase earthquake motions, the settling

of the CTB and the storage pads, the weight of equipment, weather (including freeze/thaw cycles

and wet/dry conditions), drying and curing, delamination or debonding along the soil cement lift

interfaces, chemical effects of salts and sulfates that may be present in the soil that is mixed with

the cement, and the long-term performance of the soil cement material. Request at 1 1-14. All of

these concerns, as more fully discussed below, are intrinsic to the use of soil cement, and as such

should have been raised a year and a half ago, when PFS first announced its plans to use soil ce-

15 See Exhibit A, item 15.
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ment at the site. In addition, a number of these postulated problems are mere speculation and as

such do not provide the basis for an admissible contention.

3. Soil Properties

The State asserts that there are a number of characteristics of the soils underlying the PFS

site that should have been taken into account in the design analyses, but were inadequately con-

sidered or ignored altogether. Request at 14-15. For example, the State claims that PFS has po-

tentially overestimated the sliding resistance provided by the clayey-silt and silty-clay soils un-

derlying the CTB and storage pads, because it has not considered the effects of: adhesion and

potential water content changes during cement-treated soil placement, and other long-term

moisture content changes; seismically generated pore pressures on the soil's shear strength dur-

ing earthquake loading; and partial mobilization of undrained shear strength free-field ground

motion. Id. Likewise, the State claims that PFS has not demonstrated that the applied design

shear strength value is representative of actual conditions. Id. As discussed below, these claims

are belated and speculative, and raise no issues that need to be considered.

III. LEGAL STANDARDS

A. STANDARDS FOR ADMISSION OF LATE-FILED CONTENTIONS

Pursuant to 10 C.F.R. § 2.714(b)(1), late-filed contentions are admissible only if a bal-

ancing of five factors listed in 10 C.F.R. § 2.714(a)(1) supports admission of the contention.

Those five factors are: (i) good cause, if any, for the failure to file on time, (ii) the availability of

other means to protect the petitioner's interest, (iii) the extent to which petitioner will assist in

the development of a sound record, (iv) the extent to which the petitioner's interest will be repre-

sented by other parties, and (v) the extent to which admitting the contention will broaden the is-

sues or delay the proceeding. 10 C.F.R. § 2.714(a)(1). Although the balancing test must take

into account all of the factors, there is no requirement that the same weight be given to each fac-

tor. Houston Lighting and Power Company (South Texas Project, Units I and 2), LBP-82-91, 16

NRC 1364, 1367 (1982), citing South Carolina Electric and Gas Company (Virgil C. Summer
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Nuclear Station, Unit 1), ALAB-642, 13 NRC 881, 895 (1981).

The Board has already ruled in this proceeding (when it dismissed Proposed Contention

Utah EE, in which the State sought belatedly to introduce some of the same issues raised in Pro-

posed Utah QQ) that, where a petitioner fails to show good cause for its untimely submission of

a contention, it must make a compelling showing on the other four criteria of 10 C.F.R. §

2.714(a). LBP-98-7, 47 NRC at 208. In the present case, the State fails to show good cause for

its extreme lateness and has not made a compelling showing on the other four factors. Therefore,

Proposed Utah QQ fails to satisfy the admissibility standards of 10 C.F.R. § 2.714(a)(1).

B. SUBSTANTIVE STANDARDS FOR ADMISSION OF CONTEN-
TIONS IN COMMISSION ADJUDICATORY PROCEEDING

In order to be admissible, a proposed contention raised by an intervenor in an NRC pro-

ceeding must include: a specific statement of the issue of law or fact to be raised or controverted;

a brief explanation of the bases of the contention; and sufficient information to show a genuine

dispute with the applicant on a material issue of law or fact. 10 C.F.R. § 2.714(b)(2); Georgia

Institute of Technology (Georgia Tech Research Reactor), CLI-95-12, 42 NRC 111, 117-18

(1995). Many of the issues raised by the State, even if they met the requirements for considera-

tion of late-filed contentions (which they do not), would not be admissible because they lack the

requisite specificity. In addition, some of the State's claims assume that the Applicant would not

comply with licensing commitments or Commission regulations, which this Board has already

indicated is not an acceptable basis for a contention. Private Fuel Storage, L.L.C. (Independent

Spent Fuel Storage Installation), LBP-00-35, 52 NRC 364 (2000), rev. denied, CLI-01-09

(2001). Likewise, the Commission has reiterated that "the NRC does not presume that a licensee

will violate regulations whenever the opportunity arises." Private Fuel Storage, L.L.C. (Inde-

pendent Spent Fuel Storage Installation), CLI-01-09, 2001 NRC LEXIS 41, at *5 (March 12,

2001) (citation omitted). For these reasons, Proposed Utah QQ also fails to satisfy the admissi-

bility standards.
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IV. APPLICATION OF LEGAL STANDARDS TO CLAIMS RAISED IN
UTAH QQ SHOWS THAT THE CONTENTION IS NOT ADMISSIBLE

In filing Proposed Utah QQ, the State belatedly tries to raise issues of which it was (or

should have been) aware long ago, and seeks to resurrect issues that the Board has already dis-

missed. The State should not be allowed to remedy its past failures to provide an admissible

contention by seizing upon PFS's amendments to its License Application. Despite trying to

couch its claims in terms of LA 22 changes, the allegations the State makes in Proposed Utah

QQ do not arise from, nor are they dependent upon, the amendment submitted by PFS. The State

has failed to satisfy the crucial good cause requirement for admissibility of belated, new conten-

tions, and has provided nothing relating to the other factors in 10 CFR § 2.714(a) that would

overcome its failure to satisfy the good cause requirement.

A. THE CLAIMS RAISED IN PROPOSED UTAH QQ ARE UNJUSTI-
FIABLY LATE

1. Design Calculations Incorporating New Ground Motions

a. General Methodological Concerns Applicable to the CTB,
Storage Casks, and Pads

The State attacks PFS's seismic design calculations for the CTB (Calc. G(B)-13, Rev. 4)

and the storage pads (Multi Cask Response at PFS ISFSIfrom 2000-yr Seismic Event, Rev. 2;

G(B)-04, Rev. 7) for oversimplifying or failing to take into account certain site features. Request

at 8-11. Each of these alleged oversimplifications or omissions has been part of the calculations

for over a year and a half, and the State's attempts to raise them now cannot be justified. 16

For example, the State argues that the assumption that the storage pads and the CTB mat

will remain rigid during an earthquake is erroneous. Request at 6-8. This assumption was part

16 In its "good cause" explanation of the failure to raise issues with regards to the design calculations, the State ac-
tually concedes that "[i]n its revised calculation, Holtec uses many of the same incorrect assumptions as it did in
its original analyses (e.g., assume the casks will slide in a controlled manner during an earthquake) as does Stone
& Webster in its dynamic analyses of the CTB and storage pads." Request at 16. The State's attempt at an ex-
planation for the failure to raise the issues earlier is that "the issues enumerated in Utah QQ relate to the increase
in design basis ground motion, Amendment 22 and related calculations." Id. at 17. However, as Exhibit A
clearly shows, that is not the case.
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of the calculation package submitted for the storage pads in July 1997,17 and for the CTB in

September 1999.18 The calculations treated the storage pads and the Canister Transfer Building

base mat as rigid bodies, both before and after soil cement became part of the design. Thus, this

assumption is independent of the revised design basis ground motion, and could have been chal-

lenged by the State one and a half to three years ago.

Similarly, the State alleges that the seismic calculations for the CTB and the storage

casks and pads are not conservative because they do not consider different patterns of seismic

waves (such as inclined waves), and are based on only a single time history. Request at 6-10.

However, the methodology of the calculations has remained the same with respect to the as-

sumed pattern of seismic waves and the use of a single time history since the calculations for the

stability of the storage pads and the CTB were submitted in 1997 and 1999 respectively.' 9 The

State likewise alleges deficiencies in the modeling of possible interactions between the pads and

the foundations, including failure to take into account possible out-of-phase motions of the

structures with respect to their foundations. Request at 9-10. This feature of the analyses, how-

ever, has been part of the seismic calculations since 1997.2

These criticisms are all directed at the methodologies used by PFS, and could have been

raised when the calculations were first provided to the State. The original calculations did not

include a consideration of the matters identified by the State (because they did not need to be

considered), nor were these matters included in the calculations submitted when soil cement was

17 Holtec Report Hl-2012640 submitted by letter from Parkyn to NRC, "Submittal of Calculation Package", dated
July 14, 1997. See Exhibit A, item 3.

1 SWEC Calculation No. 05996.02-G(B)-13, Rev. 1, "Stability Analyses of the Canister Transfer Building Sup-
ported on a Mat Foundation" submitted by letter from John Donnell to the U.S. NRC dated September 8, 1999.
See Exhibit A, item 7.

'9 LA 13, June 23, 2000; SAR Section 8.2.1.2, Rev. 13 (Holtec Report No. HI-992277, Multi-Cask Seismic Re-
sponse at the PFS ISFSI, From 2000-Year Seismic Event, Rev. 0, Aug. 20, 1999). See Exhibit A, items 4,5. The
calculations were submitted in two letters. Holtec Report No. H1-992277 was submitted in a letter to the NRC
from J. Donnell on August 27, 1999. The cask stability analysis calculation was submitted in a letter to the NRC
from J. Donnell on September 9, 1999.

20 See Exhibit A, item 6.
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added to the design of the storage pads. It was not until now, however, that the State chose to

submit a contention regarding the methodologies used in these seismic design calculations. The

State should not be permitted at this late date to raise issues of which it had notice for years.

b. Storage Cask and Pad Specific Concerns

In addition to concerns that are generally applicable to the methodology of the analyses

of both the CTB and the cask storage pads, the State raises claims that are specific to the meth-

odology used in the analyses of the storage casks and pads. Most of these were previously

raised, and rejected by the Board, in Proposed Contention EE; they are discussed in Section IV.B

below. One claim, however, is being raised for the first time in Proposed Utah QQ: the failure of

the Holtec calculation to take into account the natural frequency of the cask-pad-soil-cement

system. Request at 10. Again, this allegation does not arise from design changes made to ac-

commodate the revised seismic ground motions and is independent of those design changes, but

is instead an attack on a Holtec cask tipover calculation that the State has had since June, 2000.

That calculation's methodology has not changed in its treatment of the natural frequency of the

cask-pad-soil cement system. If the State disagreed with this assumption, the appropriate time to

raise a claim would have been when it first received the calculation.

c. CTB Specific Claim 22

Another claim in Proposed Utah QQ involves the alleged ineffectiveness of the CTB

shear key in preventing sliding.23 The shear key has have been part of the CTB design since

June 2000.24 Therefore, the adequacy of the CTB shear key should be rejected as untimely.

21 Id., item 14.

22 Most of the claims raised in Proposed Utah QQ against the design of the CTB raise the same issues as claims in-
volving the cask storage pads, and are dealt with in the discussion in subsection IV. L.a above.

23 Bartlett Dec. 122.

24 SAR Rev. 13, Sections 2.6.1.11.12 and 2.6.1.12.2; License Application Amendment No. 13, dated June 13,
2000; Calculation G(B)-4, Rev. 6, submitted June 19, 2000. See Exhibit A, item 25.
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2. Soil Cement Issues

The State seeks to raise in Proposed Utah QQ a number of issues relating to the use of

soil cement at PFS.25 The issues relating to soil cement should have been raised when the State

became aware of the use of soil cement as part of the PFS design on December 16, 1999.26

There can be no good cause for the State's delay in filing contentions focusing on the intrinsic

adequacy and durability of soil cement.

The State's raises the following issues regarding the use of soil cement:

1. The behavior of the soil cement under tensile and bending stresses and out-of-
phase motion (Request at 12);

2. The possibility and effect of cracks forming in soil cement due to settling of the
CTB or storage pads (Request at 9, 12);27

3. The propagation of cracks in the soil cement away from the CTB or pads as a re-
sult of differential settling (Request at 9, 10);

4. Delaminating or debonding along a soil cement lift interface (Request at 12-13);

5. Cracking or degrading of soil cement due to weight of equipment (Request at 13);

6. Long term degradation of the performance of the soil cement due to weather ef-
fects such as freeze/thaw cycles or wet/dry conditions (Request at 13-14); and

7. Cracking or degrading due to curing and drying (Request at 13).

Each of these issues could have been raised in response to the SAR Revisions (LA 8, 9

and 13) in which the use of soil cement was introduced.. For example, the State's claims re-

garding the long-term behavior of soil cement under the pads and the CTB are identical to those

25 The State does not claim, however, that the use of soil cement has given rise to new problems or issues. Rather,
the soil cement concerns raised in Proposed Utah QQ address the adequacy of the soil cement treatment to solve
existing design problems. In addition, the alleged soil cement problems raised by the State do not relate to the
new design ground motions, and would have existed whether or not the seismic ground motions were modified.
In fact, the alleged problems were raised by the State last January its opposition to summary disposition of Utah
L. See, e.g. Utah L Statement of Facts ¶¶47-51, 62-64.

26 PFS Letter, Parkyn to NRC, License Application Amendment No. 8, dated December 16, 1999, SAR, Rev. 8 at
2.6-84 to 2.6-91 (see Exhibit A, item 15). As the State's own witnesses admit, the use of soil cement around the
CTB invokes exactly the same concerns as the use of soil cement around the storage pads. See, eg, Bartlett
Dec.¶ 12; Mitchell Dec. ¶9.

27 Factors the State raises as possible causes of such cracking include delamination or debonding (Response at 12-
13), drying and curing (id. at 13), vehicle loads (id.), weather and other long-term wear (id. at 13-14), and soil
chemistry (id. at 14); Bartlett Dec. 1114-15, 18. As noted above, these issues were also raised in the State's op-
position to the dismissal of Utah L.
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raised in the State's opposition to the dismissal by summary disposition of Utah L, focusing on

mechanisms that could theoretically cause cracks in soil cement, such curing, shrinkage, mois-

ture, freeze/thaw and wet/dry cycles and the weight of the structures (i.e., the CTB and pads

themselves) or equipment (e.g., the canister transport vehicle and the casks).

The State's attacks on the use of soil cement around the CTB closely parallel the State's

contentions regarding the cask pads. For example, the State attacks Holtec's calculations for

casks and pads as well as the calculations for the CTB based on an alleged failure to accoijnt for

"tensile and bending stresses, and . . . cracked conditions, and separation of cement-treated soil"

from the pads or the CTB. Request at 9-11 (pads); id. at 8-9 (CTB); id. atl 1-14 (both). Thus,

the State raises no new issues regarding the behavior of soil cement in relation to the CTB. In-

stead, the State repeats the same claims it previously asserted in Utah EE with respect to the stor-

age pads. Therefore, since the State lacks good cause for failing to raise these issues with respect

to the storage pads when it was made aware of the use of soil cement in the storage pad designs,

it also lacks good cause for raising these issues now with respect to the CTB.28

3. Soil Properties

Proposed Utah QQ raises a number of issues relating to the properties of the underlying

soils at the PFS site as they relate to the assumptions in the seismic design calculations. The

State asserts that: (i) PFS may have overestimated the sliding resistance of the soil underlying the

CTB and the storage pads (Request at 14-15); (ii) PFS's seismic design calculations may be af-

fected by adhesion and water content in the underlying soil during the placement of soil cement

(id. at 15); (iii) the subsurface soils have not been properly characterized (id. at 14); and (iv) the

chemical properties of the soil may undermine the intended function of the soil cement (d.) The

soils under the PFS site have not changed since the PFS license application was filed in 1997,

28 The State's "good cause" argument for its belated raising of soil cement issues is that, previously, soil cement
was used as a construction cost-saving measure, whereas now it is a structural design element. Request at 16.
This is patently incorrect. Starting with License Amendment 9, soil cement has been credited in the sliding sta-
bility calculations as providing a factor of safety against sliding. See Exhibit A, item 1.
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and these issues could have been raised then or, to the extent they refer to interactions between

the site soils and the soil cement, when the latter was introduced into the design in 1999.29

Likewise, the calculations that the State criticizes for not taking into account these effects have

not changed in this regard since they were originally submitted. 30 Likewise, the chemical prop-

erties of the soil and their possible interaction with soil cement should have been raised when the

use of soil cement was proposed.

The State also questions the validity of PFS's assumptions regarding the sliding resis-

tance provided by the soil underlying the CTB and the storage pads. Request at 14-15. These

assumptions are contained in calculations that were made available to the State in December

1999.31 As such, these issues could have been raised eighteen months ago.

B. THE STATE IMPROPERLY SEEKS TO RAISE CONTENTIONS
THAT HAVE BEEN PREVIOUSLY REJECTED BY THE BOARD

As noted above, the claims that the State makes in Proposed Utah QQ could have been

raised many months - or years - ago. This, however, is only half the story. The State also raises

arguments that have already been rejected by the Board. The State's attacks on the seismic sta-

bility of the storage casks and the underlying pads were rejected by the Board more than three

years ago when first raised by the State; 32 the State's challenges to the seismic analyses of the

CTB are aimed at the same methodological aspects of the analyses as those rejected in relation to

the casks and pads.33

The State filed its EE Request") on December 23, 1997. Proposed Contention EE fo-

cused on the stability of the storage casks and the concrete pads underlying them. In it, the State

asserted that the "Holtec analysis is inadequate to support the safety of the Applicant's proposed

29 See Exhibit A, items 29-33. The State does not even attempt to make a "good cause" argument for its failure to
raise before now issues relating to the site soil properties.

30 See Exhibit A, items 32, 33.
3' SAR 2.5.2; Rev. 3; License Application Amendment No. 8. See Exhibit A, item 29.
32 LBP-98-7, 47 NRC at 207-09.
33 The State's own witnesses admit this. See Bartlett ¶12; Mitchell ¶9.
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design during a seismic event at the PFS facility."3 4 The State went on to allege a series of defi-

ciencies in Holtec's seismic analysis of the casks and pads, including among others the follow-

ing: (i) the assumption that the pad will remain rigid in an earthquake (item 3d); (ii) the use of

one, rather than three time histories in the analysis (item 2); (iii) the failure to consider the po-

tential interaction between adjacent pads (item 3b); (iv) the failure to consider the effects of the

pads' embedment in the soil (item 3e); and (v) the failure to consider the impact of dynamic

seismic loads on the structural integrity of the pads (item 5).35 The Board rejected as untimely

the State's request to introduce proposed Contention EE.36 The State now tries to re-raise these

very same issues as part of its proposed "new" contention.3 7  Thus, Proposed Utah QQ alleges a

variety of concerns regarding Holtec Report No. HI-20 12640, Multi Cask Response at the PFS

ISFSIfrom 2000-yr Seismic Event, Rev. 2,38 that parallel those raised and rejected by the Board

with respect to Utah EE.39 Indeed, they are the same concerns raised in proposed Utah Conten-

tion EE, and are even worded in much the same manner.4 0 The State does not provide any justifi-

cation for its attempt to reintroduce these dismissed contentions.

34 LBP 98-7, 47 NRC at 206.

35 Id. at 206-07.

36 Id. at 207-09. While not needing to rule on the merits of Contention EE because of its untimeliness, the Board
noted that at least some of the issues raised in Contention EE (which are essentially the same as those raised in
the Response with respect to the Holtec analysis) would have been inadmissible on the merits, had they been
timely raised. Id. at 209, n. 25.

37 Compare, eg., LBP-98-7, 47 NRC at 206-07 with Request at 11 -12. Likewise, large sections of the declarations
of State witnesses in support of Proposed Utah QQ merely repeat their declarations in support of the State's op-
position to summary dismissal of Utah L, especially in relation to cask and pad interaction and concerns over
cask tipover analysis.

38 This calculation contained the same exact methodology as Holtec Report No. HI-992277, Multi-Cask Seismic
Research at the PFS ISFSI, From 2000 Year Seismic Event, Rev. 0, dated August 20, 1999.

39 Proposed Utah QQ attacks this calculation's methodology for: (i) not adequately addressing the natural frequency
of the cask-pad-soil-cement mass, (ii) assuming the storage pad to be rigid, (iii) not modeling the effects of in-
clined waves, (iv) using only one time history, (v) assuming that the casks will slide in a controlled manner (i.e.,
no cold bonding, pad deformation, etc.), (vi) not taking into account actual load paths (i.e., possible pad-to-pad
interaction); and (vii) not modeling differences between the static and dynamic modulus of the soil cement under
the pad. Request at 9-11.

40 For example, in Proposed Contention EE the State asserted that "[alnother unreasonable and oversimplified as-
sumption by Holtec is that .. . [the] concrete pad will remain rigid" (EE Request at 8). This argument is raised
in Proposed Utah QQ where Dr. Ostadan asserts as a problem with the calculation that "Holtec has assumed the
pads to be rigid." Ostadan Dec. ¶116.) Similarly, the State attacks Holtec's non-linear analysis, which "is sensi-

Footnote continued on next page
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The State also seeks to raise with respect to the CTB some of the same arguments that

were rejected in 1997 when raised in Proposed Contention EE. For example, the State claims

that cracking and separation may occur around the foundations of the CTB due to seismic mo-

tions, which is the same argument raised in proposed Contention EE with respect to pad struc-

tural integrity. 41 Likewise, Proposed Utah QQ challenges the assumption that the CTB mat is

rigid, which is the same claim raised against the storage cask pads.42 More generally, the State

contends that the calculations for the CTB contain "potentially unconservative assumptions" that

create "unacceptable uncertainty in the estimation of the seismic loadings and their potential im-

pacts to the foundations." 43 This is the same argument that was previously raised in Proposed

Contention EE with regard to the storage casks and pads.44

Thus, the State is clearly trying to raise issues that have already been rejected, without

any justification for doing so. For that reason, Proposed Utah QQ should not be admitted.

C. THE STATE HAS MADE NO COMPELLING SHOWING ON THE
OTHER LATE FILING FACTORS

"Lacking good cause for the one-month delay in filing [a late-filed contention], the State

must make a compelling showing on the other four factors" in 10 C.F.R. § 2.714(a)(1). LBP-98-

7, 47 NRC at 208 (emphasis added). The four remaining factors are: (ii) the availability of other

means to protect the petitioner's interest, (iii) the extent to which petitioner will assist in the de-

velopment of a sound record, (iv) the extent to which the petitioner's interest will be represented

by other parties, and (v) the extent to which admitting the contention will broaden the issues or

tive to phasing of the input motion and thus multiple time histories should be used." (Id. 11 Id.) This is a con-
densed version of Contention EE's basis that "one cannot tell from the Holtec Seismic Report whether the inter-
action of the three independent components of the seismic time histories has been properly and conservatively
evaluated" (EE Request at 7). Again, a number of the bases asserted in Proposed Utah QQ are also State's iden-
tical to those that the State raised in its opposition to the dismissal of Contention Utah L.

4' EE Request at 10-I 1.
42 Compare, eg, proposed Contention EE item 3.d with Proposed Utah QQ at 10.
43 Request at 8, 9.
44 See LBP-98-7, 47 NRC at 206, item 3.
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delay the proceeding. Of those factors, the third and fifth are to be accorded more weight than

the second and fourth. Id.

Factor five weighs against admitting the new contention, whose introduction would

clearly broaden and delay the proceeding. Proposed Utah QQ encompasses a broad range of is-

sues relating to soil cement and other seismic design issues that are not currently being litigated

in this proceeding. Thus, Proposed Utah QQ would undeniably broaden the issues and cause

delays. Of particular concern, in terms of potential delays, is the State's assertion that the actual

soil cement must be demonstrated and tested before a design basis can be adequately estab-

lished,4 5 as it is not only an incorrect statement of applicable licensing requirements, see, eg,

Private Fuel Storage, L.L.C. (Independent Fuel Storage Installation), CLI-00-13, 52 NRC 23, 33-

34 (2000), but a proposition which, should it prevail, would dramatically delay this proceeding.

With respect to the third factor in 10 C.F.R. § 2.714(a)(1), the admission of the conten-

tion would do little to develop a sound record at this time, because the import of many of the is-

sues raised in Proposed Utah QQ is an attack on commitments made by PFS to take certain ac-

tions (particularly with respect to the use of soil cement) which are to be taken after licensing is

completed. Thus, admission and litigation of Proposed Utah QQ would not develop a sound rec-

ord on which a licensing decision can be made at this time.

With respect to factor two, a number of concerns raised by the State relate to potential is-

sues that may (or may not) become problems after the licensing of PFS.4 6 For such issues, there

is an adequate means of protecting the state's interest via a 10 CFR §2.206 petition for Staff ac-

tion against PFS. And, even if there are not other means to protect the State's interest on this is-

sue, and even if the State's position is not represented by another party (factor four), these factors

carry less weight than the others. Thus, a balancing of the four remaining factors also militates

45 Request at 6-7, 9, 11-12.

46 For example, the State raises the possibility that "[i]f care is not taken during construction, the use of heavy
equipment could cause significant remolding of the subbase soils, and such remolding could markedly affect the
shear strength of the subbase at the interface with the cement treated soil." Mitchell Dec. at ¶14.
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against admission of Proposed Utah QQ. The State has clearly failed to make the compelling

showing required to overcome its lack of good cause.

D. PORTIONS OF PROPOSED UTAH QQ FAIL TO MEET THE RE-
QUIREMENTS OF AN ADMISSIBLE CONTENTION

Portions of Proposed Utah QQ fail to meet the requirements for an admissible contention.

NRC regulations require, inter alia, sufficient information to show that a genuine dispute exists

on a material issue of law or fact. See 10 C.F.R. § 2.714(b)(2). The State's proffered bases for a

number of claims raised in Proposed Utah QQ do not meet the Commission's requirements for

specificity and materiality. Failure to comply with the requirements of 10 C.F.R. § 2.714 is

grounds for dismissing those portions of Proposed Utah QQ. Private Fuel Storage. L.L.C. (Inde-

pendent Spent Fuel Storage Installation), LBP-98-13, 47 N.R.C. 360, 365 (1998).

1. The State's Concerns Over Soil Cement Are Not Specific and
Violate the Commission's Basic Licensing Principles

As discussed above, many of the concerns raised by the State in Proposed Utah QQ al-

lege in various ways that the soil cement will not have the properties attributed to it in the seis-

mic calculations. This allegation is insufficient to form the basis of a contention for two reasons:

first, it is not definite enough to give rise to a material dispute of fact; and second, it seeks to

controvert commitments made by PFS in its design calculations and the SAR with respect to the

properties of the soil cement, without alleging that such commitments are unachievable.

It is well established that a contention is inadmissible if it fails to contain sufficient in-

formation to show that a genuine dispute exists with the Applicant on a material issue of law or

fact. See 10 C.F.R. §2.714(b)(2)(iii); Texas Electric Utilities Co. (Comanche Peak Steam Elec-

tric Station, Unit 2), LBP-92-37, 36 NRC 370, 384 (1992). The State fails to meet this require-

ment in its proffered bases relating to the performance and properties of soil cement. The State

merely asserts that the soil cement may be subject to a variety of factors that could cause it to not

have the properties the design basis provides. For example, the State suggests that cracking in

the soil cement, caused by any number of postulated conditions, might result in the soil cement
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no longer behaving as a single unit in the seismic calculations, (see Request at 11-14), but the

State fails to assert that such postulated conditions will occur. On the other hand, the State does

not challenge the proposition that the soil cement, if placed in accordance with the design speci-

fications, will have the properties set forth in the seismic calculations. The State merely offers

theoretical mechanisms by which the soil cement could, over time, fail to meet the design re-

quirements. Such hypothetical allegations do not constitute a defined disagreement with PFS

that would give rise to a litigable issue of fact. See, e g, Vermont Yankee Nuclear Power Corp.

(Vermont Yankee Nuclear Power Station), ALAB-919, 30 NRC 29 (1989).

The State contends that PFS has not shown "the strength, survivability and durability

properties of the cement treated soil." (Request at 13-14.) PFS has specified the properties that

the soil cement will have in order to assure that the facility meets NRC specifications. The State

asserts that PFS will not meet those specifications, even though they are licensing commitments

set forth in the SAR.47 In order to operate, PFS will have to meet all the commitments set forth

in the SAR. To assert that PFS will not abide by these commitments is not an admissible con-

tention. "In the absence of evidence to the contrary, [the Board] will not presume that an appli-

cant or licensee, and those who work for them, will not adhere to applicable regulations or stan-

dards." Private Fuel Storage, L.L.C. (Independent Spent Fuel Storage Facility), LBP-00-35, 52

NRC 364, 405 (2000); Private Fuel Storage, L.L.C. (Independent Spent Fuel Storage Facility),

CLI-01-09, 53 NRC (2001).

2. The State's Issues Regarding Soil Properties Are Speculative
and Do Not Satisfy the Commission's Specificity Requirements

In order to be admissible, a contention must include a reasonably specific articulation of

its rationale. See Carolina Power & Light Co. and North Carolina Eastern Municipal Power

47 To the extent that the State and its witnesses are implying that the design developed by PFS for its soil cement
cannot achieve the strengths cited in the calculations and the SAR, that assertion is contrary to well-established
industry practice. See Exhibit B, which is an excerpt from ACI Report ACI-230. I R-90 (1997), which shows in
Fig. 4.2 that strengths of 500 pounds per square inch - well in excess of those required by the PFS design - can
be readily achieved, at low cement concentrations, for all types of soils.
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Agency (Shearon Harris Nuclear Power Plant, Units 1 and 2), LBP-82-119A, 16 NRC 2069,

2070-71 (1982). The State's allegations as to soil properties fail to meet the specificity test. The

State raises issues, for example, as to the potential adhesion between the soil cement and the un-

derlying soils, and asserts that there may be changes in the water content of the soil. Request at

14-15. Yet, the State does not allege that these effects will occur, or provide a basis for expect-

ing that they will. Instead, the State demands that PFS explain what steps will be taken in con-

struction to avoid such changes, without even describing the mechanisms through which the

changes may occur. See Bartlett Dec. 122.

Likewise, the State's assertion that the soil chemistry will undermine the properties of the

soil cement should be rejected as inadmissible for the same reasons. The soil chemistry argu-

ment posits that "[s] alts and sulfates, if present [in the soil], could interfere with the cement hy-

dration, and thus affect the strength and durability of the cement-treated soils." Request at 14,

emphasis added. Thus, the State is claiming that because of the (hypothetical) existence of con-

taminants in the soil at the site with certain salts, the soil cement could be unable to exhibit the

properties committed to in the SAR. For the reasons discussed above, this is an improper basis

for a contention. See LBP-00-35, 364, supra.

V. CONCLUSIONS

For the foregoing reasons, PFS submits that Proposed Contention Utah QQ fails to raise a

litigable contention and its admission should be denied.

Respectfully submitted,

Jay E. Silberg
Ernest L. Blake, Jr.
Paul A. Gaukler
Matias F. Travieso-Diaz
SHAW PITTMAN
2300 N Street, N.W.
Washington, DC 20037

Dated: May 30, 2001 Counsel for Private Fuel Storage L.L.C.
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EXHIBIT A
Summary of Claims Raised in Proposed Contention Utah QQ

And Dates in Which Information Relating to Each Claim Was Submitted to NRC

Item Claim Claim PFS Licensing Document Document Issue
Sponsor Date

SEISMIC CALCULATIONS
1 Bartlett PFS's calculation methodology (Calculation PFS Letter, Parkyn to NRC, License Application Amendment No. 9, dated

q112, Nos. 05996.02-G(B)-13, Rev. 4,1 and February 2, 2000. In SAR Rev. 9, submitted in LA Amendment No. 9, a
Ostadan 05996.02-G(B)-04, Rev. 72) oversimplifies subsection was added to SAR Section 2.6.1.12.1 entitled "Sliding Stability
q13 model for the stability analyses of the CTB of the Cask Storage Pads Founded on and Within Soil Cement". This

and the storage pads section takes credit for the beneficial effects of soil cement beneath and
around the cask storage pads. The soil cement provides increased
resistance to sliding and overturning of the pads due to the design basis 2/2/00
ground motion. SAR page 2.6-60 (Rev. 9) stated: "The analysis of sliding
stability of the cask storage pads embedded in soil cement is included in
Calculation 05996.02-G(B)-04 (SWEC, 2000b [This is Calculation Rev. 5,
dated January 26, 2000]) ... This analysis demonstrates that the soil
cement can be designed to provide sufficient resistance, considering only
the passive resistance of the soil cement, to provide a factor of safety
against sliding that exceeds the minimum required value of 1.1 for the
maximum loadings due to the PSHA 2,000-yr return period earthquake.
Based on these conservative assumptions, the soil cement would need to
have an unconfined compressive strength, fc, of -250 psi to provide
sufficient thrust from passive resistance alone to obtain a factor of safety
against sliding that is greater than the minimum required value of 1.1.'

2 Ostadan Holtec pad and cask stability calculations fail Holtec's updated cask stability analysis was filed with LA Amendment 13, in LA Amendment
11 .a to take into account frequency dependency of June 2000. SAR Section 8.2.1.2 referenced Holtec Report No. HI-992277,3  13 submitted

soil spring and damping Multi-Cask Response at the PFS ISFSI, From 2000 Year Seismic Event, 6/23/00; Calc
Revision 0, dated August 20, 1999, this report had been submitted to the SC4, Rev 1,
NRC by PFS letter, Donnell to NRC, PFSF Site Specific Cask Stability submitted 9/9/99
Analysis, dated August 27, 1999. Calculation No. 05996.02-SC-4, Rev. 1,
was submitted to the NRC by PFS letter from J. Donnell, dated September
9, 1999.

3 Ostadan Holtec's cask stability calculation incorrectly Holtec's cask stability analysis, including the assumption of rigid pads, was
111.b assumes that storage pads are rigid. included in original PFSF License Application submittal in June 1997. SAR

'Calculation No. 05996.02-G(B)-13, Rev. 3, filed in June 2000, is included as Attachment 2 to Exhibit A. The June 2000 revision is included to show that all
methodological assumptions the State challenges, as referenced throughout Exhibit A, were in place by June 2000 or earlier as noted in the above table.
2Calculation No. 05996.02-G(B)-04, Rev. 6, filed in June 2000, is included as Attachment 1 to Exhibit A. The June 2000 revision is included to show that all
methodological assumptions the State challenges, as referenced throughout Exhibit A, were in place by June 2000 or earlier as noted in the above table.
3A redacted excerpt of Holtec Report HI-2012640, Multi-Cask Seismic Response at the PSF ISFSI, From 2000 Year Seismic Event, is included as Attachment 3 to
Exhibit A. The portion of Report HI-2012640 clarifies that the methodological assumptions of Holtec's cask stability analyses have remain unchanged since the
initial Holtec Report HI-971631, Rev. 0, dated May 19, 1997, including in Report HI-992277.



Section 8.2.1.2, Rev. 0, referred to Holtec Report No. HI-971631, Multi-
Cask Seismic Response at the PSF ISFSI, Rev. 0, dated May 19, 1997.
This report made the assumption that the storage pads were rigid, as did all
following Holtec cask seismic stability analyses (Attachment 3). Holtec
report HI-971631 was submitted in PFS letter, Parkyn to the NRC,
Submittal of Calculation Package, dated July 14, 1997.

7/14/97

4 Ostadan Holtec's cask stability calculations do not Holtec's modeling of seismic waves arriving at the pad foundations was LA Amendment
¶11.c model the effects of non-vertically propagating specifically set forth in the SAR LA Amendment 13, June 2000. SAR 13 submitted

seismic waves. Section 2, Rev. 13, referenced Geomatrix Consultants, Inc., 1999b, 6/23/00
Development of design ground motions for the Private Fuel Storage
Facility. This report also assessed the impact of the PFSF being "close to
major faults". SAR Section 8.2.1.2, Rev 13, referenced Holtec Report No.
HI-992277, Multi-Cask Response at the PFS ISFSI, From 2000 Year
Seismic Event, Rev. 0, dated August 20, 1999. This report had been
submitted to the NRC by PFS letter, Donnell to NRC, PFSF Site Specific
Cask Stability Analysis, dated August 27, 1999.

5 Ostadan Holtec's cask stability calculation fails to use Holtec's cask stability analysis and the modeling of seismic time history LA Amendment
¶111.d multiple time histories. contained in LA Amendment 13, in June 2000 (or earlier). SAR Section 13 submitted

8.2.1.2, Rev. 13, referenced Holtec Report No. HI-992277, Multi-Cask 6/23/00
Response at the PFS ISFSI, From 2000 Year Seismic Event, Rev. 0, dated
August 20, 1999. This report had been submitted to the NRC by PFS letter,
Donnell to NRC, PFSF Site Specific Cask Stability Analysis, dated August
27, 1999. This cask stability analysis referenced Geomatrix Calculation
05996.02-(PO18)-3, Rev. 0, Development of Time Histories for 2,000-Year
Return Period Design, dated August 24, 1999. This calculation had been
submitted to the NRC by PFS letter from J. Donnell, dated September 9,
1999.

62 Ostadan Holtec's cask stability calculation assumes Holtec's cask stability analysis and its assumptions regarding the
11 i.e that casks will slide on the pad in a controlled movement of casks on the storage pad have been consistent since the

manner, ignoring the potential for cold original PFSF License Application submittal in June 1997. SAR Section
bonding of cask to pad, which would prevent 8.2.1.2, Rev. 0, referred to Holtec Report No. HI-971631, Multi-Cask
the cask from sliding on the pad or moving Seismic Response at the PSF ISFSI, Revision 0, dated May 19, 1997. This
smoothly in an earthquake report made the same assumptions regarding movement of the casks on a

pad during a seismic event as the Holtec report currently referenced by 7/14/97
SAR Section 8.2.1.2 (Holtec Report HI-2012640) as did all Holtec cask
seismic stability analyses. Holtec report HI-971631 was submitted in PFS
letter, Parkyn to the NRC, Submittal of Calculation Package, dated July 14,
1997.

7 Ostadan SWEC Calculation No. 05996.02-SC-5, Rev. LA Amendment 6 incorporated the assumption that the CTB mat would be LA Amendment
1112.a 2, seismic Analysis of Canister Transfer rigid. This LA Amendment was submitted in PFS letter, Parkyn to the NRC, 6 submitted

Building, erroneously assumes that the mat of License Application Amendment No. 6, dated September 8, 1999. SAR 9/8/99; Calcs.
the CTB is rigid. page 4.7-8c (Rev 6) stated the following "The impedance functions were SC-4, Rev 1,

developed, using the Stone & Webster computer program REFUND and SC-5, Rev
(Reference 41), by considering the foundation mat as a rigid structure 1, submitted



located at the surface of the soil profile. These assumptions are 9/9/99
appropriate since the building foundation is a five-foot thick concrete mat
located at grade. Development of the impedance functions is documented
in calculation SC-4 (Reference 42). . . . The zero period accelerations
(ZPA) at each point of the lumped mass model and response spectra at El.
170'-0", which is the bridge crane support location are presented in the
dynamic analysis described in calculation SC-5 (Reference 44)."
References 42 and 44 of SAR Rev. 6 were Calculations SC-4, Rev. 1, and
SC-5, Rev. 1, respectively. These calculations were both submitted by PFS
letter from J. Donnell to the NRC, dated September 9, 1999. Treatment of
the foundation mat as a rigid structure for seismic analysis purposes is in
accordance with Section 3.3.1.6 of ASCE-4 1998.

8 Ostadan Calculation No. 05996.02-SC-5, Rev. 2, and Soil cement was first introduced around the Canister Transfer Building base LA Amendment
112.b the supporting calculation (Calculation No. mat in LA Amendment 22, dated March 30, 2001. Soil cement was 22, dated

05996.02-SC-4, Rev. 2, Development of Soil introduced into the design of the storage pads in LA Amendment 8 in a 3/30/01; LA
Impedance Functions for Canister Transfer letter dated December 16, 1999. Amendment 8,
Building, fail to consider the effect of soil dated 12/16/99.
cement around CTB on impedance functions,
and the kinematic motion of the foundation.

9 Ostadan Calculation Nos. 05996.02-SC-4 and LA Amendment 6 referenced Calculation Nos. 05996.02-SC-4, Rev. 1, and LA Amendment
¶12.c 05996.02-SC-5 fail to model the effect of 05996.02-SC-5, Rev. 1. The seismic analysis of the CTB did not consider 6 submitted

inclined seismic waves on CTB design the effect of inclined seismic waves. LA Amendment 6 was submitted in 9/8/99; Calcs.
PFS letter, Parkyn to the NRC, LA Amendment 6, dated September 8, SC-4, Rev 1,
1999. Calculation Nos. SC-4, Rev. 1, and SC-5, Rev. 1, were both and SC-5, Rev
submitted by PFS letter from J. Donnell to the NRC, dated September 9, 1, submitted
1999. 9/9/99

10 Ostadan Calculation No. 05996.02- G(B)-04, Rev. 7 on The storage pad stability analysis was specifically referenced in LA LA Amendment
¶14 the stability analysis of the pads fails to Amendment 13, in June 2000. SAR Section 2.6.1.12.1, Rev. 13, references 13 submitted

consider the natural frequency of the cask- Calculation No. 05996.02- G(B)-04, Rev. 6, in discussions of storage pad 6/23/00; Calc
pad-soil cement system, thus underestimating stability analyses. This calculation was submitted to the NRC by PFS letter G(B)-04, Rev. 6
the seismic loads. from J. Donnell dated June 19, 2000, "Submittal of Commitment Resolution submitted

Letter #34 Information". 6/19/00
11 Ostadan Calculation No. 05996.02- G(B)-04, Rev. 7 fails Same as above. LA Amendment

¶14 to consider actual load path on pads from 13 submitted
seismic loading and potential effect of pad-to- 6/23/00; Calc
pad interaction. G(B)-04, Rev. 6

submitted
6/19/00

12 Mitchell 19 Calculation No. 05996.02- G(B)-04, Rev. 7 This contention focuses on the behavior of the CTB and pad foundations LA Amendment
treats CTB and the soil-cement as a rigid and surrounding soil cement. Stone & Webster Calculation No. 05996.02- 13 submitted
block, whereas there are expected to be G(B)-04, Rev. 6, Stability Analyses of Storage Pad, was referenced in SAR 6/23/00; Calc
differences in inertial loadings from one part of Revision 13 (Submitted to the NRC by PFS Letter, Parkyn to NRC, License G(B)-04, Rev. 6
the building to another. Application Amendment No. 13, dated June 23, 2000). The assumptions submitted



for sliding of a rigid foundation within the cement-treated soil made in 6/19/00
Calculation 05996.02-G(B)-04 have not changed between Rev. 6 and Rev.
7 of this calculation.

13 Mitchell Calculation No. 05996.02-G(B)-13, Revision 4 SAR Section 2.6.1.12.2, "Stability and Settlement Analyses-Canister LA Amendment
110 on stability analysis of the CTB incorrectly Transfer Building", Rev. 13 (page 2.6-76), referenced Calculation 05996.02- 13 submitted

treats the building as rigid body in overturning G(B)-1 3, Rev. 3, Stability Analyses of the Canister Transfer Building 6/23/00; Calc
analyses. Supported on a Mat Foundation, in regards to overturning stability of the G(B)-13, Rev. 3

CTB. This calculation was submitted to the NRC by PFS letter from J. submitted
Donnell dated June 19, 2000, "Submittal of Commitment Resolution Letter 6/19/00
#34 Information". Calculation No. 059996.02-G(B)-13, Rev. 3 also
assumed that the foundation mat of the CTB was rigid.

14 Ostadan Holtec's drop/tipover analysis of the casks SAR Section 8.2.6.2, Rev. 21, references Holtec Report HI-2012653, which LA Amendment
111.f models only the static modulus of the soil analyzes storage cask tipover and drop events onto a storage pad taking 22, dated

cement, not the dynamic modulus, failing to into account the soil cement beneath the pad. Soil cement was introduced 3/30/01; LA
take into account possible changes in bearing into the design of the storage pads in LA Amendment 8 in a letter dated Amendment 8,
pressure acting on the soil/cement. December 16, 1999. dated December

16, 1999.

SOIL CEMENT
15 Bartlett Failure to conduct site specific soil cement PFS Letter, Parkyn to NRC, LA Amendment 8, dated December 16, 1999,

¶9, tests to determine its properties, reaction with introduced the use of soil cement in the storage pad emplacement area to
Mitchell native soils, constructability, and long term enhance pad stability under seismic conditions. SAR page 2.6-84 (Rev. 8)
¶13 performance. stated: "The required engineering characteristics of the soil cement can be

easily engineered during detailed design to meet the necessary strength LA Amendment
requirements." See also SAR page 2.6-26 (Rev. 8). SAR page 2.6-91 8, dated
(Rev. 8) stated: 'Procedures required for placement and treatment of the 12/16/99.
soil cement, lift surfaces, and foundation contact will be established in
accordance with the recommendations of ACI (1998) during the mix design
and testing process. Specific construction techniques and field quality
control requirements will be identified in the construction specifications
developed by PFS during this detailed design phase of the project."

16 Bartlett No precedent has been demonstrated for the PFS Letter, Parkyn to NRC, LA Amendment 8, dated December 16, 1999.
¶10 use of soil cement to resist sliding in nuclear SAR pages 2.6-85 and 86 (Rev. 8) stated: "Soil cement has been used

facilities. extensively in the United States and around the world since the 1940's. It
was first used in the United States in 1915 for constructing roads. It also
has been used at nuclear power plants in the United States and in South LA Amendment
Africa. The largest soil-cement project worldwide involved construction of 8, dated
soil-cement slope protection for a 7,000-acre cooling-water reservoir at the 12/16/99.
South Texas Nuclear Power Plant near Houston, TX. Soil cement also was
used to replace an -18-ft thick layer of potentially liquefiable sandy soils
under the foundations of two 900-MW nuclear power plants in Koeberg,
South Africa (Dupas and Pecker, 1979)."

17 Bartlett There has been a failure to demonstrate Soil cement was introduced in Revision 8 of the SAR (PFS Letter, Parkyn to
-l ¶11 "proof of concept," for soil cement and to NRC, LA Amendment 8, dated December 16, 1999). SAR page 2.6-26d



perform preliminary designs capable of (Rev. 8) stated: "The engineering characteristics of the soil-cement can be
independent review, verification and checking. easily engineered during detailed design to meet the necessary strength

requirements." SAR page 2.6-84 (Rev. 8) stated: "The required LA Amendment
engineering characteristics of the soil cement can be easily engineered 8, dated
during detailed design to meet the necessary strength requirements." 12/16/99.

18 Bartlett Calculations No. 05996.02-G(B)-13, Rev. 4 This contention focuses on the behavior of the soil cement, which LA Amendment
¶13 and No. 05996.02-G(B)-04, Rev. 7 on the buttresses the pads and CTB, increasing their sliding stability under seismic 13 submitted

dynamic stability of the CTB improperly model conditions. Stone & Webster Calculation No. 05996.02- G(B)-04, Rev. 6, 6/23/00; Calc
the building's concrete foundation and the soil Stability Analyses of Storage Pad, was referenced in SAR Section 2.6.1.12.1, G(B)-04, Rev. 6
cement as rigid bodies, failing to take into Stability and Settlement Analyses-Cask Storage Pads, Revision 13 submitted
account that earthquake stresses may crack (Submitted to the NRC by PFS Letter, Parkyn to NRC, LA Amendment 13, 6/19/00
the soil cement buttress and give rise to dated June 23, 2000). This calculation was submitted to the NRC by PFS
preferential slip planes for passive failure letter from J. Donnell dated June 19, 2000, "Submittal of Commitment
wedges. Resolution Letter #34 Information".

19 Bartlett Soil cement may crack through a number of At least by LA Amendment 13, soil cement was incorporated into the design LA Amendment
¶14 mechanisms. of the facility and included in Calculation No. 05996.02 G(B)-04 for storage 13 submitted

pad stability. 6/23/00; Calc
G(B)-04, Rev. 6
submitted
6/19/00

20 Bartlett PFS has failed to consider the bending, The assumptions regarding the seismic event have remained unchanged LA Amendment
¶15 torsional and beam-shear and compressional since at least License Amendment 13 and revision 6 of Calculation No. 13 submitted.

stresses on soil cement due to the variety of 05996.02-G(B)-04, which addressed storage pad stability. Calculation No. 6/23/00; Calc
complex waveforms associated with a seismic 05996.02-G(B)-13 employs the same methodology for modeling seismic G(B)-04, Rev. 6
event will have on the CTB and pad events. submitted
foundations and underlying soil. 6/19/00

21 Bartlett PFS has failed to consider the high stress and Calculation Nos. 05996.02-G(B)-04 and 05996.02-G(B)-13 have always LA Amendment
¶16 strain concentrations at the soil cement/CTB treated the surface areas underlying the storage pads and the CTB as 13 submitted

foundation interface during seismic events. single units. This treatment remained unchanged with the incorporation of 6/23/00; Calc
soil cement as part of License Amendment 13 and Calculation No. G(B)-04, Rev. 6
05996.02-G(B)-04, Rev. 6 for storage pad stability. submitted

._ 6/19/00
22 Bartlett PFS has failed to consider the potential Same as above. In addition, SAR Section 2.6.4.11, submitted as part of LA LA Amendment

¶17 debonding of soil cement along lift Amendment 13, discussed techniques to improve bonding between lifts. 13 submitted
boundaries. 6/23/00; Calc

G(B)-04, Rev. 6
submitted
6/19/00

23 Bartlett PFS has failed to take into account the Calculation Nos. 05996.02-G(B)-04 and 05996.02-G(B)-13 have always LA Amendment
¶118-20 potential cracking of the soil cement due to: treated the entire surface area underlying the storage pads and the CTB as 13 submitted

drying and curing; frost penetration and a single unit. This included the incorporation of soil cement as part of LA 6/23/00; Calc
expansion cracking and vehicle loading Amendment 13 and revision 6 of Calculation No. 05996.02-G(B)-04 for G(B)-04, Rev. 6
cracking. storage pad stability. submitted

1 _6/19/00



24 Bartlett PFS has failed to study the long term LA Amendment 13 incorporated the use of soil cement into the seismic LA Amendment
121 performance of soil cement and its ability to calculations. 13 submitted

resist earthquake forces for a 40-year service 6123/00; Calc
period. G(B)-04, Rev. 6

submitted
6/19/00

25 Bartlett The proposed use of a CTB shear key to The shear key around the perimeter of the CTB foundation mat was first LA Amendment
%22 resist sliding of the building will not be incorporated into the CTB design and discussed in SAR Sections 2.6.1.11,2 13 submitted

effective. and 2.6.1.12.2, Rev. 13, (Submitted to the NRC by PFS Letter, Parkyn to 6/23/00; Calc
NRC, License Application Amendment No. 13, dated June 23, 2000). SAR G(B)-04, Rev. 6
Section 2.6.1.12.2 (page 2.6-78, Rev. 13) stated "A 1-ft deep key will be submitted
constructed around the perimeter of the mat to ensure that the full shear 6/19/00
strength of the clayey soils is engaged to resist sliding of the structure due
to loads from the design basis ground motion." Calculation No. 05996.02-
G(B)-1 3, Rev. 3, incorporated the effects of this shear key. Revision 3 of
Calculation No. 05996.02-G(B)-13 was submitted by PFS letter, J. Donnell
to the NRC, dated June 19, 2000, "Submittal of Commitment Resolution
Letter #34 Information". Page 4 of this Calculation, Rev. 3, stated: "Added
a 1 -ft deep key around the perimeter of the Canister Transfer Building mat
to permit use of the cohesive strength of the in situ silty clay/clayey silt in
resisting sliding due to loads from the design basis ground motion."

26 Ostadan Reliance on passive pressure from soil Argument attacks methodology established for use with storage pad and soil LA Amendment
¶13 cement to resist seismic loads in Calculation cement in LAAmendment 13. SAR Section 2.6.1.12.1, Rev. 13, "Stability and 13 submitted

No. 05996.02-G(B)-13, Rev. 4 is potentially Settlement Analyses - Cask Storage Pads", stated "the actual bearing 6/23/00; Calc
wrong due to possible settlement and pressire for this case was about 1.9 ksf, and the estimated total settlement of G(B)-04, Rev. 6
cracking. the pad was determined to be about 3.3 inches." submitted

_____________________________6/19/00
27 Mitchell Calculation No. 05996.02-G(B)-04, Rev. 7 Calculation No. 05996.02- G(B)-04, Rev. 6, Stability Analyses of Storage Pad, LA Amendment

111 fails to calculate bending stresses on soil was referenced in SAR Section 2.6.1.12.1, Stability and Settlement 13 submitted
cement due to static loading, freeze-thaw and Analyses-Cask Storage Pads, Rev. 13 (Submitted to the NRC by PFS Letter, 6/23/00; Calc
wet dry, shrinkage and dynamic loading and Parkyn to NRC, License Application Amendment No. 13, dated June 23, G(B)-04, Rev. 6
their consequences. 2000). This calculation was submitted to the NRC by PFS letter from J. submitted

Donnell dated June 19, 2000, "Submittal of Commitment Resolution Letter 6/19/00
__ #34 Information".

28 Failure to take into account the potential for The specific settlement assumptions of PFS calculations have been LA Amendment
differential settlement between foundations available since LA Amendment 13, in June 2000. SAR Section 2.6.1.12.1, 13 submitted
and soil cement. Rev. 13, "Stability and Settlement Analyses-Cask Storage Pads", stated 6/23/00

"The actual bearing pressure for this case was about 1.9 ksf, and the
estimated total settlement of the pad was determined to be about 3.3
inches."

SOIL PROPERTIES _____
29 Bartlett Seismic calculations fail to accurately model PFS Letter, Parkyn to NRC (Director, Office of NMSS), License Application LA Amendment

1123 the nature of subsurface soils after the Amendment No. 3, dated May 19, 1999, discussed the characteristics of 3, submitted



addition of soil cement, such that a soft layer the soil foundation. SAR Section 2.5.2, Rev. 3, December 16, 1999, May 19, 1999
of soil is enclosed between two much stiffer incorporated updated soil data. Section 2.5.2, Rev. 3 states, "based on
layers, and the stress and strain boring data obtained at the site, the uppermost soil layer consists of
concentrations imparted on the soft soil layer. interbedded silt, silty clay, and clayey silt with a thickness of approximately

30 ft. This layer is underlain by very dense fine sand and silt that extends
to a depth of approximately 45 ft." LA Amendment 8 also incorporated the
use of soil cement as the stiff, topmost layer. 12/16/99

30 Mitchell The amounts of cement that PFS plans to use Calculation No. 05996.02- G(B)-04, Revision 6, Stability Analyses of Storage LA Amendment
1112 may not be sufficient to produce a true soil Pad, was referenced in SAR Section 2.6.1.12.1, Stability and Settlement 13 submitted

cement. Analyses-Cask Storage Pads, Revision 13 (Submitted to the NRC by PFS 6/23/00; Calc
Letter, Parkyn to NRC, LA Amendment 13, dated June 23, 2000). This G(B)-04, Rev. 6
calculation was submitted to the NRC by PFS letter from J. Donnell dated submitted
June 19, 2000, "Submittal of Commitment Resolution Letter #34 6/19/00
Information".

31 Mitchell PFS has failed to account for potential effect Soil cement's use was introduced in Revision 8 of the PFS SAR (PFS
1114 of change in water content below pads over Letter, Parkyn to NRC, License Application Amendment No. 8, dated

time from the use of soil cement and the effect December 16, 1999). That License Amendment indicated that soil cement
of the use of heavy placement equipment on would be used under and around the storage pads. 12/16/99
remolding of the subbase soils, affecting the
shear strength of the subbase at the interface
with the cement treated soil.

32 Bartlett PFS has failed to take into account possible The original SAR filed as part of the initial PFS License Application and the Initial License
¶24 partial reduction in undrained shear strength - supporting calculations used undrained shear strength. This assumption Application; LA

due to pore pressure generation during was further clarified by LA Amendment 6 (submitted in PFS letter, Parkyn to Amendment 6
earthquake cycling. the NRC, "License Application Amendment No. 6", dated September 8, submitted

1999). This amendment referenced Calculation No. 05996.02-G(B)-04, 9/8/99; Calc
Rev. 4, for storage pad stability analyses, and Calculation No. 05996.02- G(B)-04, Rev. 4,
G(B)-1 3, Rev. 1, for CTB stability analyses. Both these calculation and Calc G(B)-
revisions were submitted in PFS letter, John Donnell to the NRC, 13, Rev. 1, both
"Calculation Package Submittal, dated September 9, 1999. submitted 9/9/99

33 Bartlett PFS fails to consider the effect of potential The original SAR and supporting calculations did not consider change sin Initial License
25 moisture content changes in the foundation moisture content. For example, 2.6.1.11.1, 2.6.1.11.2, et seq., which would Application; LA

soils with time and their potential effect on be the place where such effects would be discussed, do not discuss the Amendment 6
undrained shear strength used in design of effect of water content changes in discussing soil strength. This assumption submitted
the foundation systems. was further clarified by LA Amendment 6 (submitted in PFS letter, Parkyn to 9/8/99; Calc

the NRC, "License Application Amendment No. 6", dated September 8, G(B)-04, Rev. 4,
1999). This amendment referenced Calculation No. 05996.02-G(B)-04, and Calc G(B)-
Rev. 4, for storage pad stability analyses, and Calculation No. 05996.02- 13, Rev. 1, both
G(B)-13, Rev. 1, for CTB stability analyses. Both these calculation submitted 9/9/99
revisions were submitted in PFS letter, John Donnell to the NRC,

._ "Calculation Package Submittal, dated September 9, 1999.
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RECORD OF REVISIONS

REVISION 0

Original Issue

REVISION 1

Revision 1 was prepared to incorporate the following:
* Revised cask weights and dimensions
* Revised earthquake accelerations
* Determine gan as a function of the coefficient of friction between casks and pad.

REVISION 2

To add determination of dynamic bearing capacity of the pad for the loads and loading
cases being analyzed by the pad designer. These include the 2-cask, 4-cask, and 8-cask
cases. See Attachment A for background information, as well as bearing pressures for the
2-cask loading.

REVISION 3

The bearing pressures and the horizontal forces due to the design earthquake for the 2-
cask case that are described in Attachment A are superseded by those included in
Attachment B. Revision 3 also adds the calculation of the dynamic bearing capacity of the
pad for the 4-cask and 8-cask cases and revises the cask weight to 356.5 K, which is
based on Holtec HI-Storn Overpack with loaded MPC-32 (heaviest assembly weight shown
on Table 3.2.1 of HI-Storm TSAR, Report HI-951312 Rev. 1 - p. C3, Calculation 05996.01-
G(B)-05, Rev 0).

REVISION 4

Updated section on seismic sliding resistance of pads (pp 11-1 4F) using revised ground
accelerations associated with the 2,000-yr return period design basis ground motion
(horizontal = 0.528 g; vertical = 0.533 g) and revised soil parameters (c = 1,220 psf; * =
24.90, based on direct shear tests that are included in Attachments 7 and 8 of Appendix
2A of the SAR.). The horizontal driving forces used in this analysis (EQhc and EQhp) are
based on the higher ground accelerations associated with the deterministic design basis
ground motion (0.67g horizontal and 0.69g vertical). These forces were not revised for the
lower ground accelerations associated with the 2,000-yr return period design basis ground
motion (0.528g horizontal and 0.533g vertical) and, thus, this calculation will require
confirmation at a later date.

Added a section on sliding resistance along a deeper slip plane (i.e., on cohesionless soils)
beneath the pads.

Updated section on dynamic bearing capacity of pad for 8-cask case (pp 38-46). Inserted
pp 46A and 46B. This case was examined because it previously yielded the lowest qa"i
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among the three loading cases (i.e., 2-cask, 4-cask, and 8-cask). The updated section
shows a calculation of qax based on revised soil parameters (c and 0). Note: this analysis
will require confirmation and may be updated using revised vertical soil bearing pressures
and horizontal shear forces, based on the lower ground accelerations associated with the
2,000-yr return period design basis ground motion (0.528g horizontal, and 0.533g
vertical).

Modified/updated conclusions.

NOTE: SYBoakye prepared/DLAloysius reviewed pp 14 through 14F.

Remaining pages prepared by DLAloysius and reviewed by SYBoakye.

REVISION 5

Major re-write of the calculation.

1. Renumbered pages and figures to make the calculation easier to follow.

2. Incorporated dynamic loads due to revised design basis ground motion (PSHA 2,000-yr
return period earthquake), as determined in CEC Calculation 05996.02-G(PO17)-2, Rev
0, and removed "Requires Confirmation".

3. Added overturning analysis.

4. Added analysis of sliding stability of cask storage pads founded on and within soil
cement.

5. Revised dynamic bearing capacity analyses to utilize only total-stress strength
parameters because these partially saturated soils will not have time to drain fully
during the rapid cycling associated with the design basis ground motion. See
Calculation 05996.02-G(B)-05-1 (SWEC, 2000a) for additional details.

6. Added reference to foundation profiles through pad emplacement area presented in
SAR Figures 2.6-5, Sheets 1 through 14.

7. Changed "Load Combinations" to "Load Cases" and defined these cases to be consistent
throughout the various stability analyses included herein. These are the same cases as
are used in the stability analyses of the Canister Transfer Building, Calculation
05996.02-G(B)-13-2 (SWEC, 2000b).

8. Revised conclusions to reflect results of these changes.
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REVISION 6

1. Added "References" section.
2. Revised shear strength used in the sliding stability analyses of the soil cement/silty

clay interface to be the strength measured in the direct shear tests performed on
samples obtained from depths of -5.8 ft in the pad emplacement area. The shear
strength equaled that measured for stresses corresponding to the vertical stresses at
the bottom of the fully loaded cask storage pads.

3. Removed static and dynamic bearing capacity analyses based on total-stress strengths
and added dynamic bearing capacity analyses based on c, = 2.2 ksf..

4. Revised method of calculating the inclination factor in the bearing capacity analyses to
that presented by Vesic in Chapter 3 of Winterkorn and Fang (1975). Vesic's method
expands upon the theory developed by Hansen for plane strain analyses of footings
with inclined loads. Vesic's method permits a more rigorous analysis of inclined loads
acting in two directions on rectangular footings, which more closely represents the
conditions applicable for the cask storage pads.
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OBJECTIVE OF CALCULATION

Evaluate the static & seismic stability of the cask storage pad foundations at the proposed
site, including overturning, sliding, and bearing capacity for static loads & for dynamic
loads due to the design basis ground motion (PSHA 2,000-yr return period earthquake).

ASSUMPTIONS/DATA

The arrangement of the cask storage pads is shown on SWEC Drawing 0599601-EY-2-B.
The spacing of the pads is such that each N-S row of pads may be treated as one long strip
footing with B/L - 0 & B=30 ft for the bearing capacity analyses.

The E-W spacing of the pads is great enough that adjacent pads will not significantly
impact the bearing capacity of one another, as shown on Figure 1, "Foundation Plan &
Profile."

The generalized soil profile, presented in Figure 1, indicates the soil profile consists of -30
ft of silty clay/clayey silt with some sandy silt (Layer 1), overlying -30 ft of very dense fine
sand (Layer 2), overlying extremely dense silt (N 2100 blows/ft, Layer 3). SAR Figures 2.6-
5 (Sheets 1 through 14 present foundation profiles showing the relationship of the cask
storage pads with respect to the underlying soils. These profiles, located as shown in SAR
Figure 2.6-19, provide more detailed stratigraphic information, especially within the upper
-30-ft thick layer at the site.

Figure 1 also illustrates the coordinate system used in these analyses. Note, the X-
direction is N-S, the Y-direction is vertical, and the Z-direction is E-W. This is the same
coordinate system that is used in the stability analyses of the Canister Transfer Building
(Calculation 05996.02-G(B)-13-2, SWEC, 2000b).

The bearing capacity analyses assume that Layer 1, which consists of silty clay/clayey silt
with some sandy silt, is of infinite thickness and has strength properties based on those
measured at depths of -10 ft for the clayey soils within the upper layer. These
assumptions simplify the analyses and they are very conservative. With respect to bearing
capacity, the strength of the sandy silt in the upper layer is greater than that of the clayey
soils, based on the increases in Standard Penetration Test (SPT) blow counts (N-values)
and the increased tip resistance (see SAR Figures 2.6-5) in the cone penetration testing
(ConeTec, 1999) noted in these soils. The underlying soils are even stronger, based on
their SPT N-values, which generally exceed 100 blows/ft.

Based on probabilistic seismic hazard analysis, the peak acceleration levels of 0.528g for
horizontal ground motion and 0.533g for the vertical ground motion were determined as
the design bases of the PFSF for a 2,000-yr return period earthquake (Geomatrix
Consultants, Inc. 1999b).
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GEOTECHNICAL PROPERTIES

Based on laboratory test results presented in Table 2 of Calculation 05996.02-G(B)-05-2
(SWEC, 2000a),

-ymoist = 80 pcf for the soils underlying the pad emplacement area.

The bearing capacity of the structures are dependant primarily on the strength of the soils
in the upper -25 to -30-ft layer at the site. All of the borings drilled at the site indicate
that the soils underlying this upper layer are very dense fine sands overlying silts with
standard penetration test blow counts that exceed 100 blows/ft. The results of the cone
penetration testing, presented in ConeTec(1999) and plotted in SAR Figure 2.6-5, Sheets 1
to 14, illustrate that the strength of the soils in the upper layer are much greater at depths
below -10 ft than in the range of -5 ft to -10 ft. where most of the triaxial tests were
performed.

In practice, the average shear strength along the anticipated slip surface of the failure
mode should be used in the bearing capacity analysis. This slip surface is normally
confined to within a depth below the footing equal to the minimum width of the footing. In
this case, the effective width of the footing is decreased because of the large eccentricity of
the load on the pads due to the seismic loading. As indicated in Table 2.6-7, the minimum
effective width occurs for Load Case IIB, where B' = 16.3 ft. Figure 7 illustrates that the
anticipated slip surface of the bearing capacity failure would be limited to the soils within
the upper two-thirds of the upper layer. Therefore, in the bearing capacity analyses
presented herein, the undrained strength measured in the UU triaxial tests was not
increased to reflect the increase in strength observed for the deeper-lying soils in the cone
penetration testing.

Table 6 of Calc 05996.02-G(B)-05-2 (copy included in Attachment C) summarizes the
results of the triaxial tests that were performed within depths of -10 ft. The undrained
shear strengths measured in these tests are plotted vs confining pressure in Figure 11 of
Calc 05996.02-G(B)-05-2 (copy included in Attachment C). This figure is annotated to
indicate the vertical stresses existing prior to construction and following completion of
construction.

The undrained shear strengths measured in the triaxial tests are used for the dynamic
bearing capacity analyses because the soils are partially saturated and they will not drain
completely during the rapid cycling of loadings associated with the design basis ground
motion. As indicated in Figure 11 of Calc 05996.02-G(B)-05-2 (copy included in
Attachment C), the undrained strength of the soils within -10 ft of grade is assumed to be
2.2 ksf. This value is the lowest strength measured in the UU tests, which were performed
at confining stresses of 1.3 ksf. This confining stress corresponds to the in situ vertical
stress existing near the middle of the upper layer, prior to construction of these
structures. It is much less than the final stresses that will exist under the cask storage
pads and the Canister Transfer Building following completion of construction. Figure 11 of
Calc 05996.02-G(B)-05-2 (copy included in Attachment C) illustrates that the undrained
strength of these soils increase as the loadings of the structures are applied; therefore, 2.2
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ksf is a very conservative value for use in the dynamic bearing capacity analyses of these
structures.

Direct shear tests were performed on undisturbed specimens of the silty clay/clayey silt
obtained at a depth of 5.7 ft to 6 ft in Boring C-2. These tests were performed at normal
stresses that were essentially equal to the normal stresses expected:

1. under the fully loaded pads before the earthquake.

2. with all of the vertical forces due to the earthquake acting upward. and

3. with all of the vertical forces due to the earthquake acting downward.

The results of these tests are presented in Attachment 7 of the Appendix 2A of the SAR
and they are plotted in Figure 7 of Calc 05996.02-G(B)-05-2 (copy included in Attachment
C). Because of the fine grained nature of these soils. they will not drain completely during
the rapid cycling of loadings associated with the design basis ground motion. Therefore.
sliding stability analyses included below of the cask storage pads constructed directly on
the silty clay are performed using the shear strength measured in these direct shear tests
for a normal stress equal to the vertical stress under the fully loaded cask storage pads
prior to imposition of the dynamic loading due to the earthquake. As shown in Figure 7 of
Calc 05996.02-G(B)-05-2 (copy included in Attachment C), this shear strength is 2.1 ksf
and the friction angle is set equal to 00.

Effective-stress strength parameters are estimated to be c = 0 ksf, even though these soils
may be somewhat cemented, and 4 = 300. This value of 4 is based on the PI values for
these soils, which ranged between 5% and 23% (SWEC, 2000a), and the relationship
between 4 and PI presented in Figure 18.1 of Terzaghi & Peck (1967).

Therefore, static bearing capacity analyses are performed using the following soil
strengths:

Case IA Static using undrained strength: 4 = 0° & c = 2.2 ksf.

Case IB Static using effective-stress strength: 4 = 30° & c = 0.

The pads will be constructed on and within soil cement, as illustrated in SAR Figure 4.2-7
and described in SAR Sections 2.6.1.7 and 2.6.4.11. The unit weight of the soil cement is
assumed to be 100 pcf in the bearing capacity analyses included herein. The strength of
the soil cement is conservatively ignored in these bearing capacity analyses.

METHOD OF ANALYSIS

DESCRIPTION OF LoAD CAsEs

Load cases analyzed consist of combinations of vertical static, vertical dynamic
(compression and uplift, Y-direction), and horizontal dynamic (in X and Z-directions) loads.

The following load combinations are analyzed:
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Case I Static

Case II Static + dynamic horizontal forces due to the earthquake

Case III Static + dynamic horizontal + vertical uplift forces due to the earthquake

Case IV Static + dynamic horizontal + vertical compression forces due to the
earthquake

For Case II, 100% of the dynamic lateral forces in both X and Z directions are combined.
For Cases III and IV, the effects of the three components of the design basis ground motion
are combined in accordance with procedures described in ASCE (1986) to account for the
fact that the maximum response of the three orthogonal components of the earthquake do
not occur at the same time. For these cases, 100% of the dynamic loading in one direction
is assumed to act at the same time that 40% of the dynamic loading acts in the other two
directions. For these cases, the suffix "A" is used to designate 40% in the X direction (N-S.
as shown in Figure 1), 100% in the Y direction (vertical), and 40% in the Z direction (E-WI.
Similarly, the suffix "B" is used to designate 40% in the X direction, 40% in the Y, and
100% in the Z, and the suffix "C" is used to designate 100% in the X direction and 40% in
the other two directions. Thus,

Case IlA 40% N-S direction, -100% Vertical direction, 40% E-W direction.

Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.

Case IIIC 100% N-S direction, -40% Vertical direction. 40% E-W direction.

The negative sign for the vertical direction in Case III indicates uplift forces due to the
earthquake. Case IV is the same as Case III, but the vertical forces due to the earthquake
act downward in compression; therefore, the signs on the vertical components are positive.

OVERTURNING STABILITY OF THE CASK STORAGE PADS

The factor of safety against overturning is defined as:

FSor = ZMRestwing - MDrivtng

The resisting moment is calculated as the weight of the pad and casks x the distance from
one edge of the pad to the center of the pad in the direction of the minimum width. The
weight of the pad is calculated as 3 ft x 64 ft x 30 ft x 0.15 kips/ft3 = 864 K, and the weight
of 8 casks is 8 x 356.5 K/cask = 2,852 K The moment arm for the resisting moment
equals ½/2 of 30 ft. or 15 ft. Therefore,

Wp Wc B/2

MResisting = [864 K + 2,852K] x 15 ft = 55,740 ft-K

The driving moment includes the moments due to the horizontal inertial force of the pad x
1/2 the height of the pad, the vertical inertial force of the pad plus casks x 1/2 the minimum
width of the pad, and the horizontal force from the casks acting at the top of the pad x the
height of the pad. The casks are simply resting on the top of the pads; therefore, this force
cannot exceed the friction force acting between the steel bottom of the cask and the top of
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the concrete storage pad. This friction force was calculated based on the upper-bound
value of the coefficient of friction between the casks and the storage pad (g = 0.8, as shown
in SAR Section 8.2.1.2) x the normal force acting between the casks and the pad. This
force is maximum when the vertical inertial force due to the earthquake acts downward.
However, when the vertical force from the earthquake acts downward, it acts in the same
direction as the weight, tending to stabilize the structure. Therefore, the minimum factor
of safety against overturning will occur when the dynamic vertical force acts in the upward
direction, tending to unload the pad.

When the vertical inertial force due to the earthquake acts upward, the friction force = 0.8
x (2,852K - 0.533 x 2,852K) = 1,066 K. This is less than the maximum dynamic cask
horizontal driving force of 1,855 K (Table D-1(c) in CEC, 1999). Therefore, the worst-case
horizontal force that can occur when the vertical earthquake force acts upward is limited
by the upper-bound value of the coefficient of friction between the bottom of the casks and
the top of the storage pad, and it equals 1,066K.

ah Wp av Wp Wc B/2

ZMDrlVtng = 1.5 ft x 0.528 x 864 K + 0.533 x 1864 K + 2,852 K] x 15 ft +
3 ft x 1,066 K = 33,592 ft-K.

EQhc

~FS 55,740 ft - K 1rOT 33,592 ft- K

This is greater than the criterion of 1.1: therefore, the cask storage pads have an adequate
factor of safety against overturning due to dynamic loadings from the design basis ground
motion.

SLIDING STABILITY OF THE CASK STORAGE PADS

The factor of safety (FS) against sliding is defined as follows:

FS = resisting force - driving force

For this analysis, ignoring passive resistance of the soil (soil cement) adjacent to the pad,
the resisting, or tangential force M1, below the base of the pad is defined as follows:

T = Ntan¢+cBL

where, N (normal force) = l F, = Wc + Wp + EQgc + EQp

* = 0° (for Silty Clay/Clayey Silt)

c = 2.1 ksf, as indicated on p C-2.

B = 30 feet

L = 64 feet
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SLUDING STABILITY OF THE PADS CONSTRUCTED ON AND WITHIN SOIL CEMENT

Objective:

Determine the minimum required strength of the soil cement to provide a factor of safety
against sliding of the cask storage pads of 1.1.

Method/Assumptions:

1. Assume that the resistance to sliding is provided only by the passive resistance of the
soil-cement layer above the bottom of the pads, ignoring the contribution of the
frictional portion of the strength.

2. Ignore the passive resistance of the overlying compacted aggregate.

3. Assume the active thrust of the compacted aggregate is less than the passive thrust
and, thus, the active thrust can be ignored.

4. Use Eq 23.8a of Lambe & Whitman (1969) to calculate passive thrust, Pp, as follows:

P, = /2yW H 2 +½hyb H2 No +q 5 HN,* +2c H f

where:

H = height of soil cement above bottom of pad

No = Kp, coefficient of passive pressure, = 1 assuming + = 0.

qs = uniform surcharge, = (yx H)compacted aggregate, > 0.125 kcf x 0.71 ft = 0.09 ksf

c = effective cohesion
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SUDI2G SrABY OF 7HE PADS CONSTRUCTD ON AND WrMm SOL CSiENr

Analysis:

Figure 3 presents an elevation view of the minimum thickness of soil cement in the vicinity
of the cask storage pads. Figure 4 illustrates the passive pressures acting on the pads.

To obtain FS = 1.1, the total resisting force, T, must =

1.lx[3'x30'x64'xQ. 15- + 8 casksx356.5 k] x 0.528

.T=2,158K

Assuming this resisting force is provided only by the passive resistance provided by the 2-
ft thick layer of soil cement adjacent to the pads, as shown in Figures 3 & 4, the minimum

required strength of the soil cement is calculated as follows. Note, ignore buoyancy, since
the depth to the water table is -124.5 ft below grade, as measured in Observation Well
CTB-5 OW.

P =I 2 ,H2N + qsH N, + 2-c H EQ 23.8a of Lambe& Whitman (1969

where qs = (y- H),>¢e = 0.125- x in. =0. 09 ksf/LF, which is negligible.
-ate 2in.ft

Conservatively assuming 0 = 0° for soil cement, No = Kp = 1.0.

Assuming sliding resistance is provided only by the passive resistance of the soil cement,
the minimum resistance will exist for sliding in the N-S direction, because the width in the
east-west direction (B=30') is less than the length in the north-south direction (L=641).

Find the minimum cohesion required to provide FS = 1.1.

Y H2  KP H FN

PP must be Ž 2,158K =2 0.100 x(2 ft)2 x1.0 + 2c 2 ft -.1
2 i

2,5 K0.2- +4c=71.93- > 4c=71.73-K
30ft ft LF LF

ksf x( ft 2x 1,000#
z Ž 17.93- Ix =125 psi

LF t12in.) K

The unconfined compressive strength equals twice the cohesion, or 250 psi. Soil cement

with strengths higher than this are readily achievable, as illustrated by the lowest curve in

Figure 4.2 of ACI 230. 1R-90, which applies for fine-grained soils similar to the eolian silt

in the pad emplacement area. Note, fL = 40C where C = percent cement in the soil cement.

Therefore, to obtain f, >250 psi, the percentage of cement required would be -250/40 =
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SLIDING SrABarZ OF THE PADS COIYSmRUCiED ON.J A 1 Wa SOIL CEMEwIr

6.25%. This is even less cement than would typically be used in constructing soil cement
for use as road base, and it would be even lower if shear resistance acting on the base of
the pad was included or if Kp was calculated for t > 00. Note, Tables 5 & 6 of Nussbaum &
Colley (1971) indicate * exceeds 400 for all A-4 soils (CL & ML) treated with cement.
Therefore, soil cement will greatly improve the sliding stability of the cask storage pads.

As indicated in Figure 3, the soil cement will extend at least 1 ft below all of the cask
storage pads, and, as shown in SAR Figure's 2.6-5, Pad Emplacement Area Foundation
Profiles, it will typically extend 3 to 5 ft below most of the pads. Thus, the area available to
resist sliding will greatly exceed that of the pads alone. The soil cement will have higher
shear strength than the underlying silty clay/clayey silt layer; therefore, the resistance to
sliding on that interface will be limited by the shear strength of the silty clay/clayey silt.
Direct shear tests on samples of the soils from the in the pad emplacement area indicate
the shear strength available to resist sliding from loads due to the design basis ground
motion 2.1 ksf as shown in Figure 7 of Calc 05996.02-G(B)-5-2 (copy included in
Attachment C).

The following pages illustrate that there is an adequate factor or safety against sliding of
the pads, postulating that they are constructed directly on the silty clay/clayey silt and
neglecting the passive resistance provided by the soil cement that will be surrounding the
pads. The factor of safety against sliding along the soil cement/silty clay interface will be
much greater than this, because the shearing resistance will be available over the areas
between the pads, as well as under the pads, and additional passive resistance will be
provided by the continuous soil cement layer existing below the pads.
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SLIDING STABILITY OF THE PADS CONSTRUCTED DIRECTLY ON SILTY CA YICLA YEY SILT

Material around the pad will be soil cement. In this analysis, the passive resistance
provided by the soil cement is ignored to demonstrate that there is an acceptable factor of
safety against sliding of the pads if they were founded directly on the silty clay/clayey silt.
The soil cement is assumed to have the same properties that were used in Rev 4 of this
calculation to model the crushed stone (compacted aggregate) that was originally proposed
adjacent to the pads. These include:

y = 125 pcf Because of the low density of the eolian silts that will be
used to construct the soil cement, it is likely that y will be
less than this value. It is conservative to use this higher
value, because it is used in this analysis only for
determining upper-bound estimates of the active earth
pressure acting on the pad due to the design basis ground
motion.

= 400 Tables 5 & 6 of Nussbaum & Colley (1971) indicate that 4
exceeds 40° for all A-4 soils (CL & ML, similar to the eolian
silts at the site) treated with cement; therefore, it is likely
that 4 will be higher than this value. This value is not used,
however, in this analysis for calculating sliding resistance.
It also is used in this analysis only for determining upper-
bound estimates of the active earth pressure acting on the
pad due to the design basis ground motion.

H = 3 ft As shown in SAR Figure 4.2-7, the pad is 3 ft thick, but it is
constructed such that the top is 3.5" above grade to
accommodate potential settlement. The depth of the pad is
used in this analysis only for calculating the maximum
dynamic lateral earth pressure; therefore, it is conservative
to ignore the 3.5" that the pad sticks out of the ground.

The resistance to sliding is lower when the forces due to the earthquake act upward:
therefore, analyze the sliding stability for Load Case III, which has the dynamic forces due
to the earthquake acting upward. To increase the conservatism of this analysis, assume
100% of the dynamic forces due to the earthquake act in both the N-S and Vertical
directions at the same time. The length of the pad in the N-S direction (64 ft) is greater
than twice the width in the E-W direction (30 ft); therefore, estimate the driving forces due
to dynamic active earth pressures acting on the length of the pad, tending to cause sliding
to occur in the E-W direction. The maximum dynamic cask driving force, however, acts in
the N-S direction. To be conservative, assume that it acts in the E-W direction in this
analysis of sliding stability. However, the maximum horizontal force that can be applied to
the top of the pad by the casks is limited to the maximum value of the coefficient of friction
between the cask and the top of the pad, which equals 0.8, multiplied by the cask normal
force.
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SLIDING SrABIU7Y oF 1E: CAsK STORAGE PADs C-oivsmuCrMaw DRLY ON SLIT CLAY! CLA YE? SiLT

ACTIvE EARTH PRESSURE,

Pa 0.5 Y H2 Ka

Ka = (1 - sin 4))/(l + sin 4)) = 0.22 for 4)=400 for the soil cement.

Pa = [0.5 x 125 pcf x (3 ft)2 x 0.221 x 64 ft (length)/storage pad = 7,920 lbs.

DYNAPMC EARTH PREssuRE

As indicated on p 11 of GTG 6.15-1 (SWEC, 1982), for active conditions, the combined
static and dynamic lateral earth pressure coefficient is computed according to the analysis
developed by Mononobe-Okabe and described in Seed and Whitman (1970) as:

KAE = (I -aV) _ COS 2 (4)-0._a) -2

Cos 0*_cos 2 a-cos(5+ac+0).L+ Isin (4 + 6) sin (0 - e.-13)][ tCos (6 + a + O)* Cos (-a)]

where:

8 = tan'1 (a H

13= slope of ground behind wall,

a = slope of back of wall to vertical,

a H =horizontal seismic coefficient, where a positive value corresponds to a horizontal

inertial force directed toward the wall,
av= vertical seismic coefficient, where a positive value corresponds to a vertical inertial

force directed upward,

6 = angle of wall friction,

4= friction angle of the soil,

g = acceleration due to gravity.

The combined static and dynamic active earth pressure force, PAE, is calculated as:

PAE =Iyi 2 KAES where:

y = unit weight of soil,

H = wall height, and

KA is calculated as shown above.
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D = a = 0

( 0.528-5335)
1-0.533)=

4 = 4O0

Approximating sin (4 - 0) = 0 and cos (4 - 0) - 1

C -aC
KEcos 0 - cos (8 + 0)

8= -=20'
2

1- 0.533
1.92

cos 48.50 cos (20' + 48.5 )

Therefore, the combined static and dynamic active lateral earth pressure force is:

H2 KAE L

FAEE W = PAE = I xl25pcf x(3ft)2 xl.92x64ft/ storage pad=69.lK inE-W direction.
2

30 ftFA,~E. = 69. 1K x = 32.4K inthe N- Sdirection.
64 ft
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SUDING STABny oF THE CASK STORAGE P,w~SCONSIRUCIED DIECThY o,VSn..nYCLAYICLAYwEYSIu-

WEIGHTS

Casks: WC = 8 x 356.5 K/cask = 2,852 K

Pad: Wp =3 ft x64 ft x3Oft x0.15 kips/ft3= 864 K

EARTHQUAKE ACCELERATIONS - PSHA 2,000-YR RETURN PERIOD

aH = horizontal earthquake acceleration = 0.528g

av = vertical earthquake acceleration = 0.533g

CASK EARTHguAKE LOADINGS

EQvc = -0. 533 x 2,852 K = -1, 520 K (minus sign signifies uplift force)

Eghc, = 1.855 K (acting short direction of pad, E-W) Qxd =in Table D- I1(c) in Att B

EQhcy = 1,791 K (acting in long direction of pad, N-S) Qy maxin Table D- 1 (c) 1

Note: These maximum horizontal dynamic cask driving forces are from Calc 05996.02-
G(P017)-2, (CEC, 1999), and they apply only when the dynamic forces due to the
earthquake act downward and the coefficient of friction between the cask and the pad
equals 0.8. For frictional materials, sliding is critical when the foundation is unloaded due
to uplift forces from the earthquake. Therefore, EQhcma is limited to a maximum value of
1.066 K for Case III, based on the upper-bound value of p. = 0.8, as shown in the following
table:

WT EQvc N fO.2xNI0.8XNI Egic max

Case M - Uplift 2,852 -1,520 1,332 266 1,066 1,066

Case IV - EQ-, Down 2,852 1,520 4,372 874 3,498 1,855 E-W
____ ___ _ __ __ _ ___ 1,791 N -S

Note:

Case III: 100% N-S. -100% Vertical, 0% E-W Earthquake Forces Act Upward

Case IV: 100% N-S. 100% Vertical, 0% E-W Earthquake Forces Act Downward

FOUNDATION PAD EARTHquAKE LOADINGS

EQvp = -0.533 x 864 K = -461 K

EQhp = 0.528 x 864 K = 456 K
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CASE III: 100% N-S, -100% VERTICAL, 0% E-W

Minimum sliding resistance exists when EQvc and EQvp act in an upward direction (Case
III), tending to unload the pad. For this case,

WC Wp Egvc Egvp
N = 2,852 K + 864 K + (-1,520 K) + (-461 K) = 1,735 K

N *0 c B L
T = 1,735 K x tan QO + 2.1 ksf x 30 ft x 64 ft =4,032 K

The driving force, V, is defined as:

V = FAE + EQhp + EQhc

The factor of safety against sliding is calculated as follows:

T FAB EQhp EQhc
FS =4,032 K - (69.1 K +456 K+ 1,066 K) = 2.53

For this analysis, the value of EQhc was limited to the upper-bound value of the coefficient
of friction, jI. = 0.8, x the cask normal load, because if Qxd exceeds this value, the cask
would slide. The factor of safety exceeds the minimum allowable value of 1. 1: therefore
the pads are stable with respect to sliding for this load case. The factor of safety against
sliding is higher than this if the lower-bound value of p is used 11= 0.2), because the driving
forces due to the casks would be reduced.

CASE, rV: 100% N-S, 100% VERTICAL, 0% E-W EARTHquAKE FORCES ACT DowNwARD

When the earthquake forces act in the downward direction:

T = Ntano+[cBL]

where, N (normal force) = I Fv = Wc + Wp + EQvc + EQvp

WC Wp Egvc Egvp

N =2,852 K +864 K+ 1,520 K +461 K =5,697 K

N * c B L
T =5,697 Kx tan 0 + 2.1 ksfx 30ft x64 ft] = 4,032 K

The driving force, V, is defined as:

V = FAE + EQhp + EQhc

The factor of safety against sliding is calculated as follows:

T FAE EQhp EQhc
FS =4,032 K -(69.1 K +456 K +l,855 K) = 1.69
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For this analysis, the larger value of EQhc (i.e., acting in the short direction of the pad)
was used, because it produces a lower and, thus, more conservative factor of safety. The
factor of safety exceeds the minimum allowable value of 1.1; therefore the pads are stable
with respect to sliding for this load case. The factor of safety against sliding is higher than
this if the lower-bound value of ± is used (= 0.2), because the driving forces due to the
casks would be reduced.

These analyses illustrate that if the cask storage pads constructed directly on the silty
clay/clayey silt layer, they would have an adequate factor of safety against sliding due to
loads from the design basis ground motion. Because the soil cement is continuous
between the pads, its interface with the silty clay will be much larger than that provided by
the footprint of the pads and used in the analyses presented in this section. The soil
cement will be mixed and compacted into the upper layer of the silty clay, providing a
bond at the interface that will exceed the strength of the silty clay. Therefore, this
interface will have more resistance to sliding than is included in these analyses and, thus,
there will be adequate resistance at this interface to preclude sliding of the pads due to the
loads from the design basis ground motion.



STONE & WEBSTER ENGINEERING CORPORATION

5010.65 CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. I DIVISION & GROUP I CALCULATION NO. I OPTIONAL TASK CODE PAGE 20
05996.02 G(B) 04 - 6

EVALUATION OF SLIDING ON DEEP SLIP SURFACE BENEATH PADS

Adequate factors of safety against sliding due to maximum forces from the design basis
ground motion have been obtained for the storage pads founded directly on the silty
clay/clayey silt layer, conservatively ignoring the presence of the soil cement that will
surround the pads. The shearing resistance is provided by the undrained shear strength
of the silty clay/clayey silt layer, which Is not affected by upward earthquake loads. As
shown in SAR Figures 2.6-5, Pad Emplacement Area - Foundation Profiles, a layer,
composed in part of sandy silt, underlies the clayey layer at a depth of about 10 ft below
the cask storage pads. Sandy silts oftentimes are cohesionless; therefore, to be
conservative, this portion of the sliding stability analysis assumes that the soils in this
layer are cohesionless, ignoring the effects of cementation that were observed on many of
the split-spoon and thin-walled tube samples obtained in the drilling programs.

The shearing resistance of cohesionless soils is directly related to the normal stress.
Earthquake motions resulting in upward forces reduce the normal stress and,
consequently, the shearing resistance, for purely cohesionless (frictional) soils. Factors of
safety against sliding in such soils are low if the maximum components of the design basis
ground motion are combined. The effects of such motions are evaluated by estimating the
displacements the structure will undergo when the factor of safety against sliding is less
than 1 to demonstrate that the displacements are sufficiently small that, should they
occur, they will not adversely impact the performance of the pads.

The method proposed by Newmark (1965) is used to estimate the displacement of the
pads, assuming they are founded directly on a layer of cohesionless soils. This
simplification produces an upper-bound estimate of the displacement that the pads might
see if a cohesionless layer was continuous beneath the pads. For motion to occur on a slip
surface along the top of a cohesionless layer at a depth of 10 ft below the pads, the slip
surface would have to pass through the overlying clayey layer, which, as shown above, is
strong enough to resist sliding due to the earthquake forces. In this analysis, a friction
angle of 30° is used to define the strength of the soils to conservatively model a loose
cohesionless layer. The soils in the layer in question have a much higher friction angle,
generally greater than 350, as indicated in the plots of "Phi" interpreted from the cone
penetration testing, which are presented in Appendix D of ConeTec (1999).

ESTIMATION OF HORiZONTAL DISPLACEMENT USING NEWMARK'S METHOD

N.W f Fv(Ek l

+FV

P T = x-Area
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Newmark (1965) defines "N-W" as the steady force applied at the center of gravity of the
sliding mass in the direction which the force can have its lowest value to just overcome the
stabilizing forces and keep the mass moving. Note, Newmark defines "N' as the "Maximum
Resistance Coefficient," and it is an acceleration coefficient in this case, not the normal
force.

For a block sliding on a horizontal surface, N-W = T.

where T is the shearing resistance of the block on the sliding surface.

Shearing resistance, T = -TArea

where T= on tan 4

9n = Normal Stress

4 = Friction angle of cohesionless layer

on = Net Vertical Force/Area

= (F - Eqk)/Area

T = (Fv - Fv Eqk) tan4,

NW= T

=> N = [(Fv - F, qk tan4I/ W

The maximum relative displacement of the pad relative to the ground, um, is calculated as

ur = [V2 (1 - N/A)l / (2gN)

The above expression for the relative displacement is an upper bound for all of the data
points for N/A less than 0.15 and greater than 0.5, as shown in Figure 5 , which is a copy
of Figure 41 of Newmark (1965). Within the range of 0.5 to 0.15. the following expression
gives an upper bound of the maximum relative displacement for all data.

urm = V2 /(2gN)

MAXIMUM GROUND MOTIONS

The maximum ground accelerations used to estimate displacements of the cask storage
pads were those due to the PSHA 2,000-yr return period earthquake; i.e., aH = 0.528g and
av = 0.533g. The maximum horizontal ground velocities required as input in Newmark's
method of analysis of displacements due to earthquakes were estimated for the cask
storage pads assuming that the ratio of the maximum ground velocity to the maximum
ground acceleration equaled 48 (i.e., 48 in./sec per g). Thus, the estimated maximum
velocities applicable for the Newmark's analysis of displacements of the cask storage pads
= 0.528 x 48 = 25.3 in./sec. Since the peak ground accelerations are the same in both
horizontal directions, the velocities are the same as well.
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LOAD CASES

The resistance to sliding on cohesionless materials is lowest when the dynamic forces due
to the design basis ground motion act in the upward direction, which reduces the normal
forces and, hence, the shearing resistance, at the base of the foundations. Thus, the
following analyses are performed for Load Cases IIIA, fIIB, and 0IC, in which the pads are
unloaded due to uplift from the earthquake forces.

Case IIIA 40% N-S direction,-100% Vertical direction, 40% E-W direction.

Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.

Case IIIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.

GROUND MOTIONS FOR ANALYSIS

North-South Vertical East-West
Load Case Accel Velocity Accel Accel Velocity

g in./sec g g in./sec

IIIA 0.21 lg 10.1 0.533g 0.211g 10.1

IIIB 0.21 lg 10.1 0.213g 0.528g 25.3

1IC 0.528g 25.3 0.213g 0.21 1g 10.1

Load Case MA: 40% N-S direction, -100% Vertical direction, 40% E-W direction.

Static Vertical Force, F, = W = Weight of casks and pad = 2,852 K + 864 K = 3,716 kips

Earthquake Vertical Force, Fv Eqk = av x W/g = 0.533g x 3,716 K/g = 1,981 K

( = 30°

For Case I11A, 100% of vertical earthquake force is applied upward and, thus, must be
subtracted to obtain the normal force; thus, Newmark's maximum resistance coefficient is

Fv F, Eqk 0 W

N = 1(3,716- 1,981) tan 3001 / 3,716 = 0.270

40% N-S 40% E-W

Resultant acceleration in horizontal direction, A = j(0.2112 + 0.2112) = 0.299g

40% N-S 40% E-W

Resultant velocity in horizontal direction, V = (10. 12 + 10.12) = 14.3 in./sec

> N / A = 0.270 /0.299 = 0.903

The maximum displacement of the pad relative to the ground, um, calculated based on
Newmark (1965) is



STONE & WEBSTER ENGINEERING CORPORATION

5010.65 CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE

05996.02 G(B) 04 - 6
EVAwAT7ON OFSuDING ON DEEP SuP SURFACE BFNEArH PADS

Urn = [V2 (1- N/A)I / (2gN)

where g is in units of inches/sec2 .

=(14.3in./sec)2 (0-0.903)Y=
2.386.4in./sec2 . 0.270 )

The above expression for the relative displacement is an upper bound for all the data
points for N /A less than 0.15 and greater than 0.5, as shown in Figure 5. In this case,
N /A is > 0.5; therefore, this equation is applicable for calculating the maximum relative
displacement. Thus the maximum displacement is -0.1 inches.

Load Case BIB: 40% N-S direction, -40% Vertical direction, 100% E-W direction.

Static Vertical Force, F, = W = 3,716 K

Earthquake Vertical Force, Fr(Eqk) = 1,981 K x 0.40 = 792 K

41= 3 0°

Fv Fv Eqk 4 W

N = [(3,716 - 792) tan 301 / 3,716 = 0.454

40% N-S 100% E-W

Resultant acceleration in horizontal direction, A = V(0.2112 + 0.5282) g = 0.569g

40% N-S 100% E-W

Resultant velocity in horizontal direction, V = F(10.12 + 25.32) =27.2 in./sec

> N / A = 0.454 / 0.569 = 0.798

The maximum displacement of the pad relative to the ground, urn,, calculated based on
Newmark (1965) is

Um = [V2 (1 - N/A)1 / (2g N)

Ur (27.2in./sec)2 (1 - 0.798) = 0.43"
2 386.4in./sec2 . 0.454 )

The above expression for the relative displacement is an upper bound for all the data
points for N /A less than 0.15 and greater than 0.5, as shown in Figure 5. In this case,
N /A is > 0.5; therefore, this equation is applicable for calculating the maximum relative
displacement. Thus the maximum displacement is -0.4 inches.
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Load Case IHC: 100% N-S direction, -40% Vertical direction, 40% E-W direction.

Since the horizontal accelerations and velocities are the same in the orthogonal directions,
the result for Case RIC is the same as those for Case IIIB.

SUMMARY OF HORIZONTAL DISPLACEMENTS CALCULATED BASED ON NEWMARK'S METHOD

LOAD COMBINATION DISPLACEMENT

Case IIA | 40% N-S -100% Vert 40% E-W 0.1 inches

Case IIIB f 40% N-S -40% Vert 100% E-W 0.4 inches

Case 111C 100% N-S -40% Vert 40% E-W 0.4 inches

Assuming the cask storage pads are founded directly on a layer of cohesionless soils with ¢

= 30°, the estimated relative displacement of the pads due to the design basis ground
motion based on Newmark's method of estimating displacements of embankments and
dams due to earthquakes ranges from -0.1 inches to 0.4 inches. Because there are no
connections between the pads or between the pads and other structures, displacements of
this magnitude, were they to occur, would not adversely impact the performance of the
cask storage pads. There are several conservative assumptions that were made in
determining these values and, therefore, the estimated displacements represent upper-
bound values.

The soils in the layer that are assumed to be cohesionless, the one -10 ft below the pads
that is labeled "Clayey Silt/Silt & Some Sandy Silt" in the foundation profiles in the pad
emplacement area (SAR Figures 2.6-5, Sheets 1 through 14), are clayey silts and silts, with
some sandy silt. To be conservative in this analysis, these soils are assumed to have a
friction angle of 30°. However, the results of the cone penetration testing (ConeTec, 1999)
indicate that these soils have * values that generally exceed 35 to 40°. as shown in
Appendices D & F of ConeTec (1999). These high friction angles likely are the
manifestation of cementation that was observed in many of the specimens obtained in
split-barrel sampling and in the undisturbed tubes that were obtained for testing in the
laboratory. Possible cementation of these soils is also ignored in this analysis, adding to
the conservatism.

In addition, this analysis postulates that cohesionless soils exist directly at the base of the
pads. In reality, the surface of these soils is 10 ft or more below the pads, and it is not
likely to be continuous, as the soils In this layer are intermixed. For the pads to slide, a
surface of sliding must be established between the horizontal surface of the "cohesionless"
layer at a depth of at least 10 ft below the pads, through the overlying clayey layer, and
daylighting at grade. As shown in the analysis preceding this section, the overlying clayey
layer is strong enough to resist sliding due to the earthquake forces. The contribution of
the shear strength of the soils along this failure plane rising from the horizontal surface of
the "cohesionless" layer at a depth of at least 10 ft to the resistance to sliding is ignored in
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the simplified model used to estimate the relative displacement, further adding to the
conservatism.

These analyses also conservatively ignore the presence of the soil cement under and
adjacent to the cask storage pads. As shown above, this soil cement can easily be
designed to provide all of the sliding resistance necessary to provide an adequate factor of
safety. considering only the passive resistance acting on the sides of the pads, without
relying on friction or cohesion along the base of the pads. Adding friction and cohesion
along the base of the pads will increase the factor of safety against sliding.
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The bearing capacity for shallow foundations is determined using the general bearing
capacity equation and associated factors, as referenced in Winterkorn and Fang (1975).
The general bearing capacity equation is a modification of Terzaghi's bearing capacity
equation, which was developed for strip footings and indicates that q,,,t = c-N, + q-Nq +
½/2yB.N. The ultimate bearing capacity of soil consists of three components: 1) cohesion.
2) surcharge, and 3) friction, which are represented by the bearing capacity factors Nc, Nq,
and N. Terzaghi's bearing capacity equation has been enhanced by various investigators
to incorporate shape, depth, and load inclination factors for different foundation
geometries and loads as follows:

qtu =cN. sc det i+ Nq sqdq ~i+/2 yB Ns.d ,

where

quit = ultimate bearing capacity

c = cohesion or undrained strength

q = effective surcharge at bottom of foundation, = yD1

y= unit weight of soil

B = foundation width

sc, sq, s. = shape factors, which are a function of foundation width to length

dc, C1,q dr = depth factors, which account for embedment effects

i&, i, , = load inclination factors

N, N,, N7 = bearing capacity factors, which are a function of ¢.

y in the third term is the unit weight of soil below the foundation, whereas the unit
weight of the soil above the bottom of the footing is used in determining q in the second
term.

BEARING CAPA CITY FACTORS

Bearing capacity factors are computed based on relationships proposed by Vesic (1973).
which are presented in Chapter 3 of Winterkorn and Fang (1975). The shape. depth and
load inclination factors are calculated as follows:

N, = eRLwe tan2(45 + )

Nc=(N,-I) cot4, but= 5.14 for =0.

N,=2 (Nq+1) tan 0



STONE & WEBSTER ENGINEERING CORPORATION

501 D. 65 CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. IDIVISION & GROUP ICALCULATION NO. OPTIONAL TASK CODE PAGE 27
05996.02 G(B) 04 -6

AU-WABLE BKARLVG CAP'ACrTY OFTHASCASK STORAGE PADS

SHAPE FACTORS (FOR L>B)

S= +B Nq
L Nc

Sq = 1 + - tan (
L

sy = 1- 0.4-B
L

DEPTH FACTORS (FOR Di • 1)

d = dq d)foro>0 and -c104(3 for 6 O.
Nq -tan (pB

dq =1+ 2tanO -(I -sin 0 -) D

dy= 1

INCLINATION FACTORS

(1= - jq mF '

it1Fv + B'L'c cot(P

where F~1 and Fv are the total horizontal and vertical forces acting on the footing.

STA Tic BEARING CAPA CITY OF THE CASK STORAGE PADS

The following pages present the details of the bearing capacity analyses for the static load
cases. These cases are identified as follows:

Case IA Static using undrained strength parameters O' =Q & c = 2.2 ksf).

Case 113 Static using effective-stress strength parameters (0 = 300 & c = 0).
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Allowable Bearing Capacity of Cask Storage Pads
ii 1

Static Analysis:
Soil Properties:
Undrained Strength

Foundation Properties:

Case IA -Static 1j 0%inX, 0 %in Y, I
C = 2,200 Cohesion (psf)

* 0.0 Friction Angie (degrees)
T= 80 Unit weight of soil (pcf)

Tsurch = 100 Unit weight of surcharge (pcf)
B' 30.0 Footing Width - ft (E-W) L= 64.0 Len
Df = 2.7 Depth of Footing (ft)

= 0.0 Angle of load inclination from vertical (degrees)
FS = 3.0 Factor of Safety required for

Fv = 3,716 k EQv= 0 k
EQH E-W= O k EQH N.S = 0 k

D% in Z1

gth - ft (N-S

quit c:N. se dcic+ ysurch DI NqSq diq ig+1I2 yB N. s d. iy

Ne (Nq - 1) cot(4,), but = 5.14 for4= 0
Nq = e' tano tan2 &x/4 + ,/2)

sc = 1 + (B/L)(N^/~
sq= 1 + (B3/1) tan

1y= -0.4 (B/L)

For DjIB 51:dq =l1+2 tan , ( - sin 0)2 D,/B
d 1= 1

For 4, > 0: de = dq - (1-d,) / (Nq, tan 0)
For 4, = 0: de= 1 +s 0.4 (Di/B)

General Bearing Capacity lequation,
based on Winterkorn & Fang (1975)

- 5.14 Eq 3.6 &Table 3.2

- 1.00 Eq 3.6

- 0.00 Eq 3.8

- 1.09

- 1.00

- 0.81

- 1.00

- 1.00

Table 3.2

Eq 3.26

- N/A
- 1.04 Eq 3.27

No inclined loads; therefore, i. = iq = iy = 1.-0.

N, term N. term N'y term

0 + 6,497 + 21,842Gross q, = 13,056 psf =

qat= 4,350 psf = quit / FS

qactual = 1,936 psf = (F, + EQJ) 1(8' x L')

FSactua = 6.75 = quit / qactual > 3 Hence OK

(geot~jO5996\calc\bmg..cap\Pad\ou..phi.xis
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Allowable Bearing Capacity of C;
Static Analysis: Case
Soil Properties: C =
Effective-Stress Strengths 4

Foundation Properties:
Tsurcn

B3' =

Di =

FS =

E-W =

)s

ask Storage Pads

Il3- Static 0%inX, % in Y, 0 %in Z1
0 Cohesion (psi)

30.0 Friction Angle (degrees)
80 Unit weight of soil (pcf)

100 Unit weight of surcharge (pcf)
30.0 Footing Width - ft (E-W) L = 64.0 Length - ft (N-S
2.7 Depth of Footing (ft)
0.0 Angle of load inclination from vertical (degrees)
3.0 Factor of Safety required for qaI0owab;1.

3,716 k EQV 0 k
0 k EQHNWS=0 k

General Bearing Capacity Equation,
1/2 y B NY sydY1 based on Winterkorn & Fang (1975)
~, but = 5.14 for0= 30.14 Eq 3.6 & Table 3.2

t + ,12) - 18.40 Eq 3.6

I() - 22.40 Eq 3.8

qui = c Nc scdc ic+YSUrCh Df NqSq dq iq +

Nr = (Nq - 1) cot(,:

Nq= e' tn tan 2(ir1g

NY = 2(Nq +1) tar

s,= 1 + (B/L)(NW/Nc)-
=1 + (BIL) tan ,

S=1 -0.4 (B/L)

For DWB <1: dq = 1 + 2tan4 (1 -sin 4,)2 0D/B-
dy= 1

For 4,> 0: d, = dq - (l dq) /(Nq tan4)
For 4, = 0- d0 = 1 + 0.4 (0D/B)

No inclined loads; therefore, i, = iq i = 1 .0.

1.29
1.27
0.81

1.03
1.00

1.03
N/A

Table 3.2

Eq 3.26

Eq 3.27

N. term Nq term
0 + 6,497

Ny..term

+ 21,842Gross q,l,1 = 28,340 psf =

qaI= 9,440 psf = quit I FS

qcul= 1,936 pst = (F, + EOQ) I (B' x L')

Fgaetual = 14.64 = qu,,, / qactuai > 3 Hence OK

[geot]i05996\calc\brng-.cap\Pad~cu-.phi.xls
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Table 2.6-6 presents a summary of the results of the bearing capacity analyses for the
static load cases. As indicated in this table, the gross allowable bearing pressure for the
cask storage pads to obtain a factor of safety of 3.0 against a shear failure from static loads
is greater than 4 ksf. However, loading the storage pads to this value may result in
undesirable settlements. This minimum allowable value was obtained in analyses that
conservatively assume 4 = 0° and c = 2.2 ksf, as measured in the UU tests that are
reported in Attachment 2 of Appendix 2A of the SAR, to model the end of construction.
Using the estimated effective-stress strength of * = 30° and c = 0 results in higher
allowable bearing pressures. As shown in Table 2.6-6. the gross allowable bearing
capacities of the cask storage pads for static loads for this soil strength is greater than 9
ksf.
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Dynamic bearing capacity analyses are performed using two different sets of dynamic
forces. In the first set of analyses. which are presented on Pages 32 to 45, the dynamic
loads are determined as the inertial forces applicable for the peak ground accelerations
from the design basis ground motion. The second set of analyses use the maximum
dynamic cask driving forces developed for use in the design of the pads in Calculation
05996.02-G(P017)-2 (CEC, 1999), for the pad supporting 2 casks, 4 casks, and 8 casks.

BASED ON INERTIAL FORCES

This section presents the analysis of the allowable bearing capacity of the pad for
supporting the dynamic loads defined as the inertial forces applicable for the peak ground
accelerations from the design basis ground motion. The total vertical force includes the
static weight of the pad and eight fully loaded casks ± the vertical inertial forces due to the
earthquake. The vertical inertial force is calculated as av x [weight of the pad + cask dead
loads], multiplied by the appropriate factor (±40% or ± 100%) for the load case. In these
analyses, the minus sign for the percent loading in the vertical direction signifies uplift
forces, which tend to unload the pad. Similarly, the horizontal inertial forces are
calculated as ai, x [weight of the pad + cask dead loads], multiplied by the appropriate
factor (40% or 100%) for the load case. The horizontal inertial force from the casks was
confirmed to be less than the maximum force that can be transmitted from the cask to the
pad through friction for each of these load cases. This friction force was calculated based
on the upper-bound value of the coefficient of friction between the casks and the storage
pad considered in the HI-STORM cask stability analysis (p. = 0.8, as shown in SAR Section
8.2.1.2, Accident Analysis) x the normal force acting between the casks and the pad.

The lower-bound friction case (discussed in SAR Section 4.2.3.5. 1B), wherein p between
the steel bottom of the cask and the top of the concrete storage pad = 0.2, results in lower
horizontal forces being applied at the top of the pad. This decreases the inclination of the
load applied to the pad, which results in increased bearing capacity. Therefore, the
dynamic bearing capacity analyses are not performed for p. = 0.2.

Table 2.6-7 presents the results of the bearing capacity analyses for the following cases.
which include static loads plus inertial forces due to the earthquake. Because the in situ
fine-grained soils are not expected to fully drain during the rapid cycling of load during the
earthquake, these cases are analyzed using the undrained strength that was measured in
unconsolidated-undrained triaxial tests (¢ = 0° and c = 2.2 ksfl.

Case II 100% N-S direction, 0% Vertical direction, 100% E-W direction.
Case IIIA 40% N-S direction, -100% Vertical direction, 40% E-W direction.

Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.
Case IIIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.
Case IVA 40% N-S direction, 100% Vertical direction, 40% E-W direction.
Case IVB 40% N-S direction, 40% Vertical direction, 100% E-W direction.

Case IVC 100% N-S direction, 40% Vertical direction, 40% E-W direction
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DYtiAmic BEARIG CAPACrr OF THE CASK SiOR~oE PADS BASED ON MR71AL FORCEs

Case H. I100% N-S, 0% Vertical, I100% E-W

Determine forces and moments due to earthquake.

WC Wp

F,= 2,852 K + 864 K = 3,716 K and EQ, = 0 for this case.

ali HTp),,t B L on

EQH Pad =0.528 X 3' x 30' x 64' x 0. 15 kcf = 456 K

aHi WC A Nc
EQhc =Minimum of [0.528 x2,852 K& 0.8 x2,852 K]I EQhc =1,506 K

1,506 K 2,282K

Note, Nc =Wc in this case, since av = 0.

EQhp EQhc

EQHN~S= 456 K+ 1,506 K= 1,962 K

The horizontal components are the same for this case; therefore, EQH E-W = EQH N-S

Combine these horizontal components to calculate FH:

=~FH = EQ2 HE-~w+EQ 2 iiN-s~ =1,962 2 + 1,9622 = 2,775 K

Determine moments acting on pad due to casks.

See Figure 6 for identification of Ab.

9. 83'xEQhc_ 9.83'xl,506K_
A = 5.19 ft

Wc±+EQvc 2,852 K+ 0

aH Wp EQhc Ab Wc Egvc

.MoN-s= 1.5' x 0.528 x 864 K + 3'x 1,506 K + 5.19' x (2,852K + 0)

-684 ft-K + 4,518 ft-K + 14,804 ft-K = 20,006 ft-K

The horizontal forces are the same N-S and E-W for this case; therefore,

IMOE-W= FZM@N-S = 20,006 ft-K

Determine qac,wable for 1ES = I 1.I.
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CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO.

05996.02 _
DIN

G(B) I 04 - 6 I
DYNAMIC BEA&NG CAPACrrY OF THE CASK SrTORAE PA

Allowable Bearing Capacity of Cax

PSHA 2,000-Yr Earthquake: Case II
Soil Properties: c

Ysurch

Foundation Properties: B'=
D,=

f=
FS
FVQ=

EQH E:-w=

fDS BASED ON INERnAL FORcEs

sk Storage Pads Inertial Forces

J100 %in X, o %inY, 100%inZ
2,200 Cohesion (psf)

0.0 Friction Angle (degrees)
80 Unit weight of soil (pcf)

100 Unit weight of surcharge (pcf)
19.2 Footing Width - ft (E-W) L' = 53.2 Length - ft (N-

2.7 Depth of Footing (ft)
27.8 Angle of load inclination from vertical (degrees)

1.1 Factor of Safety required for qaowabi.

3,716 k EQv= k
1,962 k & EQHNS= 1,962k k 2,775 kfor FH

General Bearing Capacity Equation,
tl2 y B NY sY dr jY based on Winterkorn & Fang (1975)

t = 5.14 for = 0 = 5.14 Eq 3.6 & Table 3.2

/2) = 1.00 Eq 3.6

= 0.00 Eq 3.8

S)

quit = c Nc Sc dc ic + Ysurch D, Nq Sq dq iq + 1

Nc = (Nq - 1) cot(o), bu

Nq = e'tan tan2 (itI4 + 4

Nr = 2 (Nq + 1) tan (W)

Sc = 1 + (B/L)(Nq/Nc)
sq = 1 + (B/L) tan 4

SY= 1 - 0.4 (B/L)

For D,/B 1: dq = 1 + 2 tan 0 (1 - sin 4) 2 DJB

d~f =1

For I > 0: dc = dq - (1-dq) / (Nq tan40
For ¢ =0: d, = 1 + 0.4 (DVB)

mB = (2 + B/L) /(1 + BIL)
mL = (2 + L/B) / (1 + L/B)

If EQH N-S > 0: 0, = tan"(EQH E-W / EQH N .s)

Mn = mL cos20n + mE sin 20,

iq = { 1 - FH/ [(F, + EQV) + B' L' c cotol }"

iY = ( 1 - FH / [(FV + EQY) + B' L' c cot l] In"

For =0: i = 1 - (m FH/B'L'c Njc)

1.07

1.00

0.86

Table 3.2
,.

= 1.00

= 1.00

= N/A
= 1.06

= 1.68

= 1.32

- 0.79

= 1.50

- 1.00

= 0.00

= 0.64

Nq term

+ 271

Eq 3.26
,,

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.14a

Eq 3.17a

Eq 3.16a

N. term

+ 0Gros;s quht = 8,459 psf =

q81,= 7,690 psf = qU1t J FS

J, term

8,188

qactual =

FSactual =

3,630 psf = (F, + EQJ) / (B' x L')

2.33 = quf / qactual > 1.1 Hence OK

fgeot]jO5996\calc\brng-cap\Pad\cuphi.xis
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DYNAmIc BEARIG CAPAcITy OF THEK CASK SwrORA PADS BASED ON INERmAI FORCES

Case EMl: 40% N-S, -1 00% Vertical, 40% E-W

Determine forces and moments due to earthquake.

av Wp WC

EQv- 1 -00% x 0. 533 x (864 K + 2,852 K) = 1,981 K

a" WC

EQhp =0.528 x 864 K = 456 K

Normal force at base of the cask = Cask DL =2.852 K

- Cask EQvc=-1.xO0.533 x2,852 K= - 1, 520 K =av xWc

=: Nc = 1,332 K

~.Fr:,g,.o. = 0.8 x 1,332 K= 1,066 K

aH WC Nc

Eghc = Minimum of 10.528 x 2,852 K & 0.8 x 1 ,332KJ
1,506 K 1,066K

Note: Use only 40% of the horizontal earthquake forces in this case.

40% of 1,506 K = 602 K, which is < FEQ .po.8; therefore, EQhc = 1,506 K

40% of [Eghp EQhcI

~EQH N-S=0.4 x1456 K+ 1,506 K = 785 K

Since horizontal components are the same for this case, EQH E-W= EQH N-S

F11I = VEQ2I-IEW +EQ 2 HN-S = N7852 +785 2 = 1,110(K

Determine moments acting on pad due to casks.

See Figure 6 for identification of Ab,. Note: EQvc = 0.533 x 2,852 K = 1,520 K

Ab E-W = 9.83'xEQhc _ 9.83'xO.4xl,506K = 4.4 ft
Wc + EQvc -2,852 K- 1. 0. 533 x2,852 K

40% aH Wp 40% EQhc Ab WC EQvc

flIMN-S =1.5' x 0.4 x 0.528 x 864 K + 0.4 x 3' x 1,506 K + 4.45 x (2,852K - 1,520 K)

-274 ft-K + 1,807 ft-K + 5,927 ft-K = 8,008 ft-K

The horizontal forces are the same N-S and E-W for this case; therefore,

F-MOE-W = Y-M@N-S = 8,008 ft-K

Determine qwowbifor FS = 1.1.I
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DY&AC BEARING CAPACnY OF THE CASK STORAGE PA

Allowable Bearing Capacity of Ca

PSHA 2,000-Yr Earthquake: Case Il
Soil Properties: c =

4=

Ysurch

Foundation Properties: B' =

Df
Of=

FS=

Fv=

EQH E-W =

LDS BASED ON DIvERAL FORCES

sk Storage Pads Inertial Forces

A 40%in X, -100 %inY, 40%inZ
2,200 Cohesion (psf)

0.0 Friction Angle (degrees)
80 Unit weight of soil (pcf)

100 Unit weight of surcharge (pcf)
20.8 Footing Width - ft (E-W) L' = 54.8 Length - ft (N-'
2.7 Depth of Footing (ft)

24.3 Angle of load inclination from vertical (degrees)
1.1 Factor of Safety required for qaiiowabW.

3,716 k EQv = -1,981 k
785 k & EQHN-S = 785 k 1,110 kforFH

General Bearing Capacity Equation,
1/2 -y B NY rY d. r based on Winterkorn & Fang (1975)

t = 5.14 for 0 = 0 5.14 Eq 3.6 & Table 3.2
i/2) = 1.00 Eq 3.6

= 0.00 Eq 3.8

S)

quit = c Ne SC dc ic +Ysurch Df Nq Sq dq iq + 1

Nc = (Nq - 1) cot(4), bu

Nq = ex tano tan2 (ni4 + c

NY= 2 (Nq + 1) tan (4)

SC = 1 + (B/L)(Nq/Nc)
Sq = 1 + (B/L) tan '

S. = 1 - 0.4 (B/L)

For D/B < 1: dq = 1 + 2 tan 4 (1 - sin 0)2 D,/B

dr= 1

For 4 > 0: dc = dq - (1-dq) / (Nq tan 4)
For 4 = 0: d, = 1 + 0.4 (DJB)

mB = (2 + B/L) / (1 + B/L)

mL = (2 + UB) / (1 + UB)

If EQH N-S > 0 O3 = tan' (EQH E-W/ EQH N.S)

Mn = mL CoOS 8 + mB sin 2N

iq= { 1 - FH/ [(FV + EQV) + B' L' c cot )}m

i.I = { - FH/ J(FV + EQV) + B' L' c cot 4] }m+.

For 0=0:i,= 1 -(mFHIB'L'cNc)

N. term
Grossqt 1t= 11,394 psf= 11,123

qaj, = 10,350 psf = quit ! FS

1.07

1.00

0.85

Table 3.2

=. 1.00

- 1.00

= N/A

= 1.05

= 1.68

= 1.32

= 0.79

= 1.50

= 1.00

= 0.00

= 0.87

Nq term

+ 271

Eq 3.26
.1

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.14a

Eq 3.17a

Eq 3.16a

Nr term

+ 0

qactual =

FSactual =

1,525 psf = (Fv + EQV) J (B' x L')

7.47 = qU1 / qactuai > 1.1 Hence OK

[geot]jO5996\calc\bmg-cap\Pad\cu-phi.xls
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DYNANC BEARMG CAPAcIy OFpnE CASK SwoRPE PADS BASED ONV INERnTIL FoRc&S

Case UmR: 40% N-S, -40% Vertical, 100% E-W

Determineforces and moments due to earthquake.

av Wp Wc

EQv = -40% X 0.533 X (864 K + 2,852 K) = -792 K

Normal force at base of the cask = Cask DL = 2,852 K

- 40% of Cask EQvc = -0.4 x 0.533 x 2,852 K = - 608 K = 40% of av x Wc

=> Nc = 2,244 K

= FEQ9=08=0.8X2 ,2 2 4K= 1,795K

aHi We NC

EQhc = Min of [0.528 x 2,852 K & 0.8 x 2,244 K] =, EQhc = 1,506 K, since it is < FESgvo.8
1,506 K 1,795K

Using 40% of N-S: 40% of IEQhP EQhcI
* EQH N-S = 0.4 x 1456 K + 1,506 K] = 785 K

Using 100% of E-W: 100% of 1EQhP EQhcI

> EQH E-W = 1.0 X [456 K + 1,506 KV 1,962 K

= F = EQ2HE.W+EQ 2 HN.S = 1,9622 +7852 = 2,113K

Determtne moments acting on pad due to casks.

See Figure 6 for identification of Ab. Note: EQvc = 0.533 x 2,852 K = 1,520 K

AbE-W = 9.83'xEQhc 9.83'x1.0x1,506K -6.60 ft
WC + EQvc 2,852 K - 0.4 x 0,533 x 2,852 K

100% aH Wp 100% EQhc Ab Wc 40% Egvc

XMON-S = 1.5' x 0.528 x 864 K + 3' x 1,506 K + 6.60' x (2,852K - 0.4 x 1,520 K)

= 684 ft-K + 4,518 ft-K + 14,810 ft-K = 20,012 ft-K

Ab = 9,83'x40% EQhc 9.83'xO.4x1,506K 2.64 ft
N-S WC + EQvc 2,852 K - 0.4 X0.533 x 2,852 K

40% aH WP 40% EQhc Ab WC 40% EQvc

£M@E W = 1.5' x 0.4X0.528 x 864 K + 3 x 0.4x1,506 K + 2.64 x (2,852K - 0.4x1,520 K)

= 274 ft-K + 1,807 ft-K + 5,924 ft-K = 8,005 ft-K

Determine qciuo<.iefor ES = 1. 1.
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DANAc BEARING CAPAcrry OF 7vE CASK STORAGE PA

Allowable Bearing Capacity of Ca

PSHA 2,000-Yr Earthquake: Case Im
Soil Properties: C

Ysurch =

Foundation Properties: B' =

Di
Of=

FS
Fv=

EQH EW=

DS BSED XoNlIRmL FoRcEs

sk Storage Pads Inertial Forces

B || 40 %in X, -4O%inY, 100%inZ|
2,200 Cohesion (psf)

0.0 Friction Angle (degrees)
80 Unit weight of soil (pcf)

100 Unit weight of surcharge (pcf)
16.3 Footing Width - ft (E-W) L' = 58.5 Length - ft (N-<
2.7 Depth of Footing (ft)

33.9 Angle of load inclination from vertical (degrees)
1.1 Factor of Safety required for qatowable.

3,716 k EQv = -792 k

1,962 k & EQHN.s= 785k -k 2,113 kforFH

General Bearing Capacity Equation,
112y B NY Sy d,. 1Y based on Winterkorn & Fang (1975)

t = 5.14 for =0 5.14 Eq 3.6 & Table 3.2

p/2) = 1.00 Eq 3.6

= 0.00 Eq 3.8

S)

qun = c Nc sc dc ic + Ysurch D Nq Sq dq iq + 1

Ne = (Nq - 1) cot(o), bu

Ng = ex an tan2(7c/4 +

NY= 2 (Ng + 1) tan (,)

SC = 1 + (B/L)(Nq/Nc)
sq = 1 + (B/L) tan 1
SY = 1 - 0.4 (6/L)

For Di/B < 1: dq = 1 + 2 tan 4 (1 - sin ,)2 Dj/B

dr = 1

For 0 > 0: dc = dq - (1-dq) / (Nq tan 40
For iQ = 0: dc =1 + 0.4 (D,/B)

mB = (2 + B/L) (1 + B/L)

mL = (2 + L/B) (1 + UB)

If EQH N-S > 0: 9n = tan" (EQH E*W / EQH N-S)

Mn = m, cos2e0, + mB sin 2O

iq = (1 - FHI [(FY + EQV) + B' L' c cot J])

Lf= { 1 - FH / [(FV + EQ.) + B' L' C cot 4] }m+'

For= 0: i,= 1 - (m FH/ BL' c N0)

1.05

1.00

0.89

Table 3.2

= 1.00
= 1.00

- N/A
= 1.07

= 1.68

= 1.32

= 1.19

= 1.63

= 1.00

= 0.00

= 0.68

Nq term

+ 271

Eq 3.26

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.14a

Eq 3.17a

Eq 3.16a

NY term

+ 0

N, term

8,655Gross q,11 =

qaII =

8,926 psf =

8,110 psf = q.1t I FS

qactusl i 3,062 psf.= (F. + EQJ) / (B' x L')

FSactual = 2.92 = qCutI qactuat > 1.1 Hence OK

(geot]jO5996\calc\brng-capNPad\cu phi.xIs
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Df)YAh9C BEARING CAPACI7YOF 77{E CASK STORAGE PADS BASED ON INERTIAL FORCES

Case JZiC: 1 00% N-S, -40% Verticcal, 40% E-W

Determine forces and moments due to earthquake.
av Wp WC

EQv = -40% x 0.533 x (864 K + 2,852 K) = -792 K

Normal force at base of the cask = Cask DL = 2,852 K

- 40% of Cask EQvc = -0.4 x0.533 x2,852 K = - 608 K =40% of av xWc

=* Nc = 2,244 K

=> F~ ~. 0.8 x 2.224 K = 1, 795 K

aii Wec Nc
EQhc = Min of [0.528 x 2,852 K & 0.8 x 2,244 KI Eghc =1,506 K. since it is <FegQo.8

1,506 K 1,795K

Using 100% of N-S:

100% of [EQhp EQhcI

=> EQIIN-S,= 1.0x[1456 K +1,506 K] =1,962 K

Using 40% of E-W:

40%/ of IEghp EQhc]

=> EQH E-W=0.4 X 456 K 1,506 K) =785 K

=>. F. =E EH>+EQ 2 HN-S = 7852 + 1,9622 = 2,113 K

Determine moments acting on pad due to casks

See Figure 6 for identification of Ab. Note: EQvc =0.533 x 2,852 K =1,520 K

_9.83'x 40% EQhc 9.83'x 0.4 x 1,506 K

AEW- Wc + EQvc 2,852 K -04x0.533 x2852 K 2.4f

40% aH Wp 40% EQhc Ab WC 40% Egvc

YMNS= 1.5' x 0.4X0.528 x 864 K + 3 x 0.4xl,506 K + 2.64' x (2,852K - 0.4x1,520 K)

-274 ft-K + 1,807 ft-K -i 5,924 ft-K =8,005 ft-K

AbN =9.83'xEghc 9.83'x 1.0 x1,506 K -6.60 ft

N Wc + EQvc 2,852 K -0.4 x0. 533 x 2,852 K

1 00% an Wp 100% EQhc Ab WC 40% EQvc

Y-MaE-w =1.5 x 0.528 x 864 K + 3 x 1,506 K + 6.60' x (2,852K - 0.4 x 1,520 K)

-684 ft-K + 4,518 ft-K + 14,810 ft-K =20,012 ft-K

Determine qwiio,,,,,Nejor ES = 1. 1.
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DYNAC BEACR;NG CAPACITY OFTHE CASK STORAGE PA

Allowable Bearing Capacity of Ca:

PSHA 2,000-Yr Earthquake: Case II
Soil Properties: C =

Y=
Ysu:ch =

Foundation Properties: B' =

Df=
1=

FS =

Fv =

EQH E-W=

DS BASED ON LvERizAL FbRCES

sk Storage Pads Inertial Forces

c r in X, -4 0 %in Y, 40 %in Z I
2,200 Cohesion (psf)

0.0 Friction Angle (degrees)
80 Unit weight of soil (pcf)

100 Unit weight of surcharge (pcf)
24.5 Footing Width - ft (E-W) L' = 50.3 Length - ft (N-'

2.7 Depth of Footing (ft)
15.0 Angle of load inclination from vertical (degrees)

1.1 Factor of Safety required for qm,,,,bI.

3,716 k EQv = -792 k

785 k & EQHNS= 1,962 k 2,113 kforFH

General Bearing Capacity Equation,
/2 yB NY SY d IT based on Winterkorn & Fang (1975)

t = 5.14 for =0 = 5.14 Eq 3.6 & Table 3.2
/2) = 1.00 Eq 3.6

= 0.00 Eq 3.8

S)

qut = c Ne Se d0 ic + Ysurch Df Nq Sq dq iq + t

Nc = (Nq - 1) cot(o), bu

Nq = e' tano tan2 (i/4 + 4

NY = 2 (Nq + 1) tan (4)

se = 1 + (B/L)(Nq/Nc)
SI = 1 + (B/L) tan 4
sY= 1 - 0.4 (B/L)

For D,IB < 1: dq =1 + 2 tan 4 (1 - sin 0)
2 D1/B

dY =1

For 4 > 0: de = dq - (1 -dq) / (Nq tan 4)
For 4 = 0: d0 = 1 + 0.4 (D,/B)

MB = (2 + B/L) / (1 + B/L)

ML= (2 + L/B) / (1 + L1B)

If EQH N-S > a: On = tan (EQH E-W/ EQH N-S)

M, = mL COS20, + mB sin29n

iq = (1 - FH/ [(FV + EQ,) + B' L' c cotb] 4m

i1=(1 -FH/[(Fv*EQv)+B' L ccot4}}

For= 0: ic = 1 -(m FH/ B'L'cN

1.09

1.00

0.81

Table 3.2
..

.,

= 1.00

= 1.00

= N/A

t1.04

- 1.68

- 1.32

= 0.38

= 1.37

- 1.00

= 0.00

= 0.79

Nq term

+ 271

Eq 3.26

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.14a

Eq 3.17a

Eq 3.16a

NY term

+ 0

Nr term

10,247Gross qutt = 10,518 psf =

q8ll = 9,560 psf = qt / FS

qactual = 2,369 psf = (F, + EQv) I (B' x L')

FSactual = 4.44 = qwt I qactual > 1.1 Hence OK

(geot]jO5996\calc\brngcap\Pad'cu-phi.xis
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DYNAMC BEAWiNC CAPACnrY OF 7HE CASK STORAGE PALDS BASED ON INER4L. FORCES

Case IVA: 40% N-S, 1 00% Vertical, 40% E--W

Determine forces and moments due to earthquake.

av Wp WC

EQv =100%xO0.533 x(864 K +2,852 IQ= 1.981 K

aH WC

EQhp = 0.528 x 864 K = 456 K

Normal force at base of the cask = Cask DL =2,852 K

+ Cask EQvc = 1.xO0.533 x2,852 K =+ 1,520 K =av xWe

=* Nc = 3,498 K

F~g-O.= 0.8 x4,372 K =3.498 K

aH WC Nc

EQhc = Min of [0. 528 x 2,852 K & 0.8 x 4,372 K(1 = EQhc =1, 506 K. since it is < FEQ p=o.8
1,506 K 3,498K

40% of IEQhp EQhcJ

EQiN-S = 0.4 x 456 K+ 1,506 K)J=785 K

Since horizontal components are the same for this case. EQH E-w =EQi N-s

=> FH ; QH> E 2 NS 7852 + 7852~ 1,1I10 K

Determine moments acting on pad due to casks.

See Figure 6 for identification of Ab. Note: EQvc = 0.533 x 2,852 K = 1,520 K

Ab 6-w 9.83'xEQhc - 9.83'x0.4x1,506K K= 1.35 ft
Wc + EQvc 2,852 K + 1. x0. 533 x 2,852K

40% ani Wp 40% EQhc A~b WC EQvc

YM*N.s= 1.5' x 0.4 x 0.528 x 864 K + 0.4 x 3 x 1,506 K + 1.35'x (2,852K + 1,520 K)

-274 ft-K + 1,807 ft-K + 5,921 ft-K = 8,002 ft-K

IThe horizontal forces are the same N-S and E-W for this case; therefore,

ZM~E-W= XM@Ni-s = 8,002 ft-K

Determine qatIomble for FS = 1. 1.
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CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. DIVISION & GROUP I CALCULATION NO. OPTIONAL TASK CODE PAGE 41
05996.02 G(B) 04 - 6

DYNAMJC BEARING CAPAC=T OF1TE CASK STORAGE PA

Allowable Bearing Capacity of Ca

PSHA 2,000-Yr Earthquake: Case WMi
Soil Properties: C =

Ysurch

Foundation Properties: B'=
Di=

FS=

Fv=

EQH E-W=

LDS BASED ON INERTIAL FORCES

sk Storage Pads Inertial Forces
A | 40%in X, 100 %inY 40Y%inZ
2,200 Cohesion (psf)

0.0 Friction Angle (degrees)
80 Unit weight of soil (pcf)

100 Unit weight of surcharge (pcf)
27.2 Footing Width - ft (E-W) L = 61.2 Length - ft (N-l
2.7 Depth of Footing (ft)
7.8 Angle of load inclination from vertical (degrees)
1.1 Factor of Safety required for qai'owa~e.

3,716 k EQ= 1,981 k
785 k & EQHN.S= 785k k 1,110 kfor FH

General Bearing Capacity Equation,
/2 ryB Nr SY dr 1  based on Winterkorn & Fang (1975)

t=5.14for4,= = 5.14 Eq3.6&Table3.2
/2) 1.00 Eq 3.6

- 0.00 Eq 3.8

S)

quit = c Nc Sc dc iC + Ysurch Df Nq Sq dq iq + 1

Nc = (Nq - 1) cot(4), bu

Nq = ex 1`0 tan2 (7TI4 + ,

NY= 2 (Nq + 1) tan (4)

Sc = 1 + (B/L)(Nq/Nc)
sq = 1 + (B/L) tan 4

sY = 1 - 0.4 (B/L)

For D/B < 1: dq = 1 + 2 tan 4 (1 - sin 4)2 DI/B

dr= 1

For 4 > 0: d. = dq - (1-d,) / (Nq tan ,)

For 4 = 0: d, = 1 + 0.4 (D1/B)

1.09
1.00

0.82

Table 3.2
.,

..

ms=

mL =

If EGH N-S > 0: On =

mn =

iq =

For 4 = 0: i =

(2 + BIL) /(1 + B/L)

(2 + UB) / (1 + UB)

tan (EQH E-W / EQH N-S)

mL cos2 0, + mB sin2
e,

{ 1 -FH / [(F, + EQ,) + B'L'c cot 01 }m

( 1 - FH / [(FV + EQV) + B' L' C cot 41 )m+1

1 -(mFH/B'L'cNc)

- 1.00

= 1.00

= N/A

- 1.04

- 1.68

= 1.32

- 0.79

- 1.50

- 1.00

_ 0.00

- 0.91

Nq term

+ 271

Eq 3.26
..

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.14a

Eq 3.17a

Eq 3.16a

Nr term

+ 0Gros s qult= 11,915 psf =

qati = 10,830 psf = quit / FS

10 term

11,645

qactuai = 3,424 psf = (F1 + EQV) / (B' x L')

FSactual = 3.48 = quit I qactual > 1.1 Hence OK

[geot~jO5996\calc~brng-cap\Pad\cu-phi.xis
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DYmAMwc BEARIG CAPAcry OF THE CASK STORAGE PADS BASED ON INERnAL FORCES

Case 1V: 40% N-S, 40% Vertical, 100% E-W

Determineforces and moments due to earthquake.

av Wp Wc

EQv = 0.4 x 0.533 x (864 K + 2,852 K) = 792 K

Nonnal force at base of the cask = Cask DL = 2,852 K

+ 40% of Cask EQvc = +0.4 x 0.533 x 2,852 K = + 608 K = 40% of av x Wc
r Nc = 3,460 K

> FEg p=0.8 = 0.8 x 3,460 K = 2,768 K

aH Wc A Nc

Eghc = Min of [0.528 x 2,852 K & 0.8 x 3,460 K] =* EQhc = 1,506 K, since it is < FEgp=o.8

1,506 K 2,768K

Using 40% of N-S:

40% of IEQhp EQhc]

= EH N-S = 0.4 x [456 K + 1,506 K= 785 K

Using 100% of E-W:

100% of IEQhp EQhcl

=> EQH E-W = 1.0 x [456 K + 1,506 Kl= 1,962 K

w FH = = 41,9622 + 7852 = 2,113 K

Determine moments acting on pad due to casks

See Figure 6 for identification of Ab. Note: Egvc = 0.533 x 2,852 K = 1,520 K

Ab = 9.83'xEQhc 9.83'x1.0x1,506K - 4.28 ft
Wc + EQvc 2,852K+0.4x0.533x2,852 K

100% aH Wp 100% EQhc Ab WC 40% E9vc

IM@N-S = 1.5' X 0.528 x 864 K + 3' x 1,506 K + 4.28' x (2,852K + 0.4 x 1,520 K)

= 684 ft-K + 4,518 ft-K + 14,810 ft-K= 20,012 ft-K

Ab = 9.83'x 40% Eghc 9.83'x0.4x1,506K = 1.71 ft
N-S Wc + EQvc 2,852 K +0.4x 0.533 x2,852 K

40% aH WP 40% EQhc Ab WC 40% Egvc

Y-M@E-W = 1.5' x 0.4x0.528 x 864 K + 3' x 0.4x1,506 K + 1.71' x (2,852K + 0.4x1,520 K)

= 274 ft-K + 1.807 ft-K + 5,917 ft-K = 7,998 ft-K

Determine qwiv,,i,iefor FS = 1.1.
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CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE

05996.02 G(B) | 04 - 6

DYNAMIC BEAR1G CAPACIJY OF THE CASK SToRcAE PA

Allowable Bearing Capacity of Ca
PSHA 2,000-Yr Earthquake: Case MVI
Soil Properties: c =

Ysurch
Foundation Properties: B'=

D3=

FS =

Fv=

EQH E-W

quit = c Ne se dc le + Ysurch Df Nq sq dq iq + 1

Ne = (Nq -1) cot(o), bul

Nq = e' lano tan2(7t/4 + 4)

Ny=2(Nq+1) tan(0)

DS B3sEm oN INaRIL FORCEs

sk Storage Pads Inertial Forces

B || 40 %JIinX, 40OinY, 100 %inZ
2,200 Cohesion (psf)

0.0 Friction Angle (degrees)
80 Unit weight of soil (pcf)

100 Unit weight of surcharge (pcf)
21.1 Footing Width - ft (E-W) L' = 60.5 Length - ft (N-
2.7 Depth of Footing (ft)

23.5 Angle of load inclination from vertical (degrees)
1.1 Factor of Safety required for qdt1wabb

3,716 k EQv = 792 k
1,962 k & EQHN.S= 785k k 2,113 kfor FH

General Bearing Capacity Equation,
1/2 Y B NYr sy dr l based on Winterkorn & Fang (1975)

t = 5.14 for = 0 = 5.14 Eq 3.6 & Table 3.2

/2) = 1.00 Eq 3.6

= 0.00 Eq 3.8

S)

SC = 1 + (B/L)(Nq/Nc)
Sq = 1 + (B/L) tan 4
s,. = 1 - 0.4 (B/L)

For D/B < 1: dq = 1 + 2 tan + (1 - sin p)2 Di/B

dy= I

For 0 > 0: de = dq - (1-d 0 ) / (Nq tan O

For 0 = 0: de = I + 0.4 (D0/B)

M8 = (2 + B/L) / (1 + BAL)

mL = (2 + L/B) / (1 + L/B)

If EQH N-S > 0: 8n = tan (E0 8 E-w EQH N.S)

Mn = mL cos20, + mB sin26B

iq = { 1 - FH/ [(FV + EQV) + B' L c cot ] }m

ij = { 1 - FH I (FV + EQ) + B' L' c cot f] m+l

For 40: i0 = 1 -(mF H /B'L'cNc)

1.07

1.00

0.86

Table 3.2

= 1.00

- 1.00

- N/A

- 1.05

= 1.68

- 1.32

- 1.19

= 1.63

= 1.00

- 0.00

= 0.76

Nq term

+ 271

Eq 3.26
..

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.14a

Eq 3.17a

Eq 3.16a

Nr term

+ OGross quit = 9,937 psf =

qaj, = 9,030 psf = quit / FS

4, term

9,666

qactual =

FSactual =

3,530 psf = (F, + EQO) I (B' x L')

2.81 = qu,1 I qactual > 1.1 Hence OK

IgeotljO5996\caIc\brng-cap\Pad\cu-phi.xIs
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CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. I DIVISION & GROUP CALCULATION NO. I OPTIONAL TASK CODE PAGE 44
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DYNAhRC BEAPIG CAPACry OFp TfE CASK STORAGE PADS BASED ON INERMLL F'ORCES

Case IVC: 100% N-S, 40% Vertical, 40% E-W

Determineforces and moments due to earthquake.

av Wp wc

EQv. = 0.4 x 0.533 x (864 K + 2,852 K) = 792 K

Normnal force at base of the cask = Cask DL = 2,852 K

+ 40% of Cask EQvc = -0.4 x 0.533 x 2,852 K = + 608K = 40% of av x Wc

=> Nc = 3.460 K

=> FEg,=o.8=0.8x3,460K=2,768K

aH Wc u Nc

EQhc = Min of 10.528 x 2,852 K & 0.8 x 3,460 K1 =) EQhc = 1,506 K, since it is < FEQ9 P .8

1,506 K 2,768 K

Using 100% of N-S:

100% of [EQhp EQhcJ
= EQH N.S = 1.0 x [456 K + 1,506 Kl 1,962 K

Using 40% of E-W:

40% of [EQhp EQhc]

. EQHEW =0.4x 1456 K + 1,506 K1= 785 K

= FH = EQ
2 H E-W + EQ 2 FlN-S = V7852 + 1,9622 = 2,113 K

Determine moments acting on pad due to casks

See Figure 6 for identification of Ab. Note: EQvc = 0.533 x 2,852 K = 1,520 K

Ab EW =9.83'x40%EQhc 9.83'x0.4x1,506K = 1.71 ft
WC + EQvc 2,852 K + 0.4 x 0.533 x2,852 K

40% aH Wp 40% EQhc Ab Wc 40% EQvc

1M@N-S = 1.5' x 0.4x0.528 x 864 K + 3' x 0.4x1,506 K + 1.71' x (2,852K + 0.4x1,520 K)

= 274 ft-K + 1,807 ft-K + 5,917 ft-K = 7,998 ft-K

Ab 9.83'xEQhc 9.83'xl .0 x 1,506 K 4.28 ft

N-S Wc + EQvc 2,852 K + 0.4 x0.533 x2,852 K

100% aH Wp 100% EQhc Ab Wc 40% EQvc

£M@E-W = 1.5' x 0.528 x 864 K + 3' x 1,506 K + 4.28' x (2,852K + 0.4 x 1,520 K)

= 684 ft-K + 4,518 ft-K + 14,808 ft-K = 20.010 ft-K

Determine qa1lowxblefor FS = 1.1.
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CALCULATION IDENTIFICATION NUMBER - _

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE 45
05996.02 G(B) 04 - 6

DYNAmIC B&ARDVG CAPACrIT OF THE CASK STORAGE PA

Allowable Bearing Capacity of Ca~

PSHA 2,000-Yr Earthquake: Case IV4
Soil Properties: c

Ysurch=

Foundation Properties: B' =
D1

3=
FS=
F =

EQ;H E-W=

Ds BASED ON NElRflAL FORCES

sk Storage Pads Inertial Forces

C |1oo %inX, 4 0 %inY, 40%inZ
2,200 Cohesion (psf)

0.0 Friction Angle (degrees)
80 Unit weight of soil (pcf)

100 Unit weight of surcharge (pcf)
26.5 Footing Width - ft (E-W) L'= 55.1 Length - ft (N-'

2.7 Depth of Footing (ft)
9.9 Angle of load inclination from vertical (degrees)
1.1 Factor of Safety required for qalowable

3,716 k EQv = 792 k

785 k & EQHNS= 1,962 k - 2,113 kforFH

12y B N7 . d * General Bearing Capacity Equation,
yy yrrbased on Winterkorn & Fang (1975)

t=5.14for4=O = 5.14 Eq3.6 &Table3.2

,/2) = 1.00 Eq 3.6

= 0.00 Eq 3.8

3)

quit = c Ne Sc de ie + ysurch Dt Nq Sq dq iq + 1

Nc = (Nq - 1) cot(4), bu
Nq = en tanq tan 2(7r/4 + 4
NY= 2 (Nq+ 1) tan (4)

SC = 1 + (B/L)(Nq/Nc)

Sq = 1 + (B/L) tan 4

S 1 = - 0.4 (B/L)

For DB < 1: dq= 1 + 2 tan 4 (1 -sin 4)2 D/B

d7 =1

For ) > 0: d0 = dq - (I-dq) 1 (N. tan 4)
For 4) = 0: d 0 = 1 + 0.4 (DJB)

mB = (2 + B/L) 1(1 + BIL)

mL = (2 + LIB) 1(1 + LJB)

If EQH N-S >0: On = tan (EQH E-W / EQH N-S)

Mn = mL cos28n + me sin 2n

iq = { 1 - FH I [(FV I EQ,) + B' L' c cot4)I }m

iY = { 1 - FHI [(FV + EQV) + B' L' c cot 4] }m.1

For =0: ic= 1 - (m FH/B' L'cN,)

1.09

1.00

0.81

Table 3.2
..

= 1.00

= 1.00

= N/A

= 1.04

= 1.68

= 1.32

= 0.38

= 1.37

= 1.00

= 0.00

= 0.82

Nq term

+ 271

Eq 3.26

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.14a

Eq 3.17a

Eq 3.16a

Nr term

+ 0Gross quit =

, qaji =

N. term

10,882 psf = 10,612

9,890 psf = qu I FS

qactuai = 3,092 psf = (F, + EQJ) I (B' x L')

FSactual = 3.52 = quit I actuai > 1.1 Hence OK

[geotljO5996\calc\brng-cap\Pad\cu phi.xIs
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DYNAMC BEARiNG CAPACrnyO, THE CASK STORAGEPADS BASED ON INER27L FORCES

As indicated in Table 2.6-7, the gross allowable bearing pressure for the cask storage pads
to obtain a factor of safety of 1.1 against a shear failure from static loads plus the inertial
loads due to the design basis ground motion exceeds 7.7 ksf for all loading cases identified
above. The minimum allowable value was obtained for Load Case II, wherein 100% of the
earthquake loads act in the N-S and E-W directions and 0% acts in the vertical direction.
The actual factor of safety for this condition was 2.3, which is greater than the criterion for
dynamic bearing capacity (FS 2 1.1).

BASED ON MAYIMUM CASK DYNAMIC FoRCss FROM THE SSI ANALYSIS

The following pages determine the allowable bearing capacity for the cask storage pads
with respect to the maximum dynamic cask driving forces developed for use in the design
of the pads in Calculation 05996.02-G(PO17)-2 (CEC, 1999) for the pad supporting 2
casks, 4 casks, and 8 casks. These dynamic forces represent the maximum force
occurring at any time during the earthquake at each node in the model used to represent
the cask storage pads. It is expected that these maximum forces will not occur at the
same time for every node. These forces, therefore, represent an upper bound of the
dynamic forces that could act at the base of the pad.

The coordinate system used in these analyses is the same as that used for the analyses
discussed above, which is shown in Figure 1. Note, this is different than the coordinate
system used in Calculation 05996.02-G(PO17)-2 (CEC, 1999). which is shown on Page
B I1. Therefore, in the following pages, the X direction is N-S, the Y direction is vertical,
and the Z direction is E-W.

These maximum dynamic cask driving forces were confirmed to be less than the maximum
force that can be transmitted from the cask to the pad through friction acting at the base
of the cask for each of these load cases. This friction force was calculated based on the
upper-bound value of the coefficient of friction between the casks and the storage pad (p. =
0.8, as shown in SAR Section 8.2.1.2) x the normal force acting between the casks and the
pad. These maximum dynamic cask driving forces can be transmitted to the pad through
friction only when the inertial vertical forces act downward; therefore, these analyses are
performed only for Load Case IV. The analyses conservatively assume that 100% of the
horizontal forces act in the E-W and vertical directions at the same time. The width (30 ft)
is less in the E-W direction than the length N-S (64 ft); therefore, the E-W direction is the
critical direction with respect to a bearing capacity failure.
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DYNAMIC BENG CAPACrIY OF fHE CASK SIORAGE PADS BASFD ON M CASK DYNA)C FORCES FROM 77E SSI ANALYSIS

ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS WITH 2 CASKS
PSHA 2,000-Yr Earthquake: Case IV 100| % in X, 100 % in Y, 10 % in Z|
Soil Properties: c = 2,200 Cohesion (psf)

= 0.0 Friction Angle (degrees)
= 80 Unit weight of soil (pcf)

Y = 100 Unit weight of surcharge (pcf)
Foundation Properties: B' = 22.1 Footing Width - ft (E-W) L = 22.5 Length - ft (N-S)

D,= 2.7 Depth of Footing (ft)
P = 19.0 Angle of load inclination from vertical (degrees)

FS = 1.1 Factor of Safety required for qalowabie-

Fv = 2,647 k (includes EQv)
EQHE-W= 909 k & EQHN-S = 768 k - 1.190 kforFH

quIt = c Nc SC dc ic + Ysurch Dt Nq sq dq iq + 1/2 y B N. Sr d. iY

N0 = (Nq - 1) cot(o), but = 5.14 for 4 = 0
Nq = ez nta tan2r(/4 + 4/2)
Nr= 2 (Nq + 1) tan (4)

General Bearing Capacity Equation,
based on Winterkorn & Fang (1975)

5.14 Eq 3.6 & Table 3.2

1.00 Eq 3.6

0.00 Eq 3.8

Sc =

Sq =

*7=

1 + (B/L)(Nq/N0)
1 + (BIL) tan 4

1 - 0.4 (B/L)

1.19

1.00

0.61

Table 3.2

ForDf3B<1: dq= 1
dr= 1

+ 2 tan 4 (1 - sin +)2 D,/B

For 4 > 0: dc = dq - (1-dq) / (Nq tan4,)
For 4 = 0: d0 = 1 + 0.4 (DVB)

mB = (2 + B/L) / (1 + B/L)

ML = (2 + UB) / (1 + L/B)

If EQH N-S > ° 0, = tan" (EQH E W / EQH N-S)

mn = mL cos (n + mB sinen

iq= { 1 - FH/ [(FV + EQV) + B' L' c cot4] }m

ij = { 1 - FH / [(FV + EQv) + B' L' c cotj }m"

For= 0: i = 1 - (m FH/B'L'C N)

= 1.00

= 1.00

= N/A

= 1.05

= 1.68

= 1.32

= 0.87

- 1.53

- 1.00

= 0.00

= 0.68

Nq term

+ 271

Eq 3.26

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.14a

Eq 3.17a

Eq 3.16a

Nr term

+ 0

N, term

9,554Gross q,1 , = 9,824 psf =

qa1I = 8,930 pst = quIt I FS

qactuat = 5,323 ps = (F, + EQJ) I (B' x L')

FS..tuai = 1.85 = qult/qaclual > 1.1 Hence OK

[geotliOS996\calc\bmg-cap\Padkcu-phi-xls
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DYNAMIc BEARDV& CAPACrrY OF THE CAs SToRAGE PADS BASED ON AxmMCASK DY1 c FORCES FROM e SSIAAyss

ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS WITH 4 CASKS
PSHA 2,000-Yr Earthquake: Case IV 10 % in X, 100 % in Y, 100 % in Z|
Soil Properties: c = 2,200 Cohesion (psf)

4 = 0.0 Friction Angle (degrees)

= 80 Unit weight of soil (pcf)

Ysw= 100 Unit weight of surcharge (pcf)

Foundation Properties: B' = 24.0 Footing Width - ft (E-W) U = 36.2 Length - ft (N-S)

Df= 2.7 Depth of Footing (ft)

= 16.6 Angle of load inclination from vertical (degrees)

FS = 1.1 Factor of Safety required for qajj, 30 fe.

Fv = 4,633 k (includes EQv)

EQHE-W= 1,378 k & EQHN.S= 1,265k k 1,871 kforF,

qun = C Nc Sc dc ic + Itsurch Df Nq Sq dq iq + 1/2 y B NSY S dY iy

N, = (Nq - 1) cot(4), but = 5.14 for 4 = 0

Nq = eS lano tan2(nI4 + 4,2)

N = 2(N 9 +1) tan(4)

General Bearing Capacity Equation,
based on Winterkorn & Fang (1975)

= 5.14 Eq 3.6 & Table 3.2

= 1.00 Eq 3.6

- 0.00 Eq 3.8

S, = 1 + (B/L)(Nq/N,)
sq = 1 + (B/L) tan 4
sy = 1 - 0.4 (B/L)

For D/B < 1: dq = 1 + 2 tan 4 (1 - sin f2 D,/B

dy= 1

For 4 > 0: d, = dq - (14dq) / (Nq tan 4)
For ) = 0: d, = 1 + 0.4 (D/B)

mB = (2 + B/L) / (1 + B/L)

mL = (2 + V1B) / (1 + UB)

If EQH N-S >0°: 0 = tan (EQH E-W/ EQH N S)

Mn = mL cos 2n + mB sin20n

iq= { 1 - FH /[(F, + EQ) + B'L' c cotJ }m

y= { 1 - FH /[(FV + EQ) + B' L' c cot4]}

For 0=0:i 0 = 1 -(mF H /B'L'c N)

1.13

1.00

0.73

Table 3.2

= 1.00

= 1.00

= N/A

= 1.05

= 1.68

= 1.32

= 0.83

= 1.52

= 1.00

= 0.00

= 0.71

Nq term

+ 271

Eq 3.26

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.14a

Eq 3.17a

Eq 3.16a

N term

+ 0

N, term

9,503Gross quit =

q81l =

9,773 psf =

8,880 psf = quIt I FS

qactual = 5,320 psf.= (F, + EQO) I (B' x L')

FSactual = 1.84 = quit qaclual > 1.1 Hence OK

[geot]j05996\calc\bmgcap\Pad\cu-phi.xls
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DYNArwfC BEARING CAPACflY OF THE CASK STORAGE PADS BASED ON MAIM CASK DYNAmIC FORCES FROm, THE SSI ANALISis

ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS WITH 8 CASKS
PSHA 2,000-Yr Earthquake: Case TV 100 % in X, 100 % in Y, 100 % In Z
Soil Properties: c= 2,200 Cohesion (psf)

= 0.0 Friction Angle (degrees)
80 Unit weight of soil (pcf)

Ysurch = 100 Unit weight of surcharge (pcf)
Foundation Properties: B' 23.0 Footing Width - ft (E-W) L' = 56.2 Length - ft (N-S)

D- 2.7 Depth of Footing (ft)
, = 14.8 Angle of load inclination from vertical (degrees)

FS = 1.1 Factor of Safety required for qallwable*

FV = 8,755 k (Includes EQv)
EQH E-W = 2,311 k & EQH .s = 2,247 k - 3,223 k for FH

quit.- C Ne SC dc ic 4 Ysurch Df Nq Sq dq tq + 1/2 y B NY r dr ir

Nc = (Nq - 1) cot(o), but = 5.14 for 4 = 0

Nq = eU wO tan2(7/4 + )/2)

NY= 2 (Nq + 1) tan (4)

General Bearing Capacity Equation,
based on Winterkorn & Fang (1975)

- 5.14 Eq 3.6 & Table 3.2

- 1.00 Eq 3.6

= 0.00 Eq 3.8

S* = 1 + (B/L)(NQ/Nc)

Sql =1 + (BIL) tan4)

SY= 1 - 0.4 (B/L)

For DB3 < 1: dq = 1 + 2 tan 4 (1 - sin A) 2 D,B
dY =1

For ' > 0: d, = dq - (1-d4) / (Nq tan )
For ' = 0: dc = 1 + 0.4 (DWB)

mB = (2 + B/L) (1 + B/L)

mL= (2+LUB)/(1 +LUB)

If EQH N-S > 0: On = tan- (EQH E.WI EQH N.S)

Mn = mt. cos 28 + mnr sin28,

iq = { 1 - FH/ [(FV + EQV) + B' L' C cot 41 }m

iY = { 1 - FH I [(FY + EQV) + B' L' c cot41l1

For =: i0c= 1- (m FH/B L' oN)

1.08
1.00

0.84

Table 3.2

= 1.00

= 1.00

= N/A
= 1.05

= 1.68

= 1.32

= 0.80

- 1.51

- 1.00

= 0.00

= 0.67

Nq term

+ 271

Eq 3.26
1.

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.14a

Eq 3.17a

Eq 3.16a

Nr term

+ 0Gross qutt = 8,802

qajl = 8,000

N, term

psf = 8,531

psf = quit I FS

qactual = 6,788 psf = (F, + EQv) J (B' x L')

FSactual = 1.30 = quit / qactual > 1.1 Hence OK

Egeot]jO5996\calc'brng-cap\Pad\cu phi.xis
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D8NAMC BEARNO CAPACrZY OF 17 CASK STORAGE PADS BASED ON MAixMm CASK DYNAMjC FORCES FROM THE SSI ANALYS

Table 2.6-8 presents a summary of the bearing capacity analyses that were performed
using the maximum dynamic cask driving forces developed for use in the design of the
pads in Calculation 05996.02-G(PO17)-2 (CEC, 1999) for the pad supporting 2 casks, 4
casks, and 8 casks. Details of these analyses are presented on the preceding pages. As
indicated in this table, the gross allowable bearing pressure for the cask storage pads to
obtain a factor of safety of 1.1 against a shear failure from static loads plus the very
conservative maximum dynamic cask driving forces due to the design basis ground motion
is at least 8.0 ksf for the 2-cask, .4-cask, and 8-cask loading cases. The minimum
allowable value (8.0 ksf) was obtained for the 8-cask loading. The actual factor of safety
for this case was 1.3, which is greater than the criterion for dynamic bearing capacity (FS
2 1.1).
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CONCLUSIONS

Analyses presented herein demonstrate that the cask storage pads have adequate factors
of safety against overturning, sliding, and bearing capacity failure for static and dynamic
loadings due to the design basis ground motion. The following load cases are considered:

Case I Static
Case II Static + dynamic horizontal forces due to the earthquake

Case III Static + dynamic horizontal + vertical uplift forces due to the earthquake
Case IV Static + dynamic horizontal + vertical compression forces due to the

earthquake

For Case II, 100% of the dynamic lateral forces in both X and Z directions are combined.
For Cases III and IV, the effects of the three components of the design basis ground motion
are combined in accordance with procedures described in ASCE (19861; i.e., 100% of the
dynamic loading in one direction is assumed to act at the same time that 40% of the
loading acts in the other two directions.

These results of these stability analyses are discussed in more detail in the following
sections.

OVERTURNING STABILITY OF THE CASK STORAGE PADS

Analyses presented above indicate that the factor of safety against overturning due to
dynamic loadings from the design basis ground motion is 1.66. This is greater than the
criterion of 1.1 for the factor of safety against overturning due to dynamic loadings;
therefore, the cask storage pads have an adequate factor of safety against overturning due
to loadings from the design basis ground motion.

SLIDING STABILITY OF THE CASK STORAGE PADS

The cask storage pads will be constructed on and within soil cement, as described in
Sections 2.6.1.7 and 2.6.4.11 of the SAR and as illustrated in Figure 4.2-7 of the SAR.
Analyses presented above demonstrate that, using only the passive resistance of the soil
cement above the bottom of the pads, the soil cement can be designed to provide sufficient
resistance to sliding of the pads to readily achieve the minimum required factor of safety of
1.1. Thus, embedding the pads in soil cement will greatly enhance their resistance to
sliding due to dynamic loads from the design basis ground motion. Additional analyses
are included that demonstrate that sliding will not occur along deeper surfaces within the
profile underlying the cask storage pads. First, the sliding resistance of the in situ silty
clay/clayey silt layer is addressed to demonstrate that sliding will not occur along the
interface between the bottom of the soil cement and those soils. These analyses
demonstrate that if the pads were founded directly on the silty clay/clayey silt layer, the
minimum factor of safety against sliding would be -1.7. Therefore, the cask storage pads,
embedded in soil cement, will have an adequate factor of safety against sliding.
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Adequate factors of safety against sliding due to maximum forces from the design basis
ground motion were obtained assuming that the storage pads were founded directly on the
silty clay/clayey silt layer and conservatively ignoring the passive resistance of the soil
cement that will be placed under and adjacent to the pads. In this case, much of the
shearing resistance is provided by the cohesive portion of the shear strength of the silty
clay/clayey silt layer, which is not affected by upward earthquake loads. As shown in SAR
Figures 2.6-5, Pad Emplacement Area - Foundation Profiles, a layer, composed in part of
sandy silt, underlies the clayey layer at a depth of about 10 ft below the cask storage pads.
Sandy silts oftentimes are cohesionless; therefore, to be conservative, the sliding stability
of the cask storage pads was analyzed assuming that the soils in this layer are
cohesionless, ignoring the effects of cementation that were observed on many of the split-
spoon and thin-walled tube samples obtained in the drilling programs.

Analyses were performed to address the possibility that sliding may occur along a deep
slip plane at the clayey soil/sandy soil interface as a result of the earthquake forces. To
simplify the analysis, it was assumed that cohesionless soils extend above the 10 ft depth
and, thus, the pads are founded directly on cohesionless materials. Because of the
magnitude of the peak ground accelerations (0.53g) due to the design basis ground motion
at this site, the frictional resistance available when the normal stress is reduced due to the
uplift from the inertial forces applicable for the vertical component of the design basis
ground motion is not sufficient to resist sliding. However, analyses were performed to
estimate the amount of displacement that might occur due to the design basis ground
motion for this case. These analyses, based on the method of estimating displacements of
dams and embankments during earthquakes developed by Newmark (1965), indicate that
even if these soils are cohesionless and even if they are conservatively located directly at
the base of the pads, the estimated displacements would be less than 1/2 inch. Whereas
there are no connections between the ground and these pads or between the pads and
other structures, this minor amount of displacement would not adversely affect the
performance of these structures if it did occur. Furthermore, the pads will be constructed
on and within soil cement, which will be strong enough to resist sliding of the pads using
only the passive resistance of the soil cement. This soil cement will effectively lock the
pads in their respective locations, so that they can not move relative to one another.
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ALLowABLE BEARING CAPACITY OF THE CASK STORAGE PADS

STATIC BEARING CAPACITY OF THE CASK STORAGE PADS

Analyses of bearing capacity for static loads are summarized in Table 2.6-6. As indicated
for Case IA, the factor of safety of the cask storage pad foundation is 6.3 using the
undrained strength for the cohesive soils that was measured in the UU tests (su > 2.2 ksl)
that were performed at depths of approximately 10 to 12 feet. The results for Case IB
illustrates that the factor of safety against a bearing capacity failure increases to greater
than 14 when the effective-stress strength of 0 = 30° is used. Therefore, cases result in
factors of safety against a bearing capacity failure that exceed the minimum allowable
value of 3 for static loads. The minimum gross allowable bearing capacity exceeds 4 ksf
for static loads.

DYNAMIC BEARiNG CAPACITY OF THE CASK STORAGE PADS

Analyses of bearing capacity for dynamic loads are summarized in Tables 2.6-7 and 2.6-8.
Table 2.6-7 presents the results of the bearing capacity analyses based on the inertial
forces applicable for the peak ground accelerations from the design basis ground motion.
Table 2.6-8 presents the results of the analyses based on the maximum dynamic cask
driving forces developed for use in the design of the pads in Calculation 05996.02-
G(PO17)-2 (CEC, 1999) for the pad supporting 2 casks, 4 casks, and 8 casks. These latter
dynamic forces represent the maximum force occurring at any time during the earthquake
at each node in the model used to represent the cask storage pads. It is expected that
these maximum forces will not occur at the same time for every node. These forces,
therefore, represent an upper bound of the dynamic forces that could act at the base of the
pad.

Table 2.6-7 presents the results of the dynamic bearing capacity analyses for the following
cases, which include static loads plus inertial forces due to the earthquake.

Case II 100% N-S direction, 0% Vertical direction, 100% E-W direction.

Case IIIA 40% N-S direction, -100% Vertical direction, 40% E-W direction.

Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.

Case IIIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.

Case IVA 40% N-S direction, 100% Vertical direction, 40% E-W direction.

Case VB 40% N-S direction, 40% Vertical direction, 100% E-W direction.

Case IVC 100% N-S direction, 40% Vertical direction, 40% E-W direction

As indicated in Table 2.6-7, the gross allowable bearing pressure for the cask storage pads
to obtain a factor of safety of 1.1 against a shear failure from static loads plus the inertial
loads due to the design basis ground motion exceeds 7.7 ksf for all loading cases identified
above. The minimum allowable value was obtained for Load Case II, wherein 100% of the
earthquake loads act in the N-S and E-W directions and 0% acts in the Vertical direction,
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tending to rotate the cask storage pad about the N-S axis. The actual factor of safety for
this condition was 2.3, which is greater than the criterion for dynamic bearing capacity (FS
> 1.1).

Table 2.6-8 presents a summary of the bearing capacity analyses that were performed
using the maximum dynamic cask driving forces developed for use in the design of the
pads in Calculation 05996.02-G(P017)-2 (CEC, 1999) for the pad supporting 2 casks, 4
casks, and 8 casks. As indicated in this table, the gross allowable bearing pressure for the
cask storage pads to obtain a factor of safety of 1.1 against a shear failure from static loads
plus the very conservative maximum dynamic cask driving forces due to the design basis
ground motion is at least 8 ksf for the 2-cask, 4-cask, and 8-cask loading cases. The
minimum allowable value (8.0 ksf) was obtained for the 8-cask loading. The actual factor
of safety for this case was 1.3, which is greater than the criterion for dynamic bearing
capacity (FS 2 1.1).
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LAfler adlusaiag inow leads to 0.045k 11
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Pad Eg -0424 3 24 0.i24_ 0 24 1 0.24 0.24 D.24 0.24
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Snwl LT 0.04-45 I.0 45 I 0.0-5 0 'AS D W; OJ 045 a. 04 5 O.C45 o.A45

Cask LL 1 l ,1 V J @| 7O^ IJ BE Cl.8Q O . Q 2 0_ Wao

Pad E4g G. 24 0.124 0.24 Ca 2A. 0.24 O.24 C2 C4 24 | 0.24
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W(Yi 'eirt 4.90 4.39 4.33 5.13 8.77 4.57 6.12 4.62 4.67
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TABLE 2.6-6

SUMMARY - ALLOWABLE BEARING CAPACITY OF CASK STORAGE PADS

Based on Static Loads

9

0)

Case FV EQH N-S EQH E*W N Z -B PL GROSS EFFECTIVE
EQH E-W EQH N-s qUIt qal B' L' qactuaj FSactual

k k k ft-k ft-k deg deg ksf ksf ft ft ft ft ksf

IA - Static
Undrained 3,716 0 0 0 0 0.0 0.0 13.05 4.35 0.0 0.0 30.0 64.0 1.94 6.7
Strength

.B - S.atic
Effective 3,716 0 0 0 0 0.0 0.0 28.34 9.44 0.0 0.0 30.0 64.0 1.94 14.6
Strength . :. ,:,

_ _ _- _-

8=

Y=

f3 =

L=

Dl -

Ysurch =

FS =

30

2,200

80

30

64

2.7

100

3

Effective stress friction angle (deg), c=O.

Undrained strength (psf), =0.

Unit weight of soil (pcf)

Footing width (ft)

Footing length (ft)

Depth of footing (ft)

Unit weight of surcharge (pcf)

Factor of safety for static loads.

Fv = Vertical load (Static + EQv)

EQH = Earthquake: Horizontal force. FH = EQH E.W or EQHN S

Ps = tan" [(EQH E.W) I Fv ] = Angle of load inclination from vertical (deg) as t(

L = tan" [(EQH N.S) / Fv I = Angle of load inclination from vertical (deg) as f(i

es ZM@N-S/ FV eL = £M@E.W/ Fv

B' =B-2e9  L'=L-2eL

aclua. = Fv / (B' x L')

(I)
C -

0
Z
m

Co -
Ir 0-4G

0 ,

fq O

-4 G

0:D
M

4leotl\05996\calc\brng-cap\Pad\cu-phl.xls Table 2.6-6
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FIGURE 1

FOUNDATION PLAN~ & PROFILE,

A

~A

51if S;\I* LAr

CLAKA'-( SILT

LL-~

-77

l00 -124.5 ft. as measured
in Observation Well in
Boring CTB-5 OW

Note: Plan view of pad from SWEC Drawing 059960 1 -EY-2E.
Cask details from Attachment C of Cale 05996.02-G(B)-05- 1.
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FIGURE 2

STATIC FOUNDATION LOAD / PRESSURE

-r>'TL LcA>D:

2 o 6YS (P So se5 %4K S 2. l

' . TO ,ALL OA~P= 3 tb <v,

P6dub = 3tO I(~x -S

PLAO OT e 4
0 F FOT k (

Cask weight = 356.5K based on heaviest assembly weight shown on HI-STORM TSAR
Table 3.2.1 (overpack with fully loadedMPC-32). See p C3 of Calc 05996.02-G(B)-05-1 for
copy.
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FiGuRF, 5

STANDARDIZED DISPLACEMENT FOR NoRmALizED EARTHQuAKEs
(SYMMETRICAL RESISTANCE)

.03 .05 0.1
*N

VALUES OF-
A-

I I. I - I- I I I -I I __ I _ I

0.3 0.5 . I*.3 5
MAX. RESISTANCE COEFFICENT

MAY. EARTHQUAKE ACCELERATION

From Newmark (1965)
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FIGURE 6

DETERMINATION OF MOMENTS ACTING ON PAD DUE To EARTHQUAKE
LoADs FRom CAsKs

-9- -3 =

Vertical reaction
cask.

PA << Pp; therefore,.4,0 - It's conservative to
Ignore both in YM.

of cask load acts on the pad at an offset = Ab from the centerline of the

I MC Vto find Aib.

Ab x(W 0 + EQvC) =9.83'ft xEQ.c

M. to find M

M QS=1.5 ft XEQHjp + 3ft x EQgl + Ab x(W + EQvc).

pad cask horiz cask vert

Note: Moment arm of 3 ft is used for determining moment due to cask horizontal force,
because casks are only resting on the pads - No connection exists to transmit moment to
the pad.
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NOTES OF TELEPHONE CONVERSATION JO No. 05996.01

PRIVATE FUEL STORAGE, LLC
~-/ PRIVATE FUEL STORAGE FACILITY

Date: 06-19-97
Time: 2:45 PM EDT

FROM: Stan M. Macie
Wen Tseng

SWEC-Denver 1E
(ICEC) Voice

(FAX)

Tie Line 321-7305
(510) 841-7328
(510) 841-7438

(617) 589-8473TO: Paul J. Trudeau SWEC-Boston 245/03

SUBJECT: DYNAMIC BEARING CAPACITY OF PAD

DISCUSSION:

WTseng reported that his pad design analyses are being prepared for three loading cases: 2 casks, 4

casks, and 8 casks. The dynamic loads that he is using are based on the forcing time histories he
received from Holtec. These forcing time histories were developed using a coefficient of friction

between the cask and the pad of 0.2 and 0.8, where 0.2 provides the lower bound and 0.8 provides
the upper bound loads from the cask to the pad. .. ...

indicated that the bearing pressures at the base of the pad are greatest for the 2-cask dynamic

loading case for p = 0.8 between the cask and the pad, because of eccentricity of the loading. For
this case, the vertical pressures at the 30' wide loaded end of the pad are 5.77 ksf at one corner and

3.87 ksf at the other. He reported that it is reasonable to assume this pressure decreases linearly to 0
at a distance of -32 ft; i.e., approximately half of the pad is loaded in this case. He also indicated
that the horizontal pressure at the base of the pad is 1.04 ksf at the 30' wide end of the pad that is

loaded by the 2 casks, and that this pressure decreases linearly over a distance of -40' from the

loaded end. He noted that the vertical pressures include the loadings (DL + dynamic loadings) of the
casks and the pad, but the horizontal pressures apply only to the casks. Therefore, the inertia force of
the whole pad must be added to the horizontal loads calculated based on the horizontal pressure
distribution described above

Since the table of allowable bearing pressures as a function of coefficient of friction between the
cask and the pad that is in the design criteria does not include a value for 1t = 0.8, WTseng asked

PJTrudeau to provide the allowable bearing pressure for this case.

ACTION ITEMS:
z4 A~-r-t-S

PJTrudeau to determine the dynamic allowable bearing pressure for the 2-cask loading case.

COPY TO: NTGeorges Boston 245/03

SMMacie Denver IE

[gcotJ\j05996\telcon\9706 19.doc Page 1 of I
[geot]\j05996\te1con\970619.doc Page I of I
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CALCULATION SHEET
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CAMC. NO. G(P017)2 REY. NO. 0
CHECK0 _ - DATE _______

JOB NO, IIol-oQ -
SHEET -i3 !gStotg Pd Analysis old Dcsiun

Table S -1
Maximum Vertical Dispoacmmenft and Soil Bearing Pressures

Dead Load

_ _

I_ ,=2.75kef I , =262kd I

ZK . 0.164 0.0172

q.W0.45 0.45

Notes: 1. Z - mawdmum venktal diswracemensdue to dead oad (wt. of the pad only).

2 qjw a vertical Goil bearing pressure u k, xZ, where k, = subgrade
modull a 2.75 and 2B.2 W for Iowr bound and upper-bound soft
respectlvuy, and Z are obtained from CECSAP analysI results (Am A).

International Civil Engineering Consultants, Inc.
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CALCULATION SHEET

C. NO. GP17)2 REV. NO. 0
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PRDJECT Private Fuel Sage Faclit JOB NO. IlfMJ
SUBJECT Stoage Pad Aralyah ad Desig SHEET

5.3.2 Dynamic Horiontal And Vertical Soil Pressures

Calcuations of horizontal and vertical soil pressues due to dynamic cask driving

forces resulting from earthquake motions are given in the following tables:

Table D-I(a) shows calculadon of total maximum horizontal dynamic soil reactions

in tbe X-direction (short direction of pad).

Table D-I(b) shows calculation of total maximum honzona dynamic soil reactions

in the Y-direction (long diecon of pad).

Table D-l(c) shows a summawy of total maximum horizontal dynamic soil reactions.

Table D-l(d) shows calculaton of maxcinum vertical dynamic soil beaing pressures.

International Civil Engineering Consultants, Inc.
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CALCULATION SHEET

CALC NO. G(P017)-2 P". NO. 0
-- ORIGINATOR DATE j/*fJ/Ceqj CHECED K . DATE 9 -

- PROJa.IE Ptivat Pud StorWFaclauy .J0 NM ________2

SUMJECT Ste PM AnaysiS aW Desip SAEET A

Tabie 01 (a)
Total Maxdmum Horizonta Soil Reactions in fe X Direction

Dynamic Load

Maximum soplament Xd (XI ft.)
Node - LB BE UB

Number 2 Cass 4 CaSkS B Casks 2 Casks 4 Cass Casks 2 Casks 4 Cacsk 8 Casks
1 6.106 3.738 33.63 3.25 1.974 17.72 1.673 1 .380 1029
7 6.110 3.738 33.08 3256 1.975 17.73 1.874 1.379 10.31

13 6.106 3.739 33.84 3 1 .972 17.73 1.673 1.377 t0.30
144 8.131 15.69 1B.72 4.406 8.923 17.80 2.335 5.129 10.75
150 8.130 15.69 18.72 4408 8.928 17.89 2.333 5.097 10.76
1S 8.137 15.69 15.70 4.406 8.933 17.8 2.3 5.051 10.75
287 22.78 34.77 34.90 1226 19.48 114 6.776 10.86 10.8
293 22.76 34.78 34.92 12.27 19.48 18.16 .777 10.70 10.80
299 22.78 34.78 34.91 1227 19.4! 1 8.18 6.776 10.08 10.89

Aversi 12 1 a 28.424 68431 1025 17.2 3. 5.720 10.65
K t 5518 E SS181 10 102288 102286 1742 174240 17

Sol 99;7 mg] _80 10§ 1833 6M 997 1__

Notes

1. Average * {sunMjN; xmmax. x-disp.; inodes I7.13,144,16O,156287, 299;-and N9.

2. Qxd a Kxd x Aveage = total maxdmuM houlontal-x sd reacton in Kips due to dynamkc Wodblg

3. Kxd for LB. BE. and US soils are dynamic horzontal-x sWl spring stiffnesse given below:

(YQd)LB w 4.60E+06 Win Kxd)8E - 8.52&.08 blib Kxd)US = 1.4SE07 lbfim
5.S2E+04 KIPS/t 1.02E*06 KJpSM 1.74E06 KJpsIR

4. L = ower-bound soil, BE = bes-estimate soU, UB - upperbound soid.

5. Xd am obtidned from CECSAP analysis results given In Att A.

8. The maximum nod dspacments lted may not be concwrent. However, they are assumed
to to concunfent for conservatism.

7. Node numbers are shown in figure 1.

international Clvil Engineering Consultants, Inc.
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P. 6

CALCULATION SHEET

CALC NOL G((PO7-2 REV. NO. 0

DATE __a_ _ CHECKED c : DATE
JOB NO. 110140%
SHEET A1

-... ORIGINATOR
PROJECr
SUBJECT

Privae AW Sto Faclity
Stog POd Analysis and De

Table D-1(b)
Total Ma)dmum HorizoltSl Soil Readions in the Y Direction

Dynarmic Load

I

Mgc acemnent Yd (xl e~f.
Nods L-aBI- - -

Number 2 C:s 4 i 8 Casks 2 Cafk i 4 Casks 8 Casiw 2 Casks 4 Casks a 8C
I 9.38 17.42 29.04 5.445 10.100 17.04 3.550 5,444 10.87
7 7.898 14.54 17.42 4.611 a8885 17.23 2.829 S0BS 10.80

13 9.788 14.65 20.00 5.119 9.10 17.41 3.116 5.711 10.92
144 9.472 17.51 29.08 5.563 10.240 17.07 3.58 S.602 10.71
1SO 7.748 14.68 17.40 4.60 8.984 17.24 2.889 52 10.83
156 9.M6 14.76 20.7: sms g.31 17.42 3245 5.874 10M
237 9.570 17.54 29.13 5.671 10.38C 17.06 3.767 5.734 10.7
293 7.833 14.72 17.39 4.803 9.12 17.23 3.001 5.348 10.81
299 10.000 14.89 205 9. 17.41 3.370 5880 10.93

Aveme 9. 15. 22.42 5.17 9.50 17.234 3.2 S. 10814
52428 242 2420 97176 97178 97176 165600 166600 1

474 82t 1O 7 S 923 1575 S 918 1791

Notes:

1. AveWage9"$UM(Yd)liVN; Ydmax. y-dspl.; inodes 1,7.13,144,150,15G,287,293,2; and W9.

2. Qyd = Kyd x Avefage = total maidmwn hodlzontdy sol remCion in Kips du* to dynamio ladn.

3. Kyd for LB. BE, and UB soils are dynamic hodzontal-y soil spfint stiffesses for entre pad
given bilow

(Kyd)LB = 4.31E706 IA (Kyd)SE L10E+06 In
5.24.E+04 KVpsM 9.72.E+04 KIpOsft

(Kyd)UB 1.3$E*07 biln
1.68E+0S KWf

4. LB = lower-bound soil, SE a best-estimat soil, US - upper-bound soo.

5. Yd am obtained from CECSAP analys resultis given in Att. A.

S.. The maximum nodal displacement listed may not be concurYeAl. However, they ar assumed to be
conCurrunt for coQfesvatism.

7. Nods natnbers are shown in Figure 1.

international Civil Engineeing Consultants, Inc.
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PAGE ¶31

CALCULATION SHEET

ttRIGMTOR
PROJECT
SUBJECT

Privao Fuel Storg e Faculty

cQ NO. (017)-2 REV. NO. 0
DATM _ /4 _ CHECKED DATE

JOB NO. 11t14t
SHEET a ftor Pad Analysa and Dmi-

- -

Table D-1(c)
Summary of Total Maxdmm Horizornal Soil Reactions

DynaMic Load

Max $WI Reaction Mps)
Lo BE -- Lis

2 CUM 4 CM0 I a cis" 2 C"ks. 4 CUM 3 CaSkS 2 CaSkS 4 Casks a cAlsks
r&d'-- 9971 1 I an - -10 - - J
r(5;u-! $201 11 501 M 1875 640 1179

£6-U>

N -S

NOteS:

1. QXd and CQyg In Kipsm caebCa:std In Tablea D-1(a) and (b), mspedivy.

2. LB = lowvr-bound soil, BE - best-etirnate sol, U8 - upe-bound soi l.

Internattonal Civil Engineering Consultants, Inc.
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P. 8

\-,/ ORIMNATOR _, ,,
- PROJECT PrvatC Fud Stoag Flaity

StISJECT Stompe Pad Analysis sad DC

CALCULATION SHEET

CALCQ NO. G(P017)-2 REV. NO. 0
DATE_ g / CHECK0 DAMT E- 2

J0B NO I 101000
sip SHEET _a

Table 0-1(d)
Maimum Verteal $S Beanng Pesurs

Dynamic Load

Me Zd (rv t.)
Node LB BE us

Number 2 Casks 4 Casks 8 Casks 2 01 4 Casks 8 Casks 2 Cask 4 Casks 8 Cask
I 8.046 1158 -30.77 . 799 -50.25 1.945 5.5&-33
7 6.421 9.074 -2991 3.341 5.761 -24.81 1.9" 3.723 -20.4

13 0.709 14.73 47.10 4 .85 10.63 -27.68 2.379 G.73 -21.03
144 -12.78 -24.37 -30.3 O9.079 -22.41 -29.58 -5.715 -15.900 -23.99
ISO 4.301 -12.57 -16.70 -5i213 -1Z41 .1.86 -4.55 -10.480 -12.29
156 -10.13 -25.14 -2.3 .. 8" --13.95 -29.82 -3.i -111.1180 -19.07
287 -20.50 -36.51 4921 -23.? -27.08 -2.68 -18.900 -16.760 -14.97
293 -21,77 -3.04 61.38 .17.39 -22.58 -21.3 -14.010 -14.W0 -15.10
299 -26.01 -37.77 -4. -29.A -22A1 .2S.5 -15430 -16-.40 -16.84

I O.00 0.01 -1 0.00 0.00 -3.O 0. 00 Q .0
7 0.00 0.01 -1.18 0.K0 0.00 -1.73 0. 0.00 -242

12 0.0 0.00 -1.83 0.0 0.00 -1.94 0.00 0.0 -7
1144 -0.50 -0.95 -11.19 044 -1,57 -2.03 -0.87 1.87 25
1I0 -0.25 -0.49 -0.85 -0.37 -0.87 -1.11 -0. -1.23 -1.4
156 -0.389 -0.9 -0.8 .0.41 -0.9 -2.09 -0_45, 1.31 -2.24
287 .1.3 1.3T8 --270 -16 -1.00 -1.80 -2.221 -1. .7
293 -0.85 -1 .25 -1 -1.59 -1.6 0 -1.64 1.7 -1.
2 -1.01 -1.47 -2.13 -29 -1 .5 -1.87 -1.81 -1.9 -1.9

Notes:

1. q,, = maimum soil besaing pmsaure -(Kzd xZdyA wheiw Au -4 x 36' 1920 fit.

2. 1z4 for LB, BE, ad US soils are vetcal-z dyMMIC Soi qxn sr nesses-iven below.

* (kzd)LB - 8.23E06 Orbin

7.48.E+04 Kpifl

(Kzd)B3 = 1,12E07 Ihfin
1.35.E+05 taps*

(Kzd)U = .88E"07 ft/n

2.25.E+05 KlPEt

3. LB - tower-bound soil, BE = best-estimate soil, US = upper-bund soil.

4. Zd are obtained frm CECSAP aaiysis resuts given in AtL A.

5. Negativ* displacnerst; Imply downward movernents.
8. The mwdmum Zd vaiues listed awve "may rd be oonrmt. Howvr they assumedi be concarftrt

values and cofmWet signs ae assigned to them.

7. Node numbeus are shown In Flgure 1.

nternational Civil Engineoring Consultants, Inc.
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do _ _ _ _ _ _ _ _ _ _ SHEET_;1

\ OPiGINATOR
- PROJECT

SUBJECT
Private Fuel Swmlag Facility

6.2 Vertical Soil Bearing Pressures and Horizontal Soil Sheor Stresses I

Vertical soil bearing pressures for individual loadings and combined loadings are surnmariund as

shown in Table 5.

Hlorizontal soil shear stresses are shown in Tables D-1(a) and (b), and the total horizontal soil

reactions (shear forces) in both the short (x) and long (y) direotion~s of dh. pad ame summarized in

Table D-) (c).

i

I

International Clvii Engineering Consultants, Inc.
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CALCULATION SHEET

P. 10

-- / ORIGINAT^OR

PROJECT
SUJCT

Privat Fuel fWlFacft
DATE

CALC. NO. G(PO17}2 REV. NO.
CHECKED D OATE

JOB NO.
SHEEr

0

9-x * - 2f
IIN4-M

31.1Storap Pad Analysis XW Desig

T"le 5
I

Summary of Vertcal SoUR aring Prwwures jksf)

Nod. Number 2_7 2$3 2_ 9 144 150 5t6 1 7 13

Pad DL 0.46 0.4 0.46 0.46 0.45 0.45 0.45 0.45 0.45
Snow LL 0.45 0.45 0.45 a.45 0.45 0.45 0.45 0.45 0.46

24:ask CaskLL 1.36 1.36 1.38 0.35 0.35 0.35 0 0 0
Pad EQ 0.24 0.24 0.24 0.24 0.24 0,24 0.24 0.24 0.24
Cask EQ 2.22 1.64 1.81 0.67 0.48 0.45 0 0 0
100%Ve 4.7' 4.14 4.31 2.16 1.97 1.94 1.14 1.14 1.14

. Pad DL _046 0.45 0.5 0.45 0.45 0.45 0.45 0.45 0.4
SnLw L 0.45 0.46 0.4_ 0.45 0.45 0.45 OA.5 0.46 0.45

4Cask Cask LL 1.77 1.77 1.77 0.80 0.80 0.80 0 0 a
Pad EQ 0.24 0.24 024 0.24 0.24 0.24 0.24 0-24
CsS EQ 1.97 1.70 1.02 1.87 1.23 1.31 0 O 0
100% V 4.88 4.61 4.83 3.81 3.17 3.25 1 14 1.14 1.14
Pad DL 0.45 0.45 0.46 0.45 0.46 0.45 0.46 0.45 0.45
Snow LL 0.45 OA5 0.46 0.45 0.45 0.45 0.46 0.45 0.45

B Cask LL 1,47 1.47 1.47 1.60 1.60 1.60 1.47 1.47 1.47
Pad EQ 0.24 024 024 0.24 0.24 0.24 o.24 024 0.24
Cask EQ 2.70 2.39 21 2.82 1.44 2.24 3.92 2.42 2.47
100% V. 5.31 5.00 4.74 5.68 4.18 4.98 0 53 5.03 5.08

*9

Notesm (1) Values for Pad DL we obtained kom Table S-I.

(2) Values for Snow 11 are obtained from Table S-2.
(3) Va= for Cask LL are obtaied fom Tabe S-2.
(4) Pad EQ pressure = (pad wt) x a,, whero pad wt. - 864 kips. &W a, = 0.5g.

(5) Values f1r Cask EQ am obtW d from Table D-1 (d).
(6) EQ pressures bled awe fte envelopes of results for aHf soil conditions.

(7) Node numbers are shown In Figure 1.

* Oov-x�,� LoX-t> SW-ovLb Zf-, C.C74-C3 L<S�- C �.e- i 4's P4 � 3
11% kc�a% NJe " �-vk'6� Adz-6PZoj4" �

* 4-s,a,

Intemational Civil Engineefing Consultants, Inc
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Private Fuel Storage Facility PP 5-21-1
Attachment 2
Page 1 of 2

QA CATEGORY I
CALCULATION CHECKLIST

Calculation No. 05996.02-G(B)-04
Revision No. 6

Project No. 05996.02
Job Book File Location Q2.9

Yes No N/A

Method

Identify the method used to verify the "Method" of the calculation

* By design review
* Compare the Method with another calculation
* Alternate calculation

If the compare method was used, is the statement identifying
the other calculation identified in this calculation?

If an alternate calculation was used for a QA Category I
calculation, is it included with the calculation?

Is the calculation method acceptable?

Assumptions

Affirmative answers to the following questions are required:

* Are all assumptions uniquely identified as assumptions and
adequately described?

* Are all assumptions reasonable?

Are all assumptions that require confirmation at a later date
specifically identified as assumptions that must be confirmed?

For Revisions to the Calculation

* Are changes clearly identified?

* For QA Category I calculations, is a reason for the revision given?

• Does the calculation identify the calculation, including revision,
when applicable, which is superseded?
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V
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* Are affected pages identified with the new calculation number or a/
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* When applicable, is an alternate calculation included as part of __ V/
the calculation?

* When applicable, is a statement identifying the calculation to _ _ '/
which the method was compared included as part of the revision?
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Newmark's Method of Estimating Displacements Due to Earthquakes 20
Estirntion of Horizontal Displacement Using Newmark's Method 21
Load Case 1IIA: 40% N-S direction, -100% Vertical direction, 40% E-W direction. 22
Load Case HIB: 40% N-S direction, -40% Vertical direction, 100% E-W direction. 23
Load Case IRC: 100%h N-S direction, -40% Vertical direction, 4096 E-W direction. 24
Summary of Horizontal Displacement Calculated Using Newmark's Method 25
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Shape Factors 27
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Static Bearing Capacity of the Canister Transfer Building 40
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FIGURES 47

ATTACHMENTS
A Pages from Calc 05996.02-G(B)-05-2 re Strength of Clayey Silt 4 pp

(pp 25K, 34, 35, & 36)
B Annotated copies of CPT-37 & CPT-38 Showing Relative Difference Between 2 pp

Deeper Lying Soils and Those Tested in UU & CU Triaxial Tests At Depths -10 Ft
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CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE

05996.02 G(B) 13-3 N/A

RECORD OF REVISIONS

REVISION 0

Original issue

REVISION 1

Page count increased from 37 to 63.

* Revised seismic loadings to correspond to the PSHA 2,000-yr return period earthquake (p. 9-1)
* Added section on dynamic strength of soils (p. 9-3)
* Added section on seismic sliding resistance of the mat foundation (p. 9-5)
* Added section on evaluation of sliding on a deep slip surface (p. 9-8)
* Updated bearing capacity analysis using revised seismic loadings (p. 34-1)

Added additional loading combination: static + 40% seismic uplift + 100% in x (N-S) direction
+ 40% in z (E-W) direction

* Added additional references (p. 36-1)

NOTE:
SYBoakye prepared/DLAloysius reviewed pp. 9-8 through 9-12. Remaining pages prepared by
DLAloysius and reviewed by SYBoakye.

REVISION 2

Major re-write of the calculation.

1. Renumbered pages and figures to make the calculation easier to follow.
2. Changed effective length of mat to 265 ft to make it consistent with Calculation

05996.02-SC-4, Rev I (SWEC, 1999a).

3. Added overturning analysis.
4. Corrected calculation of moments for joints 3 and 6 in Table 1 and incorporated revised

seismic loads in calculations of overturning stability and dynamic bearing capacity.

5. Revised dynamic bearing capacity analyses to utilize only total strength parameters
because these partially saturated soils will not have time to drain fully during the rapid
cycling associated with the design basis ground motion. See Calculation 05996.02-G(B)-
05-1 (SWEC, 1999b) for additional details.

6. Updated references to current issues of drawings.
7. Added references to foundation profiles through Canister Transfer Building area

presented in SAR Figures 2.6-21 through 23.
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8. Deleted analyses of bearing capacity on layered profile, as adequate factors of safety are
obtained conservatively assuming that the total strengths measured for the clayey soils
in the upper -25' to 30' layer apply for the entire profile under the Canister Transfer
Building and revised all of the detailed bearing capacity analyses.

9. Changed "Load Combinations" to "Load Cases" and defined these cases to be consistent
throughout the various stability analyses included herein. These are the same cases as
are used in the stability analyses of the cask storage pads, Calculation 05996.02-G(B)-
04-5 (SWEC, 2000).

10.Added analysis of sliding on a deep plane at the top of silty sand/sandy silt layer,
incorporating passive resistance acting on the block of clayey soil and the foundation
mat overlying this interface.

1 1. Revised Conclusions to reflect results of these changes.

REVISION 3

1. Added a 1-ft deep key around the perimeter of the Canister Transfer Building mat to
permit use of the cohesive strength of the in situ silty clay/clayey silt in resisting sliding
due to loads from the design basis ground motion.

2. Revised shear strength used in the sliding stability analyses of the Canister Transfer
Building mat supported on the in situ silty clay to be the strength measured in the
direct shear tests performed on samples obtained from elevations approximately at the
bottom of the 1-ft deep perimeter key. The shear strength used in this analysis equaled
that measured for stresses corresponding to the vertical stresses at the bottom of the
mat following completion of construction.

3. Removed static and dynamic bearing capacity analyses based on total-stress strengths.
4. The relative strength increase noted for the deeper lying soils in the cone penetration

testing that was performed within the Canister Transfer Building footprint was used to
determine a weighted average undrained strength of the soils in the entire upper layer
for use in the bearing capacity analyses, since the soils within a depth equal to
approximately the width of the foundation are effective in resisting bearing failures. This
resulted in the average undrained strength for the bearing capacity analyses of the
upper layer equal to 3.18 ksf.

5. Removed dynamic analyses based on increasing strengths of the cohesive soils that were
measured in static tests to reflect well known phenomenon that the strength of cohesive
soils increases as the rate of loading decreases.

6. Revised undrained shear strength of the clay block overlying the cohesionless layer to
2.2 ksf, based on the UU tests that were performed at confining pressures of 1.3 ksf
(reported in Attachment 2 of Appendix 2A of the SAR) in the analysis of sliding of the
Canister Transfer Building on deep plane of cohesionless soils.
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7. Added shearing resistance available on the ends of the block of clay, since this soil must
be sheared along these planes in order for the Canister Transfer Building to slide on a
deep plane of cohesionless soils.

8. Revised method of calculating the inclination factor in the bearing capacity analyses to
that presented by Vesic in Chapter 3 of Winterkom and Fang (1975). Vesic's method
expands upon the theory developed by Hansen for plane strain analyses of footings with
inclined loads. Vesic's method permits a more rigorous analysis of inclined loads acting
in two directions on rectangular footings, which more closely represents the conditions
applicable for the Canister Transfer Building.

9. Replaced Tables 2, 2.6-9, and 2.6-10 with revised results for the changes in shear
strength of the in situ soils noted above and deleted Table 3.
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OBJECTIVE

To determine the stability against overturning, sliding, and static and dynamic bearing
capacity failure of the Canister Transfer Building supported on a mat foundation.

ASSUMPTIONS/DATA

The footprint of the Canister Transfer Building foundation mat is shown on SWEC Drawing
0599601-EA-8-D, Canister Transfer Building - Floor Plan, and Drawing 0599601-EM-1-D,
Canister Transfer Building - General Arrangement Sheet 1. The elevation view of the
structure is shown on Drawing 0599601-EA-9-D, Canister Transfer Building - Elevations
Sheet 1, and Drawing 0599601-EM-1-D, Canister Transfer Building - General
Arrangement Sheet 2. As indicated in SAR Section 4.7.1.5.1, Structural Design, the mat
foundation is 5 ft thick. The foundation mat is modeled as 165 ft x 265 ft x 5 ft thick.
These are the effective dimensions that were developed and used in Calculation 05996.02-
SC-4, Rev 1 (SWEC, 1999a).

Figure 1 presents a schematic view of the foundation and identifies the coordinate system
used in these analyses. Figure 2 presents the stick model used in the structural analysis
of the Canister Transfer Building.

The various static and dynamic loads and load combinations used in these analyses were
obtained from Calculation 05996.02-SC-5-1 (SWEC, 1999b). All loads are transferred to
the bottom of the mat. Moments, when transferred to the bottom of the mat, result in
eccentricity of the applied load with respect to the center of gravity of the mat. Lateral
loads, when combined with the vertical load, result in inclination of the vertical load,
which decreases the allowable bearing capacity.

The generalized soil profile at the site is shown on Figure 3. The soil profile consists of -30
ft of silty clay/clayey silt with sandy silt/silty sand layers (Layer 1), overlying -30 ft of very
dense fine sand (Layer 2), overlying extremely dense silt (N >100 blows/ft, Layer 3). SAR
Figures 2.6-21 through 23 present foundation profiles showing the relationship of the
Canister Transfer Building with respect to the underlying soils. These profiles, located as
shown in SAR Figure 2.6-18, provide more detailed stratigraphic information, especially
within the upper -30-ft thick layer at the site.

The bearing capacity analyses assume that Layer 1, which consists of silty clay/clayey silt
with some sandy silt/silty sand, is of infinite thickness and has strength properties based
on those measured for the clayey soils within the upper layer. These assumptions simplify
the analyses and they are very conservative. The strength of the sandy silt/silty sand in
the upper layer is greater than that of the clayey soils, based on the increases in Standard
Penetration Test (SV13 blow counts (N-values) and the increased tip resistance (see SAR
Figure 2.6-5, Sheet 1) in the cone penetration testing (ConeTec, 1999) measured for these
soils. The underlying soils are even stronger, based on their SPT N-values, which
generally exceed 100 blows/ft.
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GEOTECHCAL PROPERTIES

Based on laboratory test results presented in Table 3 of Calculation 05996.02-G(B)-5-2
(SWEC, 2000), ymotst = 80 pcf above the bottom of the mat and 90 pcf below the mat.

Table 6 of Calc 05996.02-G(B)-05-2 (copy included in Attachment A) summarizes the
results of the triaxial tests that were performed within depths of -10 ft. The undrained
shear strengths (su) measured in these tests are plotted vs confining pressure in Figure 11
of Calc 05996.02-G(B)-05-2 (copy included in Attachment A). This figure is annotated to
indicate the vertical stresses existing prior to construction and following completion of
construction.

The undrained shear strengths measured in the triaxial tests are used for the dynamic
bearing capacity analyses because the soils are partially saturated and they will not drain
completely during the rapid cycling of loadings associated with the design basis ground
motion. As indicated in Figure 11 of Calc 05996.02-G(B)-05-2 (copy included in
Attachment A). the undrained strength of the soils within -10 ft of grade is assumed to be
2.2 ksf. This value is the lowest strength measured in the UU tests, which were performed
at confining stresses of 1.3 ksf. This confining stress corresponds to the in situ vertical
stress existing near the middle of the upper layer. prior to construction of these
structures. It is much less than the final stresses that will exist under the cask storage
pads and the Canister Transfer Building following completion of construction. Figure 11 of
Calc 05996.02-G(B)-05-2 (copy included in Attachment A) illustrates that the undrained
strength of these soils increase as the loadings of the structures are applied; therefore, 2.2
ksf is a very conservative value for use in the bearing capacity analyses of these
structures.

The bearing capacity of the structures are dependent primarily on the strength of the soils
in the upper -25 to -30-ft layer at the site. All of the borings drilled at the site indicate
that the soils underlying this upper layer are very dense fine sands overlying silts with
standard penetration test blow counts that exceed 100 blows/ft. The results of the cone
penetration testing, presented in ConeTec(1999) and plotted in SAR Figure 2.6-5, Sheets 1
to 14, illustrate that the strength of the soils in the upper layer are much greater at depths
below -10 ft than in the range of -5 ft to -10 ft, where most of the triaxial tests were
performed.

In determining the bearing capacity of the foundation, the average shear strength of the
soils along the anticipated bearing capacity failure slip surface should be used. This slip
surface is normally confined to the zone within a depth below the footing equal to the
minimum width of the footing. For the Canister Transfer Building, the effective width of
the footing is decreased because of the large eccentricity of the load on the mat due to the
seismic loading. As indicated in Table 2.6-10, the minimum effective width of the Canister
Transfer Building occurs for Load Case 1ILA, where B' = 38.2 ft. This is greater than the
depth of the upper layer (-30 ft). Therefore, it is reasonable to use the average strength of
the soils in the upper layer in the bearing capacity analyses, since all of the soils in the
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upper layer will be effective in resisting failure along the anticipated bearing capacity slip
surface.

The undrained strength used in the bearing capacity analyses presented herein is a
weighted average strength that is applicable for the soils in the upper layer. This value is
determined using the value of undrained shear strength of 2.2 ksf noted above for the soils
tested at depths of -10 ft and the relative strength increase measured for the soils below
depths of -12 ft in the cone penetration tests that were performed within the Canister
Transfer Building footprint. As indicated on SAR Figure 2.6-18. these included CPT-37
and CPT-38. Similar increases in undrained strength for the deeper lying soils were also
noted in all of the other CPTs performed in the pad emplacement area.

Attachment B presents copies of the plots of su vs depth for CPT-37 and CPT-38, which are
included in Appendix D of ConeTec(1999). These plots are annotated to identify the
average undrained strength of the cohesive soils measured with respect to depth. As
shown by the plot of s. for CPT-37, the weakest zone exists between depths of -5 ft and
-12 ft. The results for CPT-38 are similar, but the bottom of the weakest zone is at a
depth of - 11 ft. The underlying soils are all much stronger. The average value of s, of the
cohesive soils for the depth range from -18 ft to -28 ft is -2.20 tsf, compared to s, -1.34
tsf for the zone between -5 ft and -12 ft. Therefore, the undrained strength of the deeper
soils in the upper layer was -64% (As, = 100% x [(2.20 tsf - 1.34 tsf) / 1.34 tsf] higher than
the strength measured for the soils within the depth range of -5 ft to -12 ft. The relative
strength increase was even greater than this in CPT-38.

Using 2.2 ksf, as measured in the UU triaxial tests performed on specimens obtained from
depths of -10 ft, as the undrained strength applicable for the weakest soils (i.e., those in
the depth range of -5 ft to -12 ft), the average strength for the soils in the entire upper
layer is calculated as shown in Figure 4. The resulting average value, weighted as a
function of the depth, is s. -3.18 ksf. This value would be much higher if the results from
CPT-38 were used; therefore, this is considered to be a reasonable lower-bound value of
the average strength applicable for the soils in the upper layer that underlie the Canister
Transfer Building.

Further evidence that this is a conservative value of s. for the soils in the upper layer is
presented in Figure 11 of Calc 05996.02-G(B)-05-2 (copy included in Attachment A). This
plot of su vs confining pressure illustrates that this value is slightly less than the average
value of s% measured in the CU triaxial tests that were performed on specimens obtained
from depths of -10 ft at confining stresses of 2.1 ksf. As indicated in this figure, the
confining stress of 2.1 ksf used to test these specimens is comparable to the vertical stress
that will exist -5 ft below the Canister Transfer Building mat following completion of
construction. Since these tests were performed on specimens of the weakest soils
underling the Canister Transfer Building mat (the deeper lying soils are stronger based on
the SPT and the cone penetration test data), it is conservative to use the weighted average
value of su of 3.18 ksf for the soils in the entire upper layer of the profile in the bearing
capacity analyses.
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Direct shear tests were performed on undisturbed specimens of the silty clay/clayey silt
obtained from Borings CTB-6 and CTB-S, which were drilled in the locations shown in SAR
Figure 2.6-18. These specimens were obtained from Elevation -4469, the elevation of the
bottom of the 1-ft deep perimeter key proposed at the base of Canister Transfer Building
mat. Note. this key is being constructed around the perimeter of the mat to ensure that
the full shear strength of the clayey soils is available to resist sliding of the structure due
to loads from the design basis ground motion. These direct shear tests were performed at
normal stresses that ranged from 0.25 ksf to 3.0 ksf. This range of normal stresses
bounds the ranges of stresses expected for static and dynamic loadings from the design
basis ground motion.

The results of these tests are presented in Attachments 7 and 8 of the Appendix 2A of the
SAR and they are plotted in Figures 9 and 10 of Calc 05996.02-G(B)-05-2 (copies included
in Attachment A). Because of the fine grained nature of these soils, they will not drain
completely during the rapid cycling of loadings associated with the design basis ground
motion. Therefore, sliding stability analyses included below of the Canister Transfer
Building constructed directly on the silty clay are performed using the average shear
strength measured in these direct shear tests for a normal stress equal to the vertical
stress under the building following completion of construction, but prior to imposition of
the dynamic loading due to the earthquake. As shown in Figures 9 and 10 of Calc
05996.02-G(B)-05-2 (copies included in Attachment A), this average shear strength is 1.8
ksf and the friction angle is set equal to O0.

Effective-stress strength parameters are estimated to be + 300 and c = 0 ksf, even though
these soils may be somewhat cemented. This value of 0 is based on the PI values for these
soils, which ranged between 5% and 23% (SWEC, 2000a), and the relationship between 0
and PI presented in Figure 18.1 of Terzaghi & Peck (1967).

Therefore, static bearing capacity analyses are performed using the following soil
strengths:

Case IA Static using undrained strength parameters: 4 = 0° & c = 3.18 ksf.

Case IB Static using effective-stress strength parameters: 0 = 30 ° & c = 0.

and dynamic bearing capacity analyses are performed using 4 = 0° & c = 3.18 ksf.



STONE & WEBSTER ENGINEERING CORPORATION

5010.65 CALCULATION SHEET

I CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. I OPTIONAL TASK CODE

05996.02 G(B) 13-3 N/A

METHOD OF ANALYSIS

Load cases analyzed consist of combinations of vertical static, vertical dynamic
(compression and uplift, Y-direction), and horizontal dynamic (in X and Z-directions) loads.

The following load combinations are analyzed:

Case I Static

Case II Static + dynamic horizontal forces due to the earthquake

Case III Static + dynamic horizontal + vertical uplift forces due to the earthquake

Case IV Static + dynamic horizontal + vertical compression forces due to the
earthquake

For Case II, 100% of the dynamic lateral forces in both X and Z directions are
combined. For Cases III and IV, 100% of the dynamic loading in one direction is
assumed to act at the same time that 40% of the dynamic loading acts in the other two
directions. For these cases, the suffix "A" is used to designate 40% in the X direction
(N-S for the Canister Transfer Building, as shown in Figure 1), 100% in the Y direction
(vertical), and 40% in the Z direction (E-W). Similarly, the suffix "B" is used to
designate 40% in the X direction, 40% in the Y, and 100% in the Z, and the suffix "C"
is used to designate 100% in the X direction and 40% in the other two directions.
Thus,

Case IIlA 40% N-S direction, -100% Vertical direction, 40% E-W direction.

Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.

Case IIIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.

The negative sign for the vertical direction in Case III indicates uplift forces due to the
earthquake. Case IV is the same as Case III, but the vertical forces due to the
earthquake act downward in compression; therefore, the signs on the vertical
components are positive.

Combining the effects of the three components of the design basis ground motion in
this manner is in accordance with ASCE-4 (1986).

ANALYsIs OF OVERTURNING STABILITY

The factor of safety against overturning is defined as:

FSocr = LMResisung + FMDriving

The overturning stability of the Canister Transfer Building is determined using the
dynamic loads for the building due to the PSHA 2,000-yr return period earthquake. These
loads are listed in Table I (SAR Table 2.6-11), and they were developed based on the
dynamic analysis performed in Calculation 05996.02-SC-5 (SWEC, 1999b) and described
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in SAR Section 4.7.1.5.3. The masses and accelerations of the joints (see Figure 2 for
locations of the joints) used in the model of the Canister Transfer Building in Calculation
05996.02-SC-5 are listed on the left side of Table 1, and the resulting inertial forces and
associated moments are listed on the right. Based on building geometry shown
schematically in Figure 1 and the forces and moments shown in Table 1, overturning is
more critical about the N-S axis (-265 ft) than about the E-W axis (- 165 ft).

The resisting moment is calculated as the weight of the building x the distance from one
edge of the mat to the center of the mat. The weight of the building is 72,988 K, as shown
in Table 1. For overturning about the N-S axis, the moment arm for the resisting moment
equals 1/2 of -165 ft. or 82.5 ft. Therefore,

£MR&,tung = 72,988 K x 82.5 ft = 6,021,510 ft-K.

The driving moments include the ZM acting about the N-S axis, ZMx in Table 1, which is
2,513,041 ft-K, and the moment due to the uplift force (FFvdyn = 57,139 K) x ½ the width of
the mat. The vertical force due to the earthquake can act upward or downward. However,
when it acts downward, it acts in the same direction as the weight, tending to stabilize the
structure. Therefore, the minimum factor of safety against overturning will occur when
the dynamic vertical force acts in the upward direction, tending to unload the mat.

The square root of the sum of the squares (SRSS) is used to combine the moments to
account for the fact that the maximum responses of earthquake do not act in all three
orthogonal directions at the same time. The moments acting about the E-W axis do not
contribute to overturning about the N-S axis; therefore,

I Mr,,,ig =,12,513,0412 + (57,139 K x 82.5 ft)2 = 5,341,991 ft - K

and FSor = 6,021,510 - 5,341,991 = 1.13 about the N-S axis.

Checking overturning about the E-W axis (- 165 ft), the resisting moment is calculated as
the weight of the building x the distance from one edge of the mat to the center of the mat.
The weight of the building is 72,988 K, as shown in Table 1. For overturning about the E-
W axis, the moment arm for the resisting moment equals 1/2 of -265 ft. or 132.5 ft.
Therefore,

EMResisng = 72,988 Kx 132.5 ft = 9,670,910 ft-K.

The driving moments include the ZM acting about the E-W axis, EMy in Table 1, which is
1,961,325 ft-K, and the moment due to the uplift force (FFVdy. = 57,139 K) x ½/2 the length
of the mat. The vertical force due to the earthquake can act upward or downward.
However, when it acts downward, it acts in the same direction as the weight, tending to
stabilize the structure. Therefore, the minimum factor of safety against overturning will
occur when the dynamic vertical force acts in the upward direction, tending to unload the
mat.
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The square root of the sum of the squares (SRSS) is used to combine the moments to
account for the fact that the maximum responses of earthquake do not act in all three
orthogonal directions at the same time. The moments acting about the N-S axis do not
contribute to overturning about the E-W axis; therefore,

JMi,,ng =5|1,961,3252 + (57,139 K x 132.5 ft)2 = 7,820,843 ft - K

and FSar = 9,670,910 . 7,820,843 = 1.24 about the E-W axis.

These values are greater than the criterion of 1.1; therefore, the Canister Transfer Building
has an adequate factor of safety against overturning due to dynamic loadings from the
design basis ground motion.

ANALYSIS OF SLIDING STABILITY

The factor of safety (FS) against sliding is defined as follows:

FS = Resisting Force - Driving Force = T -. V

For this analysis, ignoring passive resistance of the soil adjacent to the mat, the resisting,
or tangential shear force, T, below the base of the pad is defined as follows:

T = Ntan¢+cBL

where, N (normal force) = I F, = F static + Fv Eqk

* = 0 ° (for Silty Clay/Clayey Silt)

c = 1.8 ksf, as discussed above under "Geotechnical Properties."

B = 165 feet

L = 265 feet

The driving force, V, is calculated as follows:

V= /FHN +F E._W

SLIDING STABILITY OF THE CANISTER TRANSFER BUILDING ON IN SITU CA YEY SOILS

The sliding stability of the CTB was evaluated using the foundation loadings developed in
the soil-structure interaction analyses (Calculation 05996.02-SC-5, SWEC, 1999b). In this
case, the strength of the clayey soils at the bottom of the 1-ft deep key around the CTB
mat was based on the average of the two sets of direct shear tests performed on samples of
soils obtained from beneath the CTB at the elevation proposed for founding the structure.
The results of these tests are included in Attachments 7 and 8 of Appendix 2A of the SAR.
As discussed above under Geotechnical Properties, 0 = 0° and a shear strength of 1.8 ksf
were used for the clayey soils underlying the Canister Transfer Building in determining
resisting forces for the earthquake loading combinations.
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Conservatively assume the backfill to be placed around the Canister Transfer Building mat
and 1-ft deep key will be the eolian silt that was excavated from the area. For these soils.
it is reasonable to assume the lower bound value of y is 80 pcf, 0 = 30° & c = 0.

K (1+sin= 3.0 for=30

For cohesionless soils, Pp = 0.5 x Ty H2 Kp

Pp= 0.5 x 0.080 kcfx (6 ft)2 x 3.0 = 4.32 k/LF

Based on Drawing 0599602-EC-2-A (See Figure 5), the CTB mat is actually 35' + 145' + 35'
= 215' wide in the E-W direction and 182' + 60' + 30' = 272' long in the N-S direction.
Therefore, the total passive force available to resist sliding is at least 215' x 4.32 k/LF =
929 k acting in the N-S direction.

Lambe & Whitman (1969, p 165) indicates that little horizontal compression, -0.5%, is
required to reach half of full passive resistance for dense sands. The eolian silts will be
compacted to a dense state; therefore, assume that half of the total passive resistance is
available to resist sliding of the building. Note, 0.5% of the 6 ft height of the mat + 1-ft
deep key = 0.005 x 6 ft x 12 in./ft = 0.36 in. Since there are no safety-related systems that
would be severed or otherwise impacted by movements of this small magnitude, it is
reasonable to use this passive thrust to resist sliding.

The results of the sliding stability analysis of the Canister Transfer Building are presented
in Table 2, and they indicate that the factors of safety are acceptable for all load
combinations examined. The lowest factor of safety was 1.10, which applies for Cases IIIB
and IVB, where 100% of the dynamic earthquake forces act in the east-west direction and
40% act in the other two directions. These results assume that only one-half of the
passive pressures are available to resist sliding and no credit is taken for the fact that the
strength of cohesive soils increases as the rate of loading increases (Schimming et al,
1966, Casagrande and Shannon, 1948, and Das, 1993); therefore, they represent a
conservative lower-bound value of the sliding stability.

SLIDING STABILITY OF THE CANISTER TRANSFER BUILDING ON COHESIONLESS SOILS

The Canister Transfer Building will be founded on clayey soils that have an adequate
amount of cohesive strength to resist sliding due to the dynamic forces from the design
basis ground motion. As shown in SAR Figures 2.6-21 through 2.6-23, however, some of
the soils underlying the building are cohesionless within the depth zone of about 10 to 20
ft. especially near the southern portion of the building. Analyses presented on the next six
pages address the possibility that sliding may occur along a deeper slip plane at the clayey
soil/sandy soil interface as a result of the earthquake forces.

The resistance to sliding is greatly reduced for frictional materials when the dynamic
forces due to the earthquake act upward. The normal forces act downward for Case IV
loadings and, hence, the resisting forces will be much greater than those for Case HI.
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Therefore, these analyses are performed only for Load Cases IIIA, IIIB, and IIIC. As
described above, these load cases are defined as follows:

Case IIIA 40% N-S direction, -100% Vertical direction, 40% E-W direction.

Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.

Case IIIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.

As shown in SAR Figures 2.6-21 through 2.6-23, the top of the cohesionless layer varies
from about 5 ft to about 9 ft below the mat, and it generally is at a depth of about 6 ft
below the mat. These analyses include the passive resistance acting on a plane extending
from grade down to the top of the cohesionless layer, plus the shear strength available at
the ends of the silty clay block under the mat, plus the frictional resistance available along
the top of the cohesionless layer. The weight of the clayey soils existing between the top of
the cohesionless soils and the bottom of the mat is included in the normal force used to
calculate the frictional resistance acting along the top of the cohesionless layer.

A review of the cone penetration test results (ConeTec, 1999) obtained within the top 2 ft
of the layer of nonplastic silt/silty sand/sandy silt underlying the Canister Transfer
Building indicated that + = 380 is a reasonable minimum value for these soils. This review
is presented on the next page.

The next five pages illustrate that the factor of safety against sliding along the top of this
layer is >1.1 for Load Cases IIA and IIIC and they illustrate that it is -1.1 for Load Case
IIIB. These analyses include several conservative assumptions. They are based on static
strengths of the silty clay block under the Canister Transfer Building mat, even though, as
reported in Das (1993), experimental results indicate that the strength of cohesive soils
increases as the rate of loading increases. For rates of strain applicable for the cyclic
loading due to the design basis ground motion, Das indicates that for most practical cases,
one can assume that Cu2 dyamic - 1.5 X Cu static. In addition, the silty sand/sandy silt layer is
not continuous under the Canister Transfer Building mat, and this analysis neglects
cementation of these soils that was observed in the samples obtained in the borings.
Therefore, sliding is not expected to occur along the surface of the cohesionless soils
underlying the Canister Transfer Building.
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SuDING STABILiTY OF THE CANISTER TRANSFER BUILDING ON COHESIONLESS SOILS (CONT'D)

An additional analysis of sliding on cohesionless soils was performed to define the upper
bound of potential movement that might occur due to the earthquake if the mat was
founded directly on cohesionless soils. In this analysis it was postulated that the
cohesionless soils extend above the depth of about 10 ft and the structure is founded
directly on the cohesionless materials. These analyses conservatively assumed that 4 =

35° and c = 0 for these soils.

The higher value of 4 used here, compared to that used in the cask storage pad sliding
analysis, is based on the fact that the cohesionless soils underlying the Canister Transfer
Building area are sandier than those in the pad emplacement area. Further, this higher
value is justified by the results of the cone penetration testing, which indicate that the
average and median 4 range from 40° to 440 for the cohesionless soils underlying the
Canister Transfer Building. The high values reported in the CPT results likely are the
manifestation of cementation that was observed in many of the specimens obtained in
split-barrel sampling. Possible cementation of these soils is also ignored in this analysis,
adding to the conservatism.

Because of the magnitude of the dynamic forces resulting from the soil-structure
interaction analyses, the factor of safety against sliding of this building would be less than
1 if it were founded directly on cohesionless soils. For this case, the displacements the
building may experience were calculated using the method proposed by Newmark (1965)
for estimating displacements of dams and embankments during earthquakes.

NEWMARK'S METHOD OF ESTIMATING DISPLACEMENTS DUE TO EARTHQUAKES

t Fvrqk
N-W

+ FV

+ + + T = I-Area

Newmark (1965) defines N-W as the steady force applied at the center of gravity of the
sliding mass in the direction which the force can have its lowest value to just overcome the
stabilizing forces and keep the mass moving.

For a block sliding on a horizontal surface, N-W = T,

where T is the shearing resistance of the block on the sliding surface.
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Shearing resistance, T = r-rArea

where X = C(n tan

a, = Normal Stress

f = Friction angle of sand layer

an = Net Vertical Force/Area

= (F- - Fv EqkJ/Area

T = (F, - F, En) tan4

N.W= T

N = I(F, - F, Eqk) tanXl/W

The maximum relative displacement of the mat relative to the ground, um, is calculated as

Um = CV2 (1 - N/A)} / (2gN)

The above expression for the relative displacement is an upper bound for all the data
points for N/A less than 0.15 and greater than 0.5, as shown in Figure 6, which is a copy
of Figure 41 of Newmark (1965). Within the range of 0.5 to 0.15, the following expression
gives an upper bound of the maximum relative displacement for all data.

urn = V2 /(2gN)

ESTIMATION OF HORIZONTAL DISPLACEMENT USING NEWMARK'S METHOD

1. Maximum Ground Motions

The maximum ground accelerations and velocities at the Canister Transfer Building are
based on Calculation 05996.02-SC-5, Rev. 1, p. 37 (SWEC, 1999b), which indicates:

North-South Vertical East-West

Acceleration 0.805g 0.720g 0.769g

Velocity 21.7 in./sec Not Required 19.8 in./sec

2. Load Combinations

The resistance to sliding is greatly reduced for frictional materials when the dynamic
forces due to the earthquake act upward. The normal forces act downward for Case IV
loadings and, hence, the resisting forces will be much greater than those for Case III.
Therefore, these analyses are performed only for Load Cases IIIA, lIIB, and IIIC. As
described above, these load cases are defined as follows:
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Case IIIA

Case RIIB

Case RIIC

40%

40%

100%/

N-S direction,

N-S direction,

N-S, direction,

-100% Vertical direction, 40%

-40% Vertical direction, 100%

-40% Vertical direction, 40%

E-W direction.

E-W direction.

E-W direction.

3. Ground Motions for Analysis

North-South Vertical East-West
Case Accel Velocity Accel Accel Velocity

___ __ __ (ln./sec) - ( g(9 (in.fsec)
lIIA 0.322 8.68 0.720 0.308 . 7.92

fIIB 0.322 8.68 0.288 0.769 19.8

IIIC 10.805 1 21.7 _I0.288 10.308 7.92

LoAD CASE iIlA: 40% N-S DIREcTION, -100%VERTICAL DIREcTioN,40% lE-W DiRECTioN.

Static Vertical Force, F, = W = 72,988 klps (Calculation 05996.02-SC-5. Rev 1 (SWEC,
1999b), p37)

Earthquake Vertical Force, F, Eq = 57,139 kips (Calculation 05996.02-SC- 5. Rev 1. p37)

*..= 3501

N = [(72,988 - 57,139) tan 350] /72,988

N = 0. 152

40% N-S 40% E-W

Resultant acceleration in horizontal direction, A = (0.3222 + 0.3082) g

A = 0.446g

40% N-S 40% E-W

Resultant velocity in horizontal direction, V = J(8.682+ 7.922

V= 11.75 in./sec

N 0. 152_
-= -=0.34
A 0.446

The maximum relative displacement of the building relative to the ground, urn, based on
Newmark (1965) is

U.n = [V2 (1 -N/A)] /(2gN)

where g is in units of inches/seC2 .
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Urn - (11.75irn/sec)2 (1-0.34)) = 0.8",L2*386.4in./seC2 _ 0.152)

As shown in Figure 6, the above expression for the relative displacement is an upper
bound for all the data points for N/A less than 0. 15 and greater than 0. 5 where there is
symmetrical resistance to sliding. Within the range of values of N/A between 0. 15 to 0.5,
the following expression gives an upper bound for all data:

urn = V2/ (2gN)

Substituting the relevant parameters,

-(2 = (11.75in./seeY - = 12

Therefore, the maximum relative displacement ranges from 0.8" to 1.2" for Load Case 111A.

LoAD CASE IIIB: 40% N-S DIRECTION, -40% VERTICAL DIRECTION, 100% E- W DIRECTION.

Static Vertical Force, F, = W = 72,988 kips (Calculation 05996.02-SC-5, Rev 1 (SWEC.
1999b), p37)

Earthquake Vertical Force, F, Eq = 57,139 kips x 0. 40 = 22,856 kips acting upward.

o 350

N = 1(72,988 - 22,856) tan 350J /72,988

N = 0.48

40% N-S 1 00% E-W

Resultant acceleration in horizontal direction, A =(322+0792g

A = 0.834g

40% N-S 100% E-W

Resultant velocity in horizontal direction, V = 1(8.68 2 + 19.82)

V= 21.6iln./sec

= N =0.48 =.7
A 0. 834

The maximum relative displacement of the building relative to the ground, urn, based on
Newmark (19651 is

urn = [VI2 (I - N/All / (2gN)
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where g is in units of inches/sec2 .

m 2.386.4in./seC2 . 0.48

As shown in Figure 6, the above expression for the relative displacement is an upper
bound for all the data points for N/A less than 0. 15 and greater than 0. 5 where there is
symmetrical resistance to sliding. For Case 1]11B, N/A > 0.5; therefore, urn = 0.5" for this
case.

LoAD CASE IIIC: 100% N-S DiREcTioN,-40% VER7ICAL DIRECTIoN, 40% E-W DIRECTIoN.

Static Vertical Force, F, = W = 72,988 kips (Calculation 05996.02-SC-5, Rev 1 (SW~EC,
1999b), p37)

Earthquake Vertical Force, Fv Ek = 57,139 kips x 0.40 = 22,856 kips acting upward.

4 = 350

N = 1(72,988 - 22,856) tan 351] /72,988

N = 0.48

100%/ N-S 40% E-W

Resultant acceleration in horizontal direction, A = ~(0.805 2 + 0.3082) g

A= 0.862g

I100% N-S 40% E-W

Resultant velocity in horizontal direction, V = 1(2 1.7~ + 7.92)

V= 23.1 in./sec

N 0.48
-> = -~=0.558
A 0. 862

The maximum relative displacement of the building relative to the ground, Urn, based on
Newmark (1965) is

Urn = [V2 (I -N/A) / (2gN)

where g is in units of inches/sec 2.

=> UM =(23.1in./sec)2 .(1- 0.558) =06
2 -2.386.4 in. /seC2 _0.48)

As shown in Figure 6, the above expression for the relative displacement is an upper
bound for all the data points for N/A less than 0. 15 and greater than 0. 5 where there is
symmetrical resistance to sliding. For Case IIIC, N/A > 0.5; therefore, urn = 0.6" for this
case.



STONE & WEBSTER ENGINEERING CORPORATION

5010.65 CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. DIVISION & GROUP ICALCULATION NO. I OPTIONAL TASK CODE PAGE 25
05996.02 G(B) 13-3 N/A

SUMMARY OF HORIZONTAL DISPLACEMENT CALCULATED UsiNG NEWMARK'S METHOD

The following table presents a summary of the Newmark's analysis of sliding of the
Canister Transfer Building, assuming it is founded directly on cohesionless soils.

Load Combination Displacement

Case IIIA 40% N-S -100% Vertical 40% E-W 0.8 to 1.2 inches

Case IMB 40% N-S -40% Vertical 100% E-W 0.5 inches

Case MC 100% N-S -40% Vertical 40% E-W 0.6 inches

These analyses indicate that there is an adequate factor of safety against sliding along the
surface of the soils underlying the building that may be cohesionless within the depth
zone of about 10 to 20 ft, especially near the southern portion of the building. The
analysis that postulated that these cohesionless soils exist higher in the profile, such that
the building was constructed directly on them, includes several conservative assumptions.
Even with this high level of conservatism, the estimated relative displacement of the
building ranged from 0.5 inches to 1.2 inches.

Motions of this magnitude, occurring at the depth of the silty sand/sandy silt layer, would
likely not even be evident at the ground surface. For the building to slide, a surface of
sliding must be established between the horizontal sliding surface in the silty sand/sandy
silt layer and through the overlying clayey layer. In the simplified model used to estimate
these displacements, the contribution of this surface of sliding through the overlying
clayey layer to the dynamic resistance to sliding motion is ignored, as is the passive
resistance that would act on the embedded portion of the building foundation and the
block of soil that is postulated to be moving with it. It is likely, that should such slippage
occur within the cohesionless soils underlying the building, it would minimize the level of
the accelerations that would be transmitted through the soil and into the structure. In
this manner, the cohesionless soils would act as a built-in base-shear isolation system.
Any decrease in these accelerations as a result of this would increase the factor of safety
against sliding, which would decrease the estimated displacements as well. Further, since
there are no Important to Safety systems that would be severed or otherwise impacted by
movements of this small amount as a result of the earthquake, such movements do not
adversely affect the performance of the Canister Transfer Building.



STONE & WEBSTER ENGINEERING CORPORATION

S010.65 CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. I DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE 26
05996.02 G(B) 13-3 N/A

ALLOWABLE BEARiNG CAPACiTY

Bearing capacity calculations are performed using the method for determining general
bearing capacity failure, as presented in Winterkom and Fang (1975. Local bearing
capacity (punching shear) failure is ruled out due to the large size of the mat, 165' x 265'.

The general bearing capacity equation is a modification of Terzaghi's bearing capacity
equation, which was developed for strip footings and which indicates that qwt =
cNc+qNq+1/2 yBN,. For this relationship, the ultimate bearing capacity of soil consists of
three components: 1) cohesion, 2) surcharge, and 3) friction, which are represented by
bearing capacity factors Nc, Nq, and N.. Terzaghi's bearing capacity equation has been
enhanced by various investigators to incorporate shape, depth, and load inclination factors
for different foundation geometries and loads as follows:

qit = c Nc sc dc fc + q Ng Sq dq fq+ 1/2rB N. ySy 4

where

quat = ultimate bearing capacity

c = cohesion or undrained strength

q = effective surcharge at bottom of foundation, = yDf

y= unit weight of soil

B = foundation width

sc, sq, s,. = shape factors, which are a function of foundation width to length

dc, dq, d = depth factors, which account for embedment effects

ic, iq4, a= load inclination factors

NC, Nq, Ny = bearing capacity factors, which are a function of A.

y in the third term is the unit weight of soil below the foundation, whereas the
unit weight of the soil above the bottom of the footing is used in determining q in
the second term.

BEARING CAPACuTYFACTORS

Bearing capacity factors computed based on relationships proposed by Vesic (1973), which
are presented in Chapter 3 of Winterkom and Fang (1975).
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STATICBEARING CAPACIYOF THE CANISTER TRANSFER BUILDING

The following pages present the details of the bearing capacity analyses for the static load
cases. These cases are identified as follows:

Case IA Static using undrained strength parameters (c 00 & c = 3.18 ksf).

Case IB Static using effective-stress strength parameters (f = 300 & c = 0).

Table 2.6-9 presents the results of the bearing capacity analyses for these static load
cases. The minimum factor of safety required for static load cases is 3.

As indicated in this table, the gross allowable bearing pressure for the Canister Transfer
Building to obtain a factor of safety of 3.0 against a shear failure from static loads is
greater than 6 ksf. However, loading the foundation to this value may result in
undesirable settlements. This minimum allowable value was obtained in analyses that
conservatively assume $ = 0° and c = 3.18 ksf, the average undrained strength for the soils
in the upper layer at the site, to model the end of construction. Using the estimated
effective-stress strength of $ = 30° and c = 0 results in higher allowable bearing pressures.
As shown in Table 2.6-9, the gross allowable bearing capacity of the Canister Transfer
Building for static loads for these soil strengths is 45 ksf.
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IALLOWABLE BEARING CAPACITY OF CANISTER TRANSFER BUILDING

Static Analysis:
Soil Properties:

Case 1A

Foundation Properties:
Nsi

EQH I

Su 3,180 Average undrained strength (psf) in upper -30' layer
=0.0 Friction Angle (degrees)
y= 90 Unit weight of soil (pcf)

= ~ 80 Unit weight of surcharge (pcf)
B. 165.0 Footing Width - ft (E.-W) L'=265.0 Length -fl

Df= 5 Depth of Footing (ft)
P= 0.0 Angle of load inclination from vertical (degrees)

FS = 3 Factor of Safety required for qalwbe
Fv 72,988 k EQv =0 k

E = 0 k + EQHN4.s= Ok o k for FH.

:(N-S}

quit ~c Nesc dc i + ysurh DNq sqdq lq + 1I2 yBNY SYdyi

N0, = (Nq -1) cot(4), but =5.14 foe ~0
Nq = entw tan2(ir/4 + ~I2)
NY=2 (Nq +1) tan (4)

s'= 1 + (B/L)(NW/N0 )
Sq = 1 + (B3/L) tan '

1Y= -0.4 (B/L)

For DIMB<1: dq =1 + 2tan ~ (1 -sin ,)2 DW/B
dr= 1

For > 0: d0: = dq - (1 -dq) / (N. tan ~

For = 0: d.= 1 + 0.4(D1/B)

General Bearing Capacity Equation,
based on Winterkorn & Fang (1975)

= 5.14 Eq 3.6 & Table 3.2
= 1.00 Eq 3.6
= 0.00 Eq 3.8

= 1.12
= 1.00
= 0.75

= 1.00

= 1.00
= N/A

= 1.01

Table 3.2

Eq 3.26

Eq 3.27

No inclined loads; therefore, J, = q = f 1.0.

N.. term
18,547

Nq term
+ 400

N., term
+ 0Gross quit= 18,947 psf =

qaI = 6,310 psf = qu1ItFS

clcul= 1,669 psf = (F, + EOQ) I (B' x L')

FSactual = 11.35 = quit / qawa > 3 Hence OK

[geothjO5996\caJc~bmg-.cap~can...xfr.x~s



STONE & WEBSTER ENGINEERING CORPORATION

CALCULATION SHEET5 010.65

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. IDIVISION & GROUP I CALCULATION NO. IOPTIONAL TASK CODE PAGE- 30
05996.0 G(B) 13-3 N/A

ALLOWABLE BEARING CAPACITY OF CANISTER TRANSFER BUILDING

Static Analysis:
Soil Properties:

Foundation Properties:

Case lB
SU =

Ysurch, `

B' =

Di =
FS =
FV =

EOH E-W=

o Cohesion (psf)
30.0 Friction Angle (degrees)

90 Unit weight of soil (pcf)
80 Unit weight of surcharge (pcf)

165.0 Footing Width - ft (E-W) L' = 265.0 Len
5 Depth of Footing (ft)

0.0 Angle of load inclination from vertical (degrees)
3 Factor of Safety required for qwcab,

72,988 k EQv = 0 k
O k + EQH N.S Ok = Okfo

gth - ft (N-S)

r FH

quit = CNose deic + Ysrch DfNq sqdq iq + 1/2 -yB Ny sy dy

Nc = (Nq - 1) cot(4), but = 5.14 for 0
Nq =-tan tan2d4+/2

se = 1 + (B/L)(Nq/Nc)
Sq = 1 + (B/L) tan 4
SY = 1 - 0.4 (B/L)

For D/B,<1: dq = 1 + 2tan 0 (11 -sin )2 D1 B

.d 1
For40> 0: d0 = dq -(1-dq) /(N, tan)

For 1 = 0: d0= 1 + 0.4 (D1/B)

General Bearing Capacity Equation,
based on Winterkorn & Fang (1975)

= 30.14 Eq 3.6 &Table 3.2

= 18.40 Eq 3.6

= 22.40 Eq 3.8

= 1.38
= 1.36

= 0.75

= 1.01
= 1.00

= 1,01

= N/A

Table 3.2

Eq 3.26

Eq 3.27

No inclined loads; therefore, i, = iq = iY= 1.0.

Nr term
0

Nq term N termn

+ 10,094 + 124,911Gross qui = 135,005 psf =

qaj1 = 45,000 psf = qui I FS

qactual = 1,669 psf = (F, + EQJ) I (B' x L')

F~cul= 80.88 = qui / qactuat > 3 Hence OK

(geot~j05996\calc\brng-.cap\can~xfr.xis



STONE & WEBSTER ENGINEERING CORPORATION

s0I0.65 CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. DiVISION & GROUP CALCULATION NO. | OPTIONAL TASK CODE PAGE 31
05996.02 G(B) 13-3 N/A

DYNAMIC BEARING CAPACITY OF THE CANISTER TRANSFER BUILDING

The following pages present the details of the bearing capacity analyses for the dynamic
load cases. These analyses use the dynamic loads for the building that were developed in
Calculation 05996.02-SC-5, (SWEC, 1999b). The development of these dynamic loads is
described in Section 4.7.1.5.3 of the SAR. As in the structural analyses discussed in SAR
Section 4.7.1.5.3., the seismic loads used in these analyses were combined using 100% of
the enveloped zero period accelerations (ZPA) in one direction with 40% of the enveloped
ZPA in each of the other two directions. The resulting dynamic loading cases are identified
as follows:

Case II 100%N-S direction, 0% Vertical direction, 100% E-W direction.

Case ILA 40% N-S direction, -100% Vertical direction, 40% E-W direction.

Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.

Case IIIC 100%N-S direction, -40% Vertical direction, 40% E-W direction.

Case IVA 40% N-S direction, 100% Vertical direction, 40% E-W direction.

Case IVB 40% N-S direction, 40% Vertical direction, 100% E-W direction.

Case IVC 100%N-S direction, 40% Vertical direction, 40% E-W direction.

Table 2.6-10 presents the results of the bearing capacity analyses for these cases, which
include static loads plus dynamic loads due to the earthquake. Because the in situ fine-
grained soils are not expected to fully drain during the rapid cycling of load during the
earthquake, these cases are analyzed using the average undrained strength applicable for
the soils within the upper layer (¢ = O° and c = 3.18 ksl). As indicated above, for these
cases including dynamic loads from the design basis ground motion, the minimum
acceptable factor of safety is 1.1.

Table 2.6-10 indicates the minimum factor of safety against a dynamic bearing capacity
failure was obtained for Load Case IIIB, the load combination of full static with 40% of the
earthquake loading acting in the N-S direction, 40% acting in the vertical direction,
tending to unload the mat, and 100% acting in the E-W horizontal direction. This load
case resulted in an actual soil bearing pressure of 3.31 kips per square foot (ksfi,
compared with an ultimate bearing capacity of -9 ksf. The resulting factor of safety
against a bearing capacity failure for this load case is -3, which is much greater than 1. 1,
the minimum allowable factor of safety for seismic loading cases. In these analyses, no
credit was taken for the fact that strength of cohesive soil increases as the rate of loading
increases. Therefore, the Canister Transfer Building has an adequate factor of safety
against a dynamic bearing capacity failure.
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STONE & WEBSTER ENGINEERING CORPORATION

010.65 CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE 32
05996.02 G(B) 13-3 N/A

ALLOWABLE BEARING CAPACIT
PSHA 2,000-Yr Earthquake: Case II
Soil Properties: su =

Ysurch=

Foundation Properties: B' =
Df =

FS =

Fv=

EQH E-W =

qut =c Nc Sc dc ic + Ysurch Df Nq sq dq iq + 11

Nc = (Nq - 1) cot(o), b

N = ean, tan2 (i/4 +

NY = 2 (Nq + 1) tan (0:

SC = 1 + (B/L)(Nz/N.)

sq = 1 + (B/L) tan 0

s, = 1 - 0.4 (B/l)

Y OF CANISTER TRANSFER BUILDING

1100 %inX, 0 %inYN Z 11, 100 %in:
3,180 Average undrained strength (psf) in upper -30' layer

0.0 Friction Angle (degrees)
90 Unit weight of soil (pcf)
80 Unit weight of surcharge (pcf)

96.1 Footing Width - ft (E-W) L' = 211.3 Length - ft (N-S)
5 Depth of Footing (ft)

42.8 Angle of load inclination from vertical (degrees)
1.1 Factor of Safety required for qalowable

72,988 k EQv = 0 k
67,572 k + EQH N-S= 62,040 k = 91,733 k for FH

General Bearing Capacity Equation,
F2 yB r Ns d. I based on Winterkorn & Fang (1975)

Lut=5.14for =0 = 5.14 Eq3.6&Table3.2

4/2) = 1.00 Eq 3.6

= 0.00 Eq 3.8

1.09 Table 3.2
1.00

= 0.82

For D/B < 1: dq = 1

d= 1

For >0:d = d,

For ¢ =0: d, = 1

+ 2 tan + (1 - sin 4) 2 DB

q - (1 -dq) / (Nq tan 4)

+ 0.4 (DM/B)

mB = (2 + B/L) / (1 + B/L)

m, = (2 + LB) / (1 + L/B)

If EQH N-S > °en = tan" (EQH E w/ EQH NS)

2 20
Mn = ML cos On + mE sin 0n

For4=0:i,= 1 -(mFH/ 'L'cNV)

'q = { 1 - FH/ [(FV + EQV) + B' L'c cot li }m

i = ( 1 -FHI [(Fv+ EQ)+B'L'ccot}fl J`

= 1.00

= 1.00

= N/A

= 1.02

= 1.62

= 1.38

= 0.83

= 1.51

= 0.58

= 1.00

= 0.00

Eq 3.26

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.16a

Eq 3.14a

Eq 3.17a

No term
10,584

Nq term

+ 400

N. term

+ 0Gross quit = 10,984 psf =

qa=I = 9,980 psf = quKt I FS

qactuat = 3,594 psf = (Fv + EQv) I (B' x L')

FSactual = 3.06 = qu" I qactual > 1.1 Hence OK

[geot1j05996\calc\brngcap\can.xfr.xls



e

STONE & WEBSTER ENGINEERING CORPORATION

5o0o.6s CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. DIVISION & GROUP I CALCULATION NO. OPTIONAL TASK CODE PAGE 33
05996.02 G(B) 13-3 | N/A

ALLOWABLE BEARING CAPACIT

PSHA 2,000-Yr Earthquake: Case I1
Soil Properties: SU =

7Ysurch=

Foundation Properties: B' =
D=

FS =

Fv=

EQH E-W =

quit =c Nc sc d c i c + Ysurch Dt Nq sq dq iq + 14

Nc = (Nq - 1) cot(4,), b

Nq = extano tan2 (ir4 +

Nr = 2 (Nq + 1) tan (4

SC = 1 + (B/L)(Nq/NC)
Sq = 1 + (B/L) tan$

SY = 1 - 0.4 (B/L)

Y OF CANISTER TRANSFER BUILDING

IA | 40 % in X,-100 % in Y Y 40%InZ

3,180 Average undrained strength (psf) in upper -30' layer
0.0 Friction Angle (degrees)
90 Unit weight of soil (pcf)
80 Unit weight of surcharge (pcf)

38.2 Footing Width - ft (E-W) L' = 166.0 Length - ft (N-S)
5 Depth of Footing (ft)

59.6 Angle of load inclination from vertical (degrees)
1.1 Factor of Safety required for qak.ab1.

72,988 k EQv = -57,139 k

27,029 k + EQH N*S = 24,816 k = 36,693 k for FH
General Bearing Capacity Equation,

Y2 y B NY Sr dr Ir based on Winterkorn & Fang (1975)

ut=5.14for =0 = 5.14 Eq3.6&Table3.2

412) 1.00 Eq 3.6

) = 0.00 Eq 3.8

1.04 Table 3.2
1.00

= 1.00

For DJB < 1: dq = 1 + 2 tan 4 (1 _ sin O)2 DB

dY=1
For > 0: d, = dq - (1-dq) / (Nq tan 0)

For p =0: d, = 1 + 0.4 (D/B)

mE = (2 + BIL) / (1 + B/L)

mL= (2+LUB)J(1 +ULB)

If EQH N-S > 0: On = tan- (EQH E-W / EQH N*S)

22
m = mL COS 0n + ma sin2On

For 0=0:i0 = 1 -(mFH/B'L'cNj)

iq= { 1 - FH/(FV + EQV) + B' L'c cot4}m

i. = { 1 - FH/ [(Fv + EQV) + B' L'c cot 4 }"m+'

= 1.00

= 1.00

N/A

1.05

= 1.62

= 1.38

0.83

= 1.51

= 0.46

= 1.00

= 0.00

Eq 3.26
..

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.16a

Eq 3.14a

Eq 3.17a

N, term

8,353
Nq term

+ 400
NY term

+ 0Gross q,1 , = 8,753 psf =

qaj, = 7,950 psf = qt I FS

qactual =

FSatUai =

2,503 psf = (F, + EQv) I (B' x L)

3.50 = quwt / qacual > 1.1 Hence OK

[geot]j05996\calc\bmg-cap\canxfr.xls



STONE & WEBSTER ENGINEERING CORPORATION

5010-65 _ CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE 34
05996.02 G(B) 13-3 N/A

ALLOWABLE BEARING CAPACITY OF C
PSHA 2,000-Yr Earthquake: Case IB
Soil Properties: SU = 3,180

0.0
-Y= so

Ysurch = 80

Foundation Properties: B' = 64.7
D, = 5
3= 53.4

'ANISTER TRANSFER BUILDING

1 40 % in X, -40 % in YI . .. -1
Z, 100 %in:]

FS =
Fv =

EQH E-W =

1.1
72,988
67,572

Average undrained strength (psf) in upper -30' layer
Friction Angle (degrees)
Unit weight of soil (pcf)
Unit weight of surcharge (pcf)
Footing Width - ft (E-W) L' = 233.7 Length - ft (N-S)
Depth of Footing (ft)
Angle of load inclination from vertical (degrees)
Factor of Safety required for qaiobs.

k EQv = -22,856 k
k + EQHNs= 24,816 k = 71,985 kforFH

yd; LGeneral Bearing Capacity Equation,
YT Sr Y Ybased on Winterkorn & Fang (1975)

4 for 4=0 = 5.14 Eq 3.6 & Table 3.2

= 1.00 Eq 3.6

= 0.00 Eq 3.8

= 1.05 Table 3.2
1.00

= 0.89

quIt=cNcscdcic+YsurchDfNqsqdqiq +112yBN.

Nc = (Nq - 1) Cot(4), but = 5.1'

Nq = e" tan2(n/4 + 4)/2)

NY= 2 (Nq + 1) tan (4)

SC = 1 + (B/L)(NINj)
sq = 1 + (BIL) tan 4

SY = 1 - 0.4 (B/L)

ForDp/Bc1: dq= 1 +2tan 4 (1 -sinn) 2 DD/B
dY= 1

For 4 > 0: d0 = dq - (1 -dq) / (Nq tan 4)
For 4 = 0: de = 1 + 0.4 (D,/B)

mB = (2 + B/L) / (1 + B/L)

ML= (2+ UJB) 1(1 + UB)

If EOH N.S > 0: e( = tan' (EQH E.W / EQH N.S)

mn = mL COS 2O + mB sin2On

For 4=0: i= 1 - (m FH / L' C N)

iq= { 1 - FH / [(FV + EQv) + B' L' c cot fl Im

i= {1 - FH / [(F + EQV) + B' U c cot fl)}m+l

= 1.00

= 1.00

= N/A

= 1.03

= 1.62

= 1.38

= 1.22

= 1.59

= 0.54

= 1.00

= 0.00

Eq 3.26

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.16a

Eq 3.14a

Eq 3.17a

N. term
9,547

Nq term
+ 400

NY term

+ 0Gross qun = 9,947 psf =

qaj, = 9,040 psf = qult / FS

actual = 3,313 psf = (F, + EQV) / (B' x L')qg

FSactual = 3.00 = qult I qactual > 1.1 Hence OK

(geot1I05996\calc\brngcap\can_xfr.xls
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STONE & WEBSTER ENGINEERING CORPORATION

5010.65 -CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.0. OR W.O. NO. I DIVISION & GROUP CALCULATION NO. I OPTIONAL TASK CODE PAGE 35
05996.02 G(B) 13-3 N/A

ALLOWABLE BEARING CAPACIT

PSHA 2,000-Yr Earthquake: Case II
Soil Properties: Su=

Ysurch =

Foundation Properties: B' =
EDI

E3=

FS =
Fv=

EQHEW =

qut =c N. sI dc ic + 7surch DI Nq Sq dq iq + 1,

Nc = (Nq -1) cot(o), b
Nq ex tan tan2(ir/4 +

Ny= 2 (Nq+ 1) tan (4

SC = 1 + (B/L)(N^/NC)
Sq = 1 + (B/L) tan ¢

sy = 1 - 0.4 (B/L)

Y OF CANISTER TRANSFER BUILDING

IC ||100 %Iin X, -40 % in Y. 40 % in1
3,180 Average undrained strength (psf) in upper -30' layer

0.0 Friction Angle (degrees)
90 Unit weight of soil (pcf)
80 Unit weight of surcharge (pcf)

124.9 Footing Width - ft (E-W) L' = 186.8 Length - ft (N-S)
S Depth of Footing (ft)

28.3 Angle of load inclination from vertical (degrees)
1.1 Factor of Safety required for qwiowabte.

72,988 k EQv = -22,856 k
27,029 k + EQH N-S = 62,040 k = 67,672 k for FH

General Bearing Capacity Equation,
Y2 B NY S., dy based on Winterkorn & Fang (1975)

ut = 5.14 for4 =0 = 5.14 Eq 3.6 & Table 3.2
412) = 1.00 Eq 3.6

= 0.00 Eq 3.8

= 1.13 Table 3.2
= 1.00

= 0.73

For DIB 5 1: dq = 1 + 2 tan 4 (1 - sin of)2 D/B

dY= 1

For 4 > 0: de = dq - (1-dq) / (Nq tan 4)

For 4 = 0: d, = 1 + 0.4 (DB)

mB = (2 + B/L) / (1 + B/L)

mL = (2 + UE3) / (1 + L/B)

If EQN N-S > 0: 0, = tan" (EQH E*W / EQH N S)

Mn = mL COS2On + ma sin 20n

For4 =0: i= I - (m FH/B'L'cNA)

jq= { 1 - FH/ [(F, + EQV) + B'L'c cot 0

I-= { 1 -FH/ (FV+EQV)+ B'L'ccot 4] )}m+'

= 1.00

= 1.00

= N/A

- 1.02

= 1.62

= 1.38

= 0.41

= 1.42

= 0.75

= 1.00

= 0.00

Nq term
+ 400

Eq 3.26

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.16a

Eq 3.14a

Eq 3.17a

NY term
+ 0

N. term
14,035Gross qU, = 14,435 psf =

qall = 13,120 psf = qft / FS

qedual =

FS.t.ua1 =

2,149 psf = (Fv + EQ) / (B'x ')

6.72 = q% qamaj > 1.1 Hence OK

[geot]jO5996\calcXbrng-cap\can-xfr.xts



STONE & WEBSTER ENGINEERING CORPORATION

5010.55 CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER
. _ .

J.O. OR W.O. NO.

05996.02
DiVISION & GROUP

G(B) I 13-3 I N/A

ALLOWABLE BEARING CAPACIT

PSHA 2,000-Yr Earthquake: Case ni
Soil Properties: SU =

I=

YsIcsh =

Foundation Properties: B' =
D=

=
FS =
Fv=

EQH E-W =

Y OF CANISTER TRANSFER BUILDING

A 140 %inX, 100 %1n)f, 40%ln:Z:11
3,180 Average undrained strength (psf) in upper -30' layer

0.0 Friction Angle (degrees)
90 Unit weight of soil (pcf)
80 Unit weight of surcharge (pcfl

149.6 Footing Width - ft (E-W) L' = 252.9 Length - ft (N-S)
5 Depth of Footing (ft)

11.7 Angle of load inclination from vertical (degrees)
1.1 Factor of Safety required for qalkwable.

72,988 k EQv = 57,139 k
27,029 k + EQHN.S = 24,816 k = 36,693 k for FH

General Bearing Capacity Equation,
2y yB N s- dY iY based on Winterkorn & Fang (1975)

ut = 5.14 for =O = 5.14 Eq 3.6 & Table 3.2
V/2) 1.00 Eq 3.6

= 0.00 Eq 3.8

= 1.12 Table 3.2
= 1.00
= 0.76

qut = c N sc dc ic + Ysurch Df Nq sq dq iq + ti

N0 = (N - 1) cot(t), b
N. = entano tan2(t/4 +

NY=2(Nq+1) tan(¢)

SC = 1 + (BlL)(NWNc)
sq = 1 + (B/L) tan k
sY = 1 - 0.4 (B/L)

For Dp/B 1: dq = 1 + 2 tan + (1 - sin o2 D/B
dr= 1

For4¢ > 0: d0 = dq - (1-dq) I (Nq tan )

For =0: d = 1 + 0.4 (D/B)

mB = (2 + B/L) 1(1 + BIL)

mL = (2 + L/B) / (1 + L/B)

If EQH N-S > 0: 0 = tan" (EQH E-W / EQH N-S)

2 29
Mn = mL Cos20n + mB sin On

For =0:i0 = 1 -(mFHB' L' cNc)

iq = {1 - FH /[(F9 + EQV) + B' L' c cot ] }m

iY= { 1 - FH/[(FY + EQV) + B' L' ccot+] }

= 1.00
= 1.00
= N/A

= 1.01

= 1.62

= 1.38

= 0.83

= 1.51

= 0.91

= 1.00

= 0.00

Eq 3.26
3.

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.16a

Eq 3.14a

Eq 3.17a

N, term
16,814

Nq term

+ 400
N term

+ 0Gross quit = 17,214 psf =

qsll = 15,640 psf = qi J FS

qactual = 3,440 psf = (F, + EQj) I (B' x L')

FSactujal = 5.00 = qut I qacwal > 1.1 Hence OK

[geotjO5996\calc\bmg-cap\can-xfr.xis
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STONE & WEBSTER ENGINEERING CORPORATION

010.65 CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. I DIVISION & GROUP I CALCULATION NO. I OPTIONAL TASK CODE PAGE 37
05996.02 G(B) 13-3 N/A

ALLOWABLE BEARING CAPACIT
PSHA 2,000-Yr Earthquake: Case In
Soil Properties: SU =

4=

Ysurch =

Foundation Properties: B' =
DS=

=FS=
Fv=

EQH E-W=

quit= c NC sC dc ic + Ysurch Dt Nq Sq dq iq + 1

Ne = (Nq - 1) cot(4), b

Nq= entano tan2(7t4 +

NY=2(Nq+1) tan(43

SC = 1 + (B/L)(N./Nj)
sq = 1 + (B/L) tan 4
Sy = 1 - 0.4 (B/L)

Y OF CANISTER TRANSFER BUILDING

VB 40%inX, 40%inYIY. 100 +%in Z
3,180 Average undrained strength (psf) in upper -30' layer

0.0 Friction Angle (degrees)
90 Unit weight of soil (pcf)
80 Unit weight of surcharge (pcf)

112.6 Footing Width - ft (E-W) L' = 248.6 Length - ft (N-S)
5 Depth of Footing (ft)

35.2 Angle of load inclination from vertical (degrees)
1.1 Factor of Safety required for qwlowable.

72,988 k EQV = 22,856 k
67,572 k + EQHN-S = 24,816 k = 71,985 kforFH

J2 B Ny d * General Bearing Capacity Equation,
yB y sy Y s based on Winterkorn & Fang (1975)

ut = 5.14 for 4=0 = 5.14 Eq 3.6 & Table 3.2
112) = 1.00 Eq 3.6

= 0.00 Eq 3.8

= 1.09 Table 3.2
= 1.00

= 0.82

For D/B < 1: dq = 1 + 2 tan 4 (1 - sin 4) 2 DB

For 4 > 0: de = dq - (1-dq) / (Nq tan 4)

For 4 = 0: de = 1 + 0.4 (Df6B)

1.00

= 1.00

= N/A

= 1.02

Eq 3.26
3.

Eq 3.27

mE = (2 + BIL) / (1 + B/L)

mL= (2 + LB) I (1 + L/Bj

If EQH N-S > 0: 8, = tan 1 (EOH E-W / EQH N.S)

Mn = mL COS 2,, + mB sin 0n

For3 = 0: i 0 = 1 - (m FH/ B' L'c N)

jq = { 1 - FHI [(Fy + EQV) + B' L' c cot 4] rm

i,= ( 1 - FH/[(Fv + EQV) + B' L'c cot 43 }+1

1.62

= 1.38

= 1.22

= 1.59

= 0.75

= 1.00

= 0.00

Nq term

+ 400

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.16a

Eq 3.14a

Eq 3.17a

N. term

+ 0

N, term
13,576Gross q, = 13,976 psf =

qC1 = 12,700 psf = quft / FS

qactual = 3,425 psif = (F, + EQ) / (B' x L')

FSactuat = 4.08 = qult I qaclual > 1.1 Hence OK

(geotljO5996\calc~brrg cap\canxfr.xls



STONE & WEBSTER ENGINEERING CORPORATION

CALCULATION SHEET501 0.65

CALCULATION IDENTIFICATION NUMBER

05996.02 I G(B) I 13-3 I NIA

ALLOWABLE BEARING CAPACir

PSHA 2,000-Yr Earthquake: Case IN
Soil Properties: . SU =

0 =
Y=

Ysurch =

Foundation Properties: B' =
Di =

A=

FS =
Fv=

EQH E-W =

VI OF CANISTER TRANSFER BUILDING
IC |jl100%inX, 40%inV , 40 % IinZ

3,180 Average undrained strength (psf) in upper -30' layer
0.0 Friction Angle (degrees)
90 Unit weight of soil (pcf)
80 Unit weight of surcharge (pcf)

144.0 Footing Width - ft (E-W) L' = 224.1 Length - ft (N-S)
5 Depth of Footing (ft)

15.7 Angle of load inclination from vertical (degrees)
1.1 Factor of Safety required for qaowable.

72,988 k EQv = 22,856 k

27,029 k + EQH NS = 62,040 k = 67,672 k for FH

12 B NY S d * General Bearing Capacity Equation,
based on Winterkorn & Fang (1975)

ut = 5.14 for =O = 5.14 Eq 3.6 & Table 3.2

412) = 1.00 Eq 3.6
= 0.00 Eq 3.8

= 1.13 Table 3.2
= 1.00

0.74

quit = c Nc SC dc ic + Ysurch Df Nq Sq dq iq + 1J

N, = (Nq - 1) cot(o), b
Nq = e' tanO tan2(ir/4 +

NY= 2 (Nq+ 1) tan (4

SC = 1 + (BIL)(NfNj)
sq = 1 + (B/L) tan 4

SY = 1 - 0.4 (B/L)

For D1,B < 1: dq = 1 + 2 tan t (1 - sin 0)2 D/B
dy= 1

For 4 > 0: dc = dq - (1 -dq) / (Nq tan i)

For i = 0: d. = 1 + 0.4 (DrB)

mB= (2+B/L)/(1 +BIL)

mL= (2+LUB)/(1 +LUB)

If EQH N-S > 0: e1 = tan' (EQH E W I EQH N-S)

m, = mL cos2On + mS sin2 On

For =0: i.= I -(mFH/B'L'cN 0)

jq = { 1 - FHI [(FV + EOQ) + B' L' c cotqij )m

iY = { 1 - FH I[(F + EQO) + B' L' c cot l )}m+l

= 1.00
= 1.00
= N/A

= 1.01

= 1.62

= 1.38

0.41

= 1.42

= 0.82

= 1.00

= 0.00

Nq term
+ 400

Eq 3.26

Eq 3.27

Eq 3.18a

Eq 3.18b

rad

Eq 3.18c

Eq 3.16a

Eq 3.14a

Eq 3.17a

NY term

+ 0
N. term

15,246Gross quit = 15,646 psf =

qan = 14,220 psf = quit I FS

qactuat = 2,970 psf = (F, + EQv) I (B' x L')

FSactuai = 5.27 = quit i qactuw > 1.1 Hence OK

(geot]iO5996Xcalc\bmg-cap\can-xfr.xls
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CONCLUSIONS

OVERTURNING STABILITY OF THE CANISTER TRANSFER BUILDING

The overturning stability of the Canister Transfer Building is analyzed on Pages 8 & 9
using the dynamic loads for the building due to the PSHA 2,000-yr return period
earthquake. These loads, listed in Table 1 (SAR Table 2.6-1 1), were developed based on
the dynamic analysis performed in Calculation 05996.02-SC-5 (SWEC, 1999b) and are
described in SAR Section 4.7.1.5.3. This calculation demonstrates that the factor of safety
against overturning of the Canister transfer Building is > 1.1; therefore, the Canister
Transfer Building has an adequate factor of safety against overturning due to dynamic
loadings from the design basis ground motion.

SLIDING SLIDING STABILITY OF THE CANISTER TRANSFER BUILDING

The Canister Transfer Building (CTB) will be founded on clayey soils. The sliding stability
of the CTB was evaluated using the loads developed in Calculation 05996.02-SC-5 (SWEC,
1999b). The static strength of the clayey soils at the bottom of the CTB mat was based on
the average of two sets of direct shear tests performed on samples of soils obtained from
beneath the Canister Transfer Building at the elevation proposed for founding the mat.

The results of the sliding stability analysis are presented in Table 2 of this calculation, and
they indicate that for all load combinations examined, the factors of safety were
acceptable. The lowest factor of safety was 1.10, which applies for Cases IIIB and lVB,
where 100% of the dynamic earthquake forces act in the east-west direction and 40% act
in the other two directions. These results assume that only one-half of the passive
pressures are available resist sliding and no credit is taken for the fact that the strength of
cohesive soils increases as the rate of loading increases (Schimming et al. 1966.
Casagrande and Shannon, 1948, and Das, 1993); therefore, they represent a conservative
lower-bound value of the sliding stability.

The Canister Transfer Building will be founded on clayey soils that have an adequate
amount of cohesive strength to resist sliding due to the dynamic forces from the design
basis ground motion. As shown in SAR Figures 2.6-21 through 2.6-23, however, some of
the soils underlying the building are cohesionless within the depth zone of about 10 to 20
ft. especially near the southern portion of the building. Analyses were performed to
address the possibility that sliding may occur along a deeper slip plane at the clayey
soil/sandy soil interface as a result of the earthquake forces.

These analyses included the passive resistance acting on a plane extending from grade
down to the top of the cohesionless layer, plus the frictional resistance available along the
top of the coheslonless layer. The weight of the clayey soils existing between the top of the
cohesionless soils and the bottom of the mat was included in the normal force used to
calculate the frictional resistance acting along the top of the cohesionless layer. The factor
of safety against sliding along the top of this layer was found to be 2 1.1 for all of the
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dynamic load cases; therefore, there is an adequate factor of safety against sliding along
the surface of the cohesionless soils underlying the Canister Transfer Building.

Additional analyses of sliding on cohesionless soils, based on Newmark's method for
estimating displacements of dams and embankment due to earthquakes, were performed
to define the upper bound of potential movement that might occur due to the earthquake if
the mat was founded directly on cohesionless soils. In these analyses it was postulated
that the cohesionless soils extend above the depth of about 10 ft and the structure is
founded directly on the cohesionless materials. Several conservative assumptions were
made in these analyses, and even with this high level of conservatism, the estimated
relative displacement of the building ranged from 0.5 inches to 1.2 inches.

Motions of this magnitude, occurring at the depth of the silty sand/sandy silt layer, would
likely not even be evident at the ground surface. For the building to slide, a surface of
sliding must be established between the horizontal sliding surface in the silty sand/sandy
silt layer and through the overlying clayey layer. In the simplified model used to estimate
these displacements, the contribution of this surface of sliding through the overlying
clayey layer to the dynamic resistance to sliding motion is ignored, as is the passive
resistance that would act on the embedded portion of the building foundation and the
block of soil that is postulated to be moving with it. It is likely, moreover, that should
such slippage occur within the cohesionless soils underlying the building, it would
minimize the level of the accelerations that would be transmitted through the soil and into
the structure. In this manner, these cohesionless soils would act as a built-in base-shear
isolation system. Any decrease in these accelerations as a result of this would increase
the factor of safety against sliding, which would decrease the estimated displacements as
well. Further, since there are no important-to-safety systems that would be severed or
otherwise impacted by movements of this small amount as a result of the earthquake,
such movements do not adversely affect the performance of the CTB.

BEARING CAPACITY

STATiC BEARING CAPACITY OF THE CANISTER TRANSFER BUILDING

Table 2.6-9 presents the results of the bearing capacity analyses for the following static
load cases. The minimum factor of safety required for static load cases is 3.

Case IA Static using undrained strength parameters (4 = O0 & c = 3.18 ksf).

Case IB Static using effective-stress strength parameters (4 = 300 & c = 0).

As indicated in this table, the gross allowable bearing pressure for the Canister Transfer
Building to obtain a factor of safety of 3.0 against a shear failure from static loads is
greater than 6 ksf. However, loading the foundation to this value may result in
undesirable settlements. This minimum allowable value was obtained in analyses that
conservatively assume 4 = 0° and c = 2.2 ksf, as measured in the UU tests that are
reported in Attachment 2 of Appendix 2A of the SAR, to model the end of construction.
Using the estimated effective-stress strength of 4 = 30° and c = 0 or the total-stress
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strength of = 21.10 and c = 1.1 ksf, as measured in the consolidated undrained triaxial
shear tests performed on samples obtained from the Canister Transfer Building area
(Attachment 6 of Appendix 2A of the SAR), results in higher allowable bearing pressures (>
20 ksf).

DYNAMiC BEARiNG CAPACITY OF THE CANISTER TRANSFER BUILDING

The dynamic bearing capacity was analyzed using the dynamic loads for the building that
were developed in Calculation 05996.02-SC-5, (SWEC, 1999b). The development of these
dynamic loads is described in SAR Section 4.7.1.5.3. As in the structural analyses
discussed in Section 4.7.1.5.3., the seismic loads used in these analyses were combined
using 100% of the enveloped zero period accelerations (ZPA) in one direction with 40% of
the enveloped ZPA in each of the other two directions.

Table 2.6-10 presents the results of the bearing capacity analyses for the following cases,
which include static loads plus dynamic loads due to the earthquake. The minimum
factor of safety required for dynamic load cases is 1.1.

Case II 100%N-S direction, 0% Vertical direction, 100% E-W direction.

Case IIIA 40% N-S direction, -100% Vertical direction, 40% E-W direction.

Case HIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.

Case IIIC 100%N-S direction, -40% Vertical direction, 40% E-W direction.

Case IVA 40% N-S direction, 100% Vertical direction, 40% E-W direction.

Case IVB 40% N-S direction, 40% Vertical direction, 100% E-W direction.

Case IVC 100%N-S direction, 40% Vertical direction, 40% E-W direction.

Table 2.6-10 indicates the minimum factor of safety against a dynamic bearing capacity
failure was obtained for Load Case IIIB, the load combination of full static with 40% of the
earthquake loading acting in the N-S direction, 40% acting in the vertical direction,
tending to unload the mat, and 100% acting in the E-W horizontal direction. This load
case resulted in an actual soil bearing pressure of 3.31 kips per square foot (ksf).
compared with an ultimate bearing capacity of -9 ksf. The resulting factor of safety
against a bearing capacity failure for this load case is -3, which is much greater than 1.1,
the minimum allowable factor of safety for seismic loading cases. In these analyses, no
credit was taken for the fact that strength of cohesive soil increases as the rate of loading
increases. Therefore, the Canister Transfer Building has an adequate factor of safety
against a dynamic bearing capacity failure.
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Foundation Loadings for the Canister Transfer Building
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Table 2

Sliding Stability of Canister Transfer Building Using Average Shear Strength from Direct Shear
Tests Under Building and Half of Passive Resistance With, a 1-ft Deep Perimeter Key
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TABLE 2.6-9

SUMMARY - ALLOWABLE BEARING CAPACITY OF CANISTER TRANSFER BUILDING

Based on Static Loads

013 t3L GROSS EFFECTIVECase Fv EQH N-S EO Ew ZM*N-S EMeE-W e EQH N-s GB qS ea eL B' Lo qFCI uaI FSactual

k k k ft-k ft-k deg deg ksf ksf ft ft ft ft ksf
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Strength

IB - Static
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Factor of safety for static loads.
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PL = tan"1 (EQH N.S) / Fv I = Angle of load inclination from vertical (deg) as f(length).
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FIGURE IL

FOUN~DATION SCHEMIATIC & COORDINATE SYSTEM

X.
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A "I -

i b r :--z-' , FC-

Note: The coordinate system is consistent with that used in Calculation 05996.02-SC-5.
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FIG1JRE 2

CANISTER TRAN(SFER BUILDING STICK MODEL
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Note: From Calculation 05996.02-SC-5, Rev 1.
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FIGURE 4

DETERMINATION OF WEIGHTED AVERAGE VALUE OF Su BASED ON RELATIVE

STRENGTH DIFFERENCE OF DEEPER LYING SOILS MEASURED IN CONE
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FIGURE 5

ESTIMATE STRESSES UNDER THE CANISTER TRANSFER BUILDING AT
COMPLETION OF CONSTRUCTION
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STANDARDIZED DisPLCMENT FOR NoRmALIZED EARTHQuAKEs
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Private Fuel Storage Facility PP 5-21-1
Attachment 2
Page 1 of 2

QA CATEGORY I
CALCULATION CHECKLIST

Calculation No. 05996.02-G(B)-13
Revision No. 3

Project No. 05996.02
Job Book File Location Q2.9

Yes No N/A

Method

Identify the method used to verify the "Method" of the calculation

* By design review
* Compare the Method with another calculation
* Alternate calculation

If the compare method was used, is the statement identifying
the other calculation identified in this calculation?

If an alternate calculation was used for a QA Category I
calculation, is it included with the calculation?

Is the calculation method acceptable?

Assumptions

Affirmative answers to the following questions are required:

* Are all assumptions uniquely identified as assumptions and
adequately described?

* Are all assumptions reasonable?

* Are all assumptions that require confirmation at a later date
specifically identified as assumptions that must be confirmed?

For Revisions to the Calculation

* Are changes clearly identified?

* For QA Category I calculations, is a reason for the revision given?

* Does the calculation identify the calculation, including revision,
when applicable, which is superseded?
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QA CATEGORY I
CALCULATION CHECKLIST

Calculation No. 05996.02-G(B)-13 Project No. 05996.02
Revision No. 3 Job Book File Location Q2.9

Yes No N/A

* Are affected pages identified with the new calculation number or _V/ _
revision number?

* When applicable, is an alternate calculation included as part of V7
the calculation?

* When applicable, is a statement identifying the calculation to -1/

which the method was compared included as part of the revision?

Thomas Y. Chana W-_ ___ 6 - _

Printed Name Signature Date
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4.0 ASSUMPTIONS AND MODELING OF THE CASK I PAD
SIMULATION

The assumptions employed in the modeling of the cask/pad dynamic system and

the details of the equation development are identical to those employed in the

previous analyses and are not repeated here. A recent technical paper contains

similar information regarding methodology, acceptance criteria, and modeling of

the H-STAR 100 (metal cask) Storage System [5].
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EX3'IBIT B ACl 230.1 R-90

(Reapproved 1997)

State-of-the-Art Report on Soil Cement

reported by ACI Committee 230

Wayyne S. Adaska, Chairman

Ara Arman
Robcrt T. Barclay
Theresa J. Casiti
David A. Crocker

Richard L. De Grasffenreid
Joba R. Hass
Robert R. Kuhiman
Paul E. Mueller

Harry C. Roof
Dennis W. Super
James M. Winford

nvwar E. Z. Wi iSE

Soil cement is a densely compaetsd mixrureqof portland cement, soil,
aggregate, and water. Used primarily as a base material for pave
ments, sail cement is also being used for slope protection. low
permeabilithy ilers, foundation stabilization, and other appications
77tis report contains injrormrlon on applications, material proper
lies, mix proportioning, construction, and quality-controt inspectioi
and lesting procedures Jor soil cement. This report's intent is to pro
vide basic infornation an soil-cemenr technology with emphasIs or
aurrenr practice regarding design, tfsting, and cottstruction.

tVeywardst sggrezales; base courses; cenira mixing plant; compacluag; con
3tructiOn; fine aggregares; roundmions: IUnings: mining; mix proponioning
moisture canLewn pavements; portland cerentts: rotertics slope protection
soil cement; soUr soil stabilizxtign;, sol LeCt5s siabilisation IrJts; vibrinion.

CONTENTS
Chapter 1-Introduction

1. I -Scope
1.2-Definilions

Chapter 2-ApplIcations
2.1-Ceneral
2.2-Pavements
2.3-Slope protection
2 .- Liners
2.5-Foundation stabilization
2.6-Miscellaneous applications

Chapter 3-Materials
3.1-Soil
3 .2-Cement
3.3-Admixtures
3.4-Water

Chapter 4-Properties
4. I-General
4.2-Density
4.3-Compressive strength

AC] Committee Reports, Guides, StAndard Practictes and
Commentaries are intended for guidance in designing, plan-
ning. exrecuting, or inspectiag construction and in preparing
specifications. Refercnces to these documents shall not be
made in the Project Documents. If itemS found in these doc-
uments are desired to be a part of the Project Documents, they
should be phrased in mandatory language and incorporated
into the Project Documcnts.1N_

4.4-Flerxural strength
4.5-Permeability
4.6-Shrinkage
d.7-Layer coefficients and structural members

Chapter 5-Mix proportioning
5.1-General
S .2-Proocrtioning critcria
5.3-Special considerations

Chapter 6-Construction
6.1-General
6.2-Materials handling and mixing
6.3-Compaction
6.4-Finishing
6.5-Joints
6.6-Curing and protection

Chapter 7-Oualily-conlrol testing and
inspection

7.1-General
7.2-Pulverization (mixed in nlace)
7.3-Cement-content control
7.4-Moisture content
7.5-Mixing
7.6-Compaction
7.7-Lift thickness and surface tolerance

Chapter 8-References
8.l-Spcified references

B.2-Cited refercnces

1-INTROOUCTION
1.1-Scope

This state-of-the-art report contains information on
applications, materials, properties, mix proportioning.
design, construction, and quality-control inspection and

ACr Materials Journal, V. 87. No. 4* July-August 1990.
Pertinent discsaninn of the full report will be published it) the March-April

1991 ACIJMaftrils Jourat if received by Nov. I 1990.
All rights rcsrved. including rights of reproducnion and use in an, rCnom or

by any means. including the myking of copia by any photo process. or by any
electronic or mechanical device, printed. wrmtben, or oral, or Ys&rding t[e s2ound
or "isual repoducdn for use in any knowledge or reirie-al system or davica.
unless prermnission in writnt is obt-ined from the copytiht propticeort.

230.1 R-1



SOIL CEMEN4T231 -230.1 A-9
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Fig. 4.1-Typical moislure-density curve

Table 4.1 - Ranges of unconfined compressive
strengths of soil-cement"s
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Soaked compressive
sireng ih si)

Soil type 7-day 28-day
Sondy and gravelly soils:

AAS1HTO groups A-I1. A-2, A-3
Unified groups GW, GC, OP,
GM, SW, SC, SP. SM 300-600 400-2000

Silty soils:
AASHTO groups A-4 and A-5
Unified groups ML and CL 250-500 300-900

Clayey soils:
AASHTO groups A-6 and A-7
Unified groups MIH and CH 2.00-400 250-600

5spftimcis miolis-cuted 7 or 2I days. then) soakind in wuicl prior io sirenzilh

4.3-Compressive strength
Unconfined compressive strengthf is the most

widely referenced property of soil cement and is usu-
ally measured according to ASTIM D 1633. It indicates
the degree of reaction of the soil-cerment-water mixture
and the rate of hardening. Compressive strength serves
as a criterion for determining minimum cement re-
quirements for proportioning soil cement; Because
strength is directly related to density, this property is
affected in the same manner as density by degree of
compaction and water content.

Typical ranges of 7. and 28-day unconfined com-
pressive strengths for soaked, soil-cement specimens are
given in Table 4.1. Soaking specimens prior to testing
is recommended since most soil-cement structures may
become permanently or intermittently saturated during
their servicc life and exhibit lower strcrsgth under satu-
rated conditions. These data are grouped under broad
textural soil groups and include the range of soil types
normally used in soil-cement construction. The range of
values given are representative for a majority of soils

0 la is 20 25

CEMNTCON~TENr4* BY WEIMMT

Fig. 4.2-Relationship betWeen Cement Content and
unconfined compressive strength for soil-cement mix-
tures

normally used In the United States in soil-cement con-
struction, Fig. 4.2 shows that a linear relationship can
be used to approximate the relationship between com-
pressive strength and cement content, for cement con-
tents up to 15 percent and a curing period of 28 days.

Curing time influences strength gain differently de-
pending on the type of soil. As shown in Fig. 4.3, the
strength increase is greater for granular soil cement-
than for fine-grained soil cement.

4.4- Flexural (tensile) strength (modulus of
rupture)

Flexural-beam tests (ASTM D 1635), direct-tension
tests, and split-tension tests have all been used to eval-
uate flexural strength. Flexural strength is about one-
fifth to one-third of the uncoinfined compressive
strength. Data for some soils are shown in Fig. 4.4. The
ratio of flexural to compressive strength is higher in
low-strength mixtures (up to 1/3J,') than in high-
strength mixtures (down to less than 1/5 f,). A good
approximration for the flexural Strength R is"

,R - 0.51 (f,!)ch

where
R flexusral strength, psi
f = unconfined compressive strength, psi


