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APPLICANT'S RESPONSE TO STATE OF UTAH’S REQUEST
TO MODIFY THE BASES OF LATE-FILED CONTENTION UTAH QQ IN RE-
SPONSE TO FURTHER REVISED CALCULATIONS FROM THE APPLICANT

I. INTRODUCTION

Applicant Private Fuel Storage L.L.C. (“Applicant” or “PFS”) hereby responds to the
State of Utah’s (“State”) “Request to Modify the Bases of Late-Filed Contention Utah QQ in Re-
sponse to Further Revised Calculations from the Applicant,” filed June 19, 2001 (“Request™).
The State asserts that the revised calculations filed by Applicant on May 31, 2001 require the
modification of the bases of proposed Contention Utah QQ (“Proposed Utah QQ”) because the
revised calculations “inaccurately conclude there are adequate factors of safety against sliding.”
Request at 2. The State further alleges, with respect to the sliding analyses of the storage cask
pads, that the newly revised calculations have four deficiencies: (1) the inertial forces acting on
the pads are not properly taken into account in the analyses; (2) the calculations treat the but-
tressing effect of cement-treated soil inconsistently; (3) PFS has failed to address impacts that af-
fect the adhesive strengths of various foundation interfaces; and (4) PFS has not conducted an
adequate longitudinal analysis of the storage pads. Id. at 3. With respect to the Canister Transfer
Building (“CTB”), the State does not assert any “new” bases, but merely alleges that “PFS still

persists in assuming that the passive resistance of cement-treated soil around the CTB is avail-
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able to resist sliding.” Id. at 8. Thus, the Request raises no matters with respect to the CTB
that need to be addressed herein.’

The modifications that the State seeks to make to Proposed Utah QQ, however, do not
constitute admissible new contentions or bases therefor. The “new” claims propounded by the
State are in many cases not new, since they are merely restatements of the allegations made in
Proposed Utah QQ, and are therefore inadmissible for the reasons stated in Applicant’s opposi-
tion to the admission of Proposed Utah QQ.? In a few other cases, the claims are “new” in the
sense that they have not been raised before by the State. However, such claims do not meet the
requirements for late-filed contentions, since they could have been asserted in a timely manner
years ago and, in any event, could have been raised as part of Proposed Utah QQ, so their late-
ness is compounded twofold without any justification.’

Accordingly, the State’s Request should be denied.

IL. BACKGROUND

On December 16, 1999, Applicant filed License Application (“LA””) Amendment No. 8
(“LA 87). This amendment incorporated soil cement into the design of the PFS facility, to be
used beneath and around the spent fuel cask storage pads. The documentation filed with LA 8

included specifications for the soil cement, including the use of American Concrete Institute

' At one point, the Request states that “PFS has failed to demonstrate that the shallow foundation system of the ...
CTB will support the inertial loads for the design basis ground motions at the ISFSI site.” Request at 2. How-
ever, nowhere in the Request or in the attached Declaration of Dr. Stephen F. Bartlett (“Bartlett Declaration™) is
there any support for this statement. Accordingly, there is no factual basis to support this bald assertion and it
must be rejected as being inadmissible as a contention. See, €.g., Private Fuel Storage, L.L.C. (Independent Fuel
Storage Installation), LPB-98-7, 47 NRC 142, 180-81 (1998); Georgia Institute of Technology (Georgia Tech
Research Center, Atlanta, Georgia), LBP-95-6, 41 NRC 281, 306 (1995), vacated in part and remanded on other
grounds, CLI-95-10, 42 NRC 1, aff’d in part, CLI-95-12, 42 NRC 111 (1995).

Applicant’s Response to State of Utah’s Request for Admission of Late-Filed Contention Utah QQ, dated May

30, 2001 (“Applicant’s Response to Proposed Utah QQ”).

3 As discussed below and in the enclosed Declaration of Paul J. Trudeau (“Trudeau Declaration™) the attempts by
the State to justify its belated attempt to modify Proposed Utah QQ on the grounds of alleged changes in the
sliding resistance calculation for the storage pads are unavailing, since there have been no material changes in
that calculation. The revised calculations filed on May 31, 2001 introduced no new or different analyses from
those filed on March 30, 2001, but only provided greater detail regarding the identification of the potential fail-
ure modes, failure planes, and shear strength of the pads. See Trudeau Declaration § 6.

18]



(“ACI™) standards to govern the procedures for placement and treatment of the soil cement.* The
calculations for the sliding stability of the cask storage pads under seismic loads were also re-
vised to incorporate the effects of the use of soil cement. License Amendment No. 9, submitted
on February 2, 2000.°

On June 23, 2000, Applicant submitted LA 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.”® In terms of methodology rele-
vant to the State’s Request, the revised calculations submitted with LA 13 continued to apply the
same assumptions and methods as the previous versions of the calculations.’

On March 30, 2001, PFS filed LA Amendment 22 (“LA 22”) which provided revised de-
sign basis ground motions, derived from the use of additional soils data.® On April 26, 2001, the
Board issued an order setting May 16, 2001, as the due date for a State submission of a proposed
contention regarding “[CTB] design including use of soil cement, or revisions to storage pad

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

9
analyses.”

* SARat2.6-91 (Rev. 8). See Exhibit A to Applicant’s Response to Proposed Utah QQ, item 15 for further de-
tails.

3 See Exhibit A to Applicant’s Response to Proposed Utah QQ, item 1.

¢ 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 to Applicant’s Response to Proposed Utah QQ, item 12.

7 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 that were challenged by the State in Proposed Utah QQ. See Attachments 1 and 2 to Exhibit A to Ap-
plicant’s Response to Proposed Utah QQ. .

8 PFS letter, Parkyn to NRC dated March 30, 2001 and attachments thereto. At the time LA Amendment 22 was
submitted, PFS issued revised versions of SWEC Calculation No. 05996.02-G(B)-4 (Reviston 7) (“Cask Storage
Pad Stability Calc. Rev. 7) and SWEC Calculation No. 059906.02-G(B)-13 (Revision 4) (“Canister Transfer
Building Stability Calc. Rev. 47).

°  Memorandum and Order (Schedule for Late-Filed Submissions Regarding License Application Amendment and
Page Limit Extension) (April 26, 2001) at 2.
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On May 7, 2001, the NRC Staff advised that it could not determine a schedule for com-

pletion of its review of LA 22 until certain information was provided including, inter alia, the

following:

Revised analyses of the stability of the storage pads to include a
clear identification of the potential failure modes and failure sur-
faces and the material strengths required to satisfy the regulatory
requirement, considering the critical failure modes and failure sur-

10
faces.

On May 16, 2001, the State filed its request to admit Proposed Utah QQ. On May 31,
2001, Applicant filed its Response to Proposed Utah QQ. On the same date, Applicant submitted
to the NRC Staff Revision 8 to Calculation No. 05996.02-G(B)-04 (“Cask Storage Pad Stability
Calc. Rev. 87) and Revision 5 to Calculation No. 05996.02-G(B)-13 (*Canister Transfer Build-
ing Stability Calc. Rev. 5). These revised calculations provided the additional description re-
quested by the Staff as to the potential failure modes, failure planes, shear strength available to
resist sliding along those planes, and also provided calculations of the factors of safety against
sliding along those planes. Trudeau Declaration § 6. However, the underlying analyses and as-
sumptions have remained unchanged between these and the previous revisions of the two calcu-
lations. Id."

On June 19, 2001, the State filed its Request to modify the bases of Proposed Utah QQ.
On June 20, 2001, the Board issued an Order setting July 3, 2001 as the date for filing responsive

pleadings to the State’s Request. The instant Response is filed pursuant to the Board’s Order.

' Attachment, “Data Needed for the Completion of the PFS LA Amendment”, to letter dated May 7, 2001 from E.
William Brach (NRC) to John D. Parkyn (PFS), “Soil Engineering” section, item 3.

"' As the Commission has ruled in the past, Boards should have available for their review the documents cited by
intervenors so they can assess on their own the accuracy of the characterization of those documents in proposed
contentions. See Vermont Yankee Nuclear Power Corporation (Vermont Yankee Nuclear Power Station),
ALAB-919, 30 NRC 29, 48 (1989); vacated in part on other ground and remanded, CL1-90-4, 31 NRC 333

(1990); see also Yankee Atomic Electric Company (Yankee Nuclear Power Station), LBP-96-2, 43 NRC 61, 90

(1996). The State has failed in its Request to provide copies of the sliding resistance calculations. Applicant is

therefore providing as Exhibits to Mr. Trudeau’s Declaration copies of the relevant excerpts of those calcula-

tions. Those exhibits show that the calculations are essentially equivalent in all significant respects in going

from one revision to the next, and arrive at the same critical results. See, ¢.g., Trudeau Declaration § 7.




III. LEGAL STANDARDS

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).

For the reasons discussed below, the State has failed to show good cause for its late fil-
ing."” The Board has ruled in this proceeding 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). Private Fuel Storage, L.L.C., supra, LBP-98-7, 47 NRC at 208.

In the present instance, like in the case of Proposed Utah QQ), the State has not made a compel-
ling showing on the other four factors to compensate for its extreme lateness. Therefore, the Re-
quest fails to satisfy the admissibility standards of 10 C.F.R. § 2.714(a)(1).

IV.  APPLICATION OF LEGAL STANDARDS TO CLAIMS RAISED IN RE-
QUEST TO MODIFY UTAH QQ SHOWS THAT THE MODIFICATION

IS NOT ADMISSIBLE
A. UNTIMELINESS AND REPETITIVENESS OF STORAGE CASK
PAD CLAIMS

In the Request for modification of Proposed Utah QQ), the State has asserted four “new”
challenges to the sliding resistance calculation for the storage pads (Cask Storage Pad Stability
Calc. Rev. 8). As discussed earlier, these challenges are: (1) the inertial forces acting on the pads

are not properly included in the analysis; (2) the calculation treats the buttressing effect of ce-

2" When, like here, the sole alleged justification for the late filing of a contention is the issuance of a licensing-
related document, lateness is only justified if the information in the document was not previously publicly avail-
able. Duke Power Co. (Catawba Nuclear Station, Units 1 and 2), CLI-83-019, 17 NRC 1041, 1045 (1983). As
discussed below, the information contained in the revised calculations cited by the State has been available pre-
viously for months or years, and therefore the issuance of the revised calculations provides no excuse for the

State’s lateness.



ment-treated soil inconsistently; (3) PFS has failed to address impacts that affect the adhesive
strengths of various foundation interfaces; and (4) PFS has not conducted an adequate longitudi-

nal analysis of the storage pads. None of these challenges amount to an admissible contention.

1. Inertial Forces Acting on Storage Cask Pads

The State challenges PFS’s assumption, in one of its sliding resistance analyses for the
storage cask pads (in which the casks are assumed to rest on native soil and no credit is taken for
the effects of the soil cement), that the cement pad and the cement-treated soil will act as an inte-
gral block and transfer all inertial forces to the top of the native soil, because PFS has not incor-
porated the mass of the pad and the underlying cement-treated soil into the calculation. Request
at 4. However, this analysis has remained unchanged since the filing of LA 8 in 1999, in which
PFS included soil cement as part of the design of the storage cask and pad system.” Trudeau
Declaration § 10. Thus, this contention could have been raised then and is impermissibly late
now.

The State, however, asserts that there was no reason to raise this issue in relation to prior
revisions of the analysis, including Revision 7, because its use there was “hypothetical.” Re-
quest at 5. However, there is nothing hypothetical about this methodology, which is utilized
consistently in both Revisions 7 and 8 to compute the minimum factor of safety against sliding,
which is conservatively obtained by taking no credit for the presence of soil cement. Trudeau
Declaration §Y 7, 13.

2. PFS Has Treated the Buttressing Effects of Soil Cement Con-
sistently and Revision 8 of the Cask Storage Pad Stability Cal-
culation Raises No New Issues Related to this Treatment

The State further asserts, as a basis for its request to modify Proposed Contention QQ,
that in Revision 8 to the Cask Storage Pad stability analysis “PFS presents a confusing and in-

consistent design approach in considering whether or not the passive resistance provided by ce-

> PFS Letter, Parkyn to NRC, License Application Amendment No. &, dated December 16, 1999, SAR, Rev. 8 at
2.6-84 10 2.6-91.



ment-treated soil will have a ‘beneficial effect’ on the factor of safety against sliding.” Request
at 6-7. This proposed basis presupposes that there is an inconsistency in PFS presenting two sets
analyses, one showing the results of a calculation that takes credit for the properties of the soil
cement and another one that, for added conservatism, does not take credit for those properties in
order to show that, regardless, the PFSF meets regulatory requirements. See Trudeau Declara-
tion § 10. No such inconsistency exists. Id. Instead, it is typical, and expected, of an Applicant
to provide analyses based on a variety of scenarios. For that reason, the State’s demand that
“PFS should either include the passive resistance scenario and address all the attendant short-
comings with the use of cement-treated soil or eliminate that concept from its analyses™ (Request
at 7) is entirely without factual or legal support.

More importantly, the State’s assertion is by its own admission inexcusably late. The
calculations that the State now argues are “inconsistent” would have been equally “inconsistent”
in Revision 7 of the calculation. The State admits that Revision 8 has not changed from Revision
7 in this respect when it states: “Revision 8 still persists in using the same ‘beneficial effect’
without any analysis whatsoever of the tensile strength of the cement-treated soil.” Request at 6
(emphasis added). In explaining why the PFS approach is incorrect, the State explains that “PFS
cannot claim any ‘beneficial effect” from cement-treated soil unless and until it addresses several
possible failure mechanisms regarding cement-treated soil’s ability to withstand dynamic bend-
ing, torsional, and beam shear stresses; its long-term durability without cracking or without sig-
nificant shear strength degradation; and its interaction with soil chemistry. Bartlett Dec. 4 10.”
Id. This argument, as explicitly acknowledged by Dr. Bartlett, is lifted directly from Proposed

Utah QQ and is therefore neither “new” nor timely.'* See also, Trudeau Declaration § 15.

" As Dr. Bartlett writes: “Left unaddressed in G(B)-04, Rev. 8, are the cement-treated soil’s ability to withstand
dynamic bending, torsional, and beam shear stresses; its long-term durability without cracking or without sig-
nificant shear strength degradation; and its interaction with soil chemistry. See Utah QQ, Bartlett Dec. 9 13, 15
and 17; Mitchell Dec. §13." Bartlett Declaration J 10.



The State admits that it was aware of its asserted “deficiency” in the calculation’s failure
to consider bending and torsional stresses even before the filing of Utah QQ, since the State re-
fers to the fact that it brought this asserted deficiency to the attention of PFS during the Novem-
ber 2000 deposition of PFS witness Paul Trudeau."® Therefore, this alleged basis even if “new”
would in any event be untimely because it is based on facts of which the State has been aware for
at least more than six months.

In short, this “new” basis is both not new and inexcusably late and must therefore be re-
jected.

3. PFS’s Treatment of the Adhesive Strengths of Various Foun-
dation Interfaces has not Changed in the Revision 8 Analyses

The State asserts as a “new” basis that PFS’s calculations in Cask Storage Pad Stability
Calc. Rev. 8 make improper assumptions about the adhesion between the base of the pad and the

underlying clayey soils. Request at 7. The State goes on to explain its argument by stating that:

What Revision 8 still does not address is the impact of increased
water content, disturbance and remolding to the strength of the
partly saturated silty clay/ clayey silt soils beneath the cement-
treated soil, and, thus, PFS cannot take credit in its analysis for the
static undrained strength of the clayey soils being “fully engaged.”
Bartlett Dec. q11.

Request at 7. Again, this claim is expressly acknowledged to be a repetition of allegations made
during written discovery and depositions concerning contention Utah L as well as in Proposed
Utah QQ, and is accordingly not new. '® Moreover, State witness Dr. Bartlett was aware of the
adhesion assumption made by PFS and signified his agreement with it during his deposition in

November 2000. See Trudeau Declaration § 15. The State should have raised any issues it had

 See Request at 7; Bartlett Declaration § 10 and Exhibit A.

' Dr. Bartlett identifies the source of this allegation as follows: “The Applicant has still not addressed the signifi-
cant concerns expressed by State and its experts during written discovery and depositions in Utah L and, most
recently, in Dr. James Mitchell's May 16, 2001 Declaration 14, supporting Utah QQ. Not in calculation G(B)-
04, Rev. 8 or elsewhere, has the Applicant addressed the impact of increased water content to the adhesion of the
partly saturated silty clay, clayey silt soils beneath the cement-treated soil. Changes in water content in this layer
could impact the settlement, strength, and the adhesion between the soil and the soil-cement. See Utah QQ,
Mitchell Dec. § 14.” Bartlett Declaration § 1 1.



with the assumptions underlying this calculation, including the assumption that the static
undrained strength of the clayey soils underlying the site can be fully engaged to prevent sliding,
when the calculation’s methodology was first set forth, long before the filing of Proposed Utah
QQ. Trudeau Declaration § 16.

4. The State’s Claim Regarding PFS’s Longitudinal Analysis of
the Storage Pads Are Unjustifiably Late

The State’s last “new’ basis is that PF'S has incorrectly calculated the factor of safety
against sliding of individual pads in the longitudinal direction. Request at 7. This claim is based
in part on the previously-discussed assertion that PFS has failed to properly account for the iner-
tial force of the soil cement, and is inadmissible for the reasons indicated above in connection
with that claim.

The second “error” asserted by the State against the computation of the factor of safety
against cask sliding in the longitudinal direction is that “PFS has used an incorrect peak
undrained strength to represent the soil’s shear resistance for the high levels of inertial forces in-
troduced by the new design basis ground motions.” (Request at 7). The State, however, un-
abashedly admits that “[t]his issue is a long-standing dispute between PFS and the State in Utah
L and it still persists in Revision 8. (Id. at 7-8). Thus, by the State’s own admission, this is not

a new matter and to assert it at this time is impermissibly late.

B. UNTIMELINESS AND REPETITIVENESS OF CLAIMS AGAINST
THE SEISMIC STABILITY ANALYSIS OF THE CTB

With respect to the stability analysis of the CTB, the State asserts that “PFS still persists
in assuming that the passive resistance of cement-treated soil around the CTB is available to re-
sist sliding.” (Response at 10, emphasis added). The State also argues that “[t]he new analyses
in Revision 5 do not overcome the concerns raised in Utah QQ because the Applicant sti// inap-
propriately relies on the passive pressure from cement-treated soil to resist seismic loading.™ 1d.

(emphasis added). Thus, the issue that the State has with the PFS calculation is one that, by the



State’s own admission, it has already raised in Proposed Utah QQ. See Trudeau Declaration §
17. No modification of the proposed contention is therefore warranted.

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

The State argues that the requested modification is timely, “because it is being filed in
less than 20 days of receipt of the two revised seismic stability analyses [sic] calculations for the
pads and CTB,” and “the revised calculations raise new safety concerns.” For the reasons dis-
cussed above, this argument is invalid. Each of the issues that the State seeks to raise were either
raised in Proposed Utah QQ, or could have been raised then or much earlier. As such, the re-
vised calculations raise no new safety concerns. Thus, the State lacks good cause for late-filing
this request to modify the bases of Proposed Utah QQ.

Lacking good cause for a 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, citations omitted). The four remaining factors are: (ii) the availability of
other means to protect the petitioner’s interest, (ii1) 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. Of those factors, the third and fifth are to be accorded more weight
than the second and fourth. Id.

The State seeks to broaden both the scope of Proposed Utah QQ and the scope of the pro-
ceeding with these issues. Thus, factor five weighs against the admission of the contention
which encompasses a broad range of issues relating to soil cement and other seismic design is-
sues that are not currently being litigated in this proceeding.

The admission of the modification would do little to develop a sound record, the third
factor in 10 C.F.R. § 2.714(a)(1). The modifications to Proposed Utah QQ are in most cases a

rehash of the issues that the State is seeking to raise in Proposed Utah QQ. Thus, litigation of the

10



modifications to Proposed Utah QQ would be repetitive and do nothing to develop a sound rec-
ord on which a licensing decision can be made at this time.

With respect to factor two. even if there are not other means to protect the State’s interest
on this issue, 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 against the modification of Proposed Utah QQ. The State has clearly failed to

make the compelling showing required to overcome its lack of good cause for its late filing.

V. CONCLUSION

For the foregoing reasons, PFS submits that the State’s Request to modify Proposed

Contention Utah QQ fails to raise a litigable contention and should be denied.

Respectfully submitted,

o -Tmitin™

Jay' E. §ilber'g
Ernest L. Blake, Jr.
Paul A. Gaukler
Matias F. Travieso-Diaz
SHAW PITTMAN LLP
2300 N Street, N.W.
Washington, DC 20037
Dated: July 3, 2001 Counsel for Private Fuel Storage L.L.C.
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In the Matter of
PRIVATE FUEL STORAGE L.L.C.

(Private Fuel Storage Facility)

1.

UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

Docket No. 72-22

DECLARATION OF PAUL J. TRUDEAU

Paul J. Trudeau states as follows under penalty of perjury:
[ am a Senior Lead Geotechnical Engineer at Stone & Webster, Inc. (“S&W”) in
Stoughton, Massachusetts. I provide this declaration in support of “Applicant’s Re-
sponse to State of Utah's Request to Modify the Bases of Late-Filed Contention Utah
QQ in Response to Further Revised Calculations From the Applicant.” T have re-
viewed the proposed Contention Utah QQ (“Proposed Utah QQ”), as submitted by
the State of Utah (*State”) in this proceeding, the State of Utah's “Request to Modify
the Bases of Late-Filed Contention Utah QQ in Response to Further Revised Calcu-
lations from the Applicant” (*Request”), and the supporting Declaration of Dr. Steven
F. Bartlett dated June 19, 2001 (*Bartlett Declaration™). I will address those docu-

ments in this Declaration.

My professional and educational experience is summarized in the curriculum vitae
attached as Exhibit 1 hereto. [ have twenty-eight years of experience in geotechnical

engineering. Geotechnical engineering is the branch of civil engineering that con-



(8]

cerns itself with subsurface soil investigations and analyses of foundations in support

of the design of structures.

S&W is the Architect/Engineer for the Private Fuel Storage Facility (“PFSF™) under
contract with Private Fuel Storage, L.L.C. ("PFS”). As such, it coordinates the facil-
ity design activities, including the studies needed to characterize the PFSF site and
establish its suitability. My particular areas of concentration on the PFSF project are
the analysis of soils — settlement, bearing capacity, and stability of foundations — as
well as the conduct of soils investigations, laboratory testing of soils to measure static
and dynamic properties, and the performance of computer-aided analyses of the be- |

havior of soils and structures under static and dynamic loading conditions.

[ have been lead geotechnical engineer for the PFSF since December 1997. In that
capacity, I have supervised the conduct of the subsequent subsurface investigations,
laboratory testing programs, and geotechnical analyses that have been conducted on

behalf of PFS to support the design of the site structures.

Part of my duties as lead geotechnical engineer is to perform, or direct the perform-
ance of, analyses of the response of the PFSF structures to the forces imparted by
postulated seismic events. In particular, [ was responsible for the preparation of
Stone & Webster Calculation Nos. 05996.02-G(B)-04, Rev. 8, Stability Analyses of
Cask Storage Pads (May 31, 2001) (*“Cask Storage Pad Stability Calc. Rev. 8”), and
05996.02-G(B)-13, Rev. 5, Stability Analyses of Canister Transfer Building (May 31,
2001) (*Canister Transfer Building Stability Calc. Rev. 57). Both calculations were
updated versions of calculations of the same respective titles, issued on March 30,

2001 (*Cask Storage Pad Stability Calc. Rev. 77 and “Canister Transfer Building Sta-



bility Calc. Rev. 47). Copies of relevant excerpts from the four cited calculations are

included as Exhibits 2 through 5 hereto.

The above-cited calculations were revised in May 2001 to include a clear identifica-
tion of the potential failure modes, failure planes, shear strength available to resist
sliding along those planes, and the factors of safety against sliding along those planes,
as requested by the Staff of the U.S. Nuclear Regulatory Commission (“Staff™).

However, the underlying analyses and assumptions remain unchanged between the

two sets of calculations.

One of the sliding analyses performed by PFS (in both Rev. 7 and Rev. 8), demon-
strates the conservatism built into the cask storage pad stability analyses by assuming
that the casks are resting upon native clayey soil and taking no credit for the presence
of soil cement underneath or adjacent to the pads. In these analyses, PFS demon-
strates (pp. 16-21 of Exhibit 2 hereto (Rev. 7) and pp. 17-22 of Exhibit 3 (Rev. 8))
that the static shear strength of the native soils is sufficient to provide a factor of
safety against sliding that exceeds the minimum required value of 1.1. For these
analyses, Cask Storage Pad Stability Calc. Rev. 8 differs from the same analysis in
Cask Storage Pad Stability Calc. Rev. 7 only in that the description of the analysis in
Rev. 8 states explicitly that the soil cement is not being relied on to provide resistance
against pad sliding. While the description of the analysis was clarified, no change
was made to the design methodology; rather, this methodology has always been used
to show the conservative nature of the design. Thus, page 20 of Rev. 7 (Exhibit 3)
indicates that the minimum factor of safety against sliding of the pad would be 1.25,
if the pads were constructed directly on the clayey soils. This number is unchanged

in Rev. 8, as shown on p. 22 of Exhibit 3, except it is in a bolded font with "(Mini-
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mum)" added to emphasize that this is the minimum factor of safety against sliding,

obtained conservatively by taking no credit for the presence of soil cement.

Likewise, Rev. 8 (Exhibit 3, pp. 14-16, 23, 25, 29, 33, 37, and 38) of the calculation
clarifies that the soil cement beneath the pad serves as an "engineered mechanism" to
bond the pad to the underlying clayey soils, so that the full cohesive strength of the
clayey soils can be relied on to resist sliding. This, again, is not a new design feature.
Page 15 of Rev. 7 (Exhibit 2) states: "The soil cement will have higher shear strength
than the underlying silty clay/clayey silt layer: therefore. the resistance to sliding on
that interface [between the soil cement and the underlying native soil] will be limited
by the shear strength of the silty clay/clayey silt.” Page 21 of Rev. 7 (Exhibit 2) fur-
ther states: "The soil cement will be mixed and compacted into the surface 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.” In other
words, the ability of the soil cement to bond the pad to the underlying soil has been

recognized long before Rev. 8 was issued.

The Request also seeks to draw a distinction between the reliance upon the buttress-
ing effect of the soil cement around the pads in Rev. 7 and the “confusing and con-
flicting analysis” in Rev. 8 in which PFS is allegedly “at times ignoring the buttress-
ing effect of soil cement on the factor of safety against sliding and other times adding
the buttressing effect back into its analysis.” (Request at 4). This alleged distinction
does not exist. Both of these calculations include analyses in which credit is taken for

the presence of soil cement wherein the buttressing effect of the soil cement around



the pads is credited with increasing the resistance against sliding of the pads. Page 13
of Rev. 7 illustrates that the soil cement adjacent to the pads need only have an un-
confined compressive strength of 340 psi to provide all of the resistance to sliding re-
quired to obtain a factor of safety of 1.1, ignoring all of the shear strength available at
the bottom of the pad, arguably a very conservative assumption. It further indicates
that soil cement with strengths higher than this are readily achievable and cites a
state-of-the-art report on soil cement, published by the American Concrete Institute,
as evidence. Pages 14 and 15 of Rev. 7 demonstrate that basing the resistance to
sliding on only the shear resistance acting on the bottom of the pad, the soil cement
beneath the pads only needs to be designed to have a shear strength of 20 psi (which
equals an unconfined compressive strength of 40 psi) to preclude sliding of an entire
row of pads. This is higher strength than the underlying silty clay/clayey silt; there-
fore, the resistance to sliding on the interface between the soil cement and the silty
clay/clayey silt layer will be limited by the shear strength of the silty clay/clayey silt.
As discussed above, the factor of safety against sliding of the pads constructed di-
rectly on silty clay/clayey silt has a minimum factor of safety of 1.25, ignoring the
buttressing effect of the soil cement adjacent to the pads. Adding the buttressing ef-
fect and increasing the strength of the material beneath the pad from that of the native
clayey soils to that of the higher strength soil cement (or cement-treated soil) clearly
will increase the factor of safety against sliding. Pages 27 and 28 of Rev. 8 make this
clear, presenting analyses showing the beneficial effect of the soil cement adjacent to
the pads in increased factors of safety against sliding compared to the minimum value

of 1.25 cited above for analyses that assumed the soil cement was not used.
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11.

12.

Both the Request (at p. 5) and the Bartlett Declaration (at para. 9) attack the first of
the two analyses described above as being tlawed for failing to include the inertial
forces due to the soil cement beneath the pad in the sliding forces. However, as just
discussed, the analysis that is being attacked has not changed since soil cement was
introduced into the stability analyses of the storage pads in LA Amendment 8 in De-
cember 1999. Theretfore, this objection could have been raised at any time since LA
Amendment 8 was filed. Moreover, these inertial forces are included in the analyses
of sliding of an entire row of pads in both of these calculations (pp. 14 & 15 of Rev. 7

and pp. 29 — 33 of Rev. 8), and adequate factors of safety are demonstrated.

The State also asserts that in Revision 8 to the Cask Storage Pad stability analysis
“PFS presents a confusing and inconsistent design approach in considering whether
or not the passive resistance provided by cement-treated soil will have a ‘beneficial
effect’ on the factor of safety against sliding.” (Request at 6.) However, this criti-
cism confuses the two types of analyses that PFS performed (as discussed above), one
a calculation that takes credit for the properties of the soil cement and another one
that, for added conservatism, does not take credit for those properties in order to show
that, regardless, the PFS meets regulatory requirements. Thus, no inconsistency ex-
ists between the two assumptions. Instead, it is typical for, and expected of, an Ap-
plicant to provide analyses based on a variety of scenarios to demonstrate "defense in

depth".

With respect to the analysis that includes the resistance to sliding provided by the soil
cement, the Request (at p. 7) and Dr. Bartlett's Declaration (at para. 10) criticize the
assumption that the soil cement beneath the pad can serve as an “engineering mecha-

nism” because PFS has allegedly failed to address several possible failure mecha-



14.

nisms of the soil cement. However, these potential mechanisms could have been
raised at any time since the use of soil cement was first introduced in 1999, and they
are in fact raised by Dr. Bartlett in his declaration in support of Proposed Utah QQ.
Moreover, Dr. Bartlett has been aware of this feature of the design for some time, as
evidenced by his deposition at 390:2-6 (November 17, 2000), wherein he states re-
garding the soil cement beneath the pads: "We assume that the lower interface, where
the soil cement interfaces with the clay, that that would probably be a fairly rough

interface and that it might be appropriate then to use full cohesion.”

. The Request also confuses the two sets of analyses described above by trying to com-

pare the first analysis in Rev. 7 (which it labels “hypothetical™) with the second
analysis in Rev. 8. (Request at 5). As explained above, these are two sets of analy-
ses, both performed in each revision of this calculation, one assuming the pads rest on
native soil and the other taking into account the beneficial effects of soil cement.

Comparing the first analysis in Rev. 7 to the second analysis in Rev. § is inappropri-

ate.

The Request and the Bartlett Declaration raise other alleged deficiencies against Cask
Storage Pad Stability Calc. Rev. 8. See Bartlett Declaration, para. 10-12. However,
in each instance, the alleged shortcoming in the calculation is a repetition of claims
already made in Proposed Utah QQ or it could have been raised in that contention be-
cause Rev. 7 (the revision in effect at the time Proposed Utah QQ was filed) is identi-
cal to Rev. 8 in that regard. For example, in para. 10 of his Declaration, Dr. Bartlett
states: “Left unaddressed in G(B)-04, Rev. 8, are the cement-treated soil’s ability to
withstand dynamic bending, torsional, and beam shear stresses; its long-term durabil-

ity without cracking or without significant shear strength degradation; and its interac-
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16.

tion with soil chemistry. See Utah QQ, Bartlett Dec. 9 13, 15, and 17; Mitchell Dec.

Y 13.”7 These claims are obviously repetitive of those raised in Utah QQ.

In para. 11 of his Declaration, Dr. Bartlett states: “In my opinion there are significant
shortcomings in the adhesive strength the Applicant assumes at various foundation
element interfaces (¢.g., bottom of cement-treated soil and top of native soil). The
Applicant has still not addressed the significant concerns expressed by State and its
experts during written discovery and depositions in Utah L and, most recently, in Dr.
James Mitchell’s May 16, 2001 Declaration 14, supporting Utah QQ.” This asser-
tion is also a restatement of the claims made by the State and its witnesses in Utah
QQ. In addition, as indicated in g9 above, Dr. Bartlett has been aware for some time
of the design assumption that the use of soil cement would provide increased shear
strength. For example, in his deposition of November 17, 2000 at 390:2-6, Dr.
Bartlett stated the following with respect to the adhesive strength between the "bot-
tom of cement-treated soil and top of native soil" for the soil cement beneath the
pads: "We assume that the lower interface, where the soil cement interfaces with the
clay. that that would probably be a fairly rough interface and that it might be appro-

priate then to use full cohesion.”

In para. 12 of the Bartlett Declaration, the use of peak undrained strength to represent
the soil’s shear resistance for the high levels of cyclic inertial forces introduced by the
new design basis ground motion is criticized as “incorrect” because “without the re-
sults of cyclic testing performed at the appropriate strain levels for the PES soils, a
conservative reduction in peak undrained shear strength should be used in design.”

However, the State concedes that this is “a long-standing dispute between PFS and
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18.

the State in Utah L™ (Request at 9) and is indeed part of the issues covered in Appli-

cant’s outstanding motion for summary disposition of Utah L.

Likewise, the latest stability analyses of the Canister Transter Building (“Canister
Transter Building Stability Calc. Rev. 57), differs from those in the previous version
of the calculation only in that, in response to NRC requests for clarification, the re-
vised calculation clearly identifies the potential failure modes, failure planes, shear
strength available to resist sliding along those planes, and provides calculations of the
factors of safety against sliding that includes both shear resistance along bottom of
the plane of the clayey soils enclosed within the perimeter key at the base of the mat
and the full passive resistance from the soil cement placed adjacent to the mat. The
Request and Mr. Bartlett’s Declaration admit that nothing of substance has changed
in going from Rev. 4 to Rev. 5 of this calculation. Mr. Bartlett states: “This analysis
assumes that full passive resistance of the soil cement (i.e., full buttress effect) is
available to resist sliding and that the underlying clayey soil has reached residual
strength due to the large strain required to mobilize the passive resistance. In my
opinion it is improper to use any passive resistance from the soil cement in any slid-
ing calculations for the reasons discussed in Utah QQ and § 10 of this declaration.”
(Bartlett, para. 10) Likewise, the Request states “PFS still persists in assuming that
the passive resistance of cement-treated soil around the CTB is available to resist
sliding. PFS’s analysis was unconservative and inaccurate in Revision 4 of Cal.

G(B)-13, and it remains so in Revision 5 t00.” Request at 10, emphasis added.

In summary, in my review of the Request and the supporting Bartlett Declaration, I

did not identify any claims that have not already been made in Utah QQ, or which



could not have been raised as part of that proposed contention or even earlier in this

proceeding.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on July 3, 2001.

Paul J."Trudeau
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Paul J. Trudeau

Senior Lead Engineer

Years Experience (as of December 1998)
At Stone & Webster: 26 With other Firms: 0

Department/Division/Location
Geotechnical/Division 50/Boston

Professional History

Stone & Webster Engineering Corporation, Boston, Massachusetts - 1973 to Present
Massachusetts Institute of Technology - Cambridge, Massachusetts - 1971 to 1973
Stone & Webster Engineering Corporation, Boston, Massachusetts - 1971 to 1972
Worcester Polytechnic Institute, Worcester, Massachusetts - 1967 to 1971

Areas of Expertise

Geotechnical Engineering And Design

Use of Computers In Geotechnical Analyses and Designs
Managing Geotechnical Investigations

Geotechnical Instrumentation ]

Performing Cross-Hole Shear Wave Velocity Surveys
Regulatory Compliance, Review, and Implementation (NRC)

Awards

Desmond Fitzgerald Medal awarded by the Boston Society of Civil Engineers for "Shear Wave Velocity
and Modulus of a Marine Clay," Journal of the Boston Society of Civil Engineers, January 1974,

Computer Hardware/Software Capabilities

Mr. Trudeau has considerable experience with PC and mainframe computer programs for performing
geotechnical analyses. He is expert in developing spreadsheets using Microsoft Excel and Lotus for
solving ‘complex engineering calculations and also is an expert FORTRAN programmer and in
programming IBM JCL. He also has considerable experience in using MicroStation for generating
report-quality sketches and figures and in using InRoads for plotting contours and determining earthwork

quantities.

He is adept at developing batch programs, as well as programming in dBASE, AWK, perl, and
developing shell scripts in Unix. He routinely uses these techniques for automatic placement of graphics
at correct locations and scales in MicroStation design files for generation of geotechnical figures, such as
boring location plans, subsurface profiles, contour maps, and other figures for reports.

Department/Division Assignments

Division Computer Coordinator

Training
40 hours of instruction in Waste Site Worker Protection and 8 hours of instruction in Supervisory
Training to comply with OSHA 1910.120(e)}(2&3)



Paul J. Trudeau Senior Lead Engineer

Experience Summary

Mr. Trudeau has over 26 years of experience in the engineering industry. Currently, as a Senior Lead
Engineer in the Geotechnical Division of Stone & Webster Engineering Corporation, he is designated as
the Division Computer Coordinator and as the Division Specialist in cross-hole seismic velocity surveys.
As Computer Coordinator, he is responsible for the development, documentation, and maintenance of
more than 80 computer programs sponsored by the Geotechnical Division and for providing consulting
for Geotechnical Division computer applications. As the Division Specialist in cross-hole seismic
velocity surveys, he is responsible for performing the field testing and interpreting the data for use in

static and dynamic analyses.

Since joining Stone & Webster Engineering Corporation in 1973, he has served as a Lead Geotechnical
Engineer on numerous fossil power plants, Independent Spent Fuel Storage Installations (ISFSI) at
Private Fuel Storage Facility in Skull Valley, UT and at Maine Yankee's nuclear plant in Wiscasset, ME,
the Bellefonte Nuclear Plant, the Shoreham Nuclear Power Plant, the Falcon Seaboard Gas Pipeline, the
TVA Widows Creek Steam Plant, and various projects at the Hanscom Air Force Base. He has also
served as a Support Engineer on several nuclear and fossil power plant projects. In these roles, he was
responsible for performing geotechnical investigations, preparing geotechnical analyses, developing
geotechnical design criteria for other disciplines, such as Structural, Environmental, Engineering
* Mechanics, and Electrical, and for preparing geotechnical sections of Preliminary and Final Safety
Analyses Reports and Environmental Reports. This work was performed in accordance with quality
assurance programs that satisfied the quality assurance requirements of Appendix B of 10CFR Part 50

and NQA-1.

. He was also responsible for reviewing geotechnical analyses and reports prepared by others on these

projects, and for preparing testimony and for testifying at public hearings. He has also completed 40
hours of instruction in Waste Site Worker Protection and 8 hours of instruction in Supervisory Training
to'comply with OSHA 1910.120(e)(2&3) and is certified to work on hazardous waste sites.

Mr. Trudeau's field experience includes performing cross-hole shear wave velocity tests in Maine,
Connecticut, and Texas, geotechnical boring supervision at Jamesport, Shoreham, and Shoreham West
on Long Island in New York and at Wards Island in New York, New York, and a compaction control
investigation and intake canal revetment repair at Shoreham Unit No. 1. He has performed inspections
of the haul road for transport of 300-ton steam generators at the North Anna Nuclear Power Station in
Virginia, and has inspected the route proposed by Chem-Nuclear for transport of the 800-ton reactor
pressure vessel from the Shoreham Nuclear Power Station to their disposal facility in Bamwell, South
Carolina. In addition, he has served as Lead Scientist/Field Supervisor of environmental borings that
were drilled for site assessment studies performed for New York City Department of Environmental
Protection at their Jamaica, Wards Island, and 26® Ward water pollution control plants.

Mr. Trudeau's laboratory experience includes performing index property tests, consolidation tests,
Hardin Oscillator tests, and static and dynamic triaxial tests. He was instrumental in selection,
installation, and testing and debugging of Stone & Webster's Geotechnical laboratory data acquisition
system. His educational experience encompasses many aspects of civil engineering, including soil
mechanics and foundations, computer programming (FORTRAN), soil dynamics, earthquake

engineering, geotextiles, and structures.
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Resume of Paul J. Trudeau

Education

Master of Science in Civil Engineering, MIT, Cambridge, Massachusetts - 1973
B.S. in Civil Engineering, Worcester Polytechnic Institute, Worcester, Massachusetts -~ 1971

Licenses, Registrations, and Certifications

Professional Engineer - Massachusetts - 1977

Professional Affiliations

Chi Epsilon: Member - 1969

American Society of Civil Engineers: Member 1971

Boston Society of Civil Engineers Section/ASCE: Member 1971

International Society of Soil Mechanics and Foundation Engineering: Member 1974

BSCES Director

BSCES Awards Committee - Chairman

BSCES Student Chapter Committee - Chairman

BSCES Membership Committee - Member

BSCES Task Force for Younger Members - Member

ASCE National Convention Attendance Committee - Co-Chairman

BSCES Geotechnical Engineering Practice Lecture Series Committee - Member

Publications
Trudeau, P.J., Whitman, R.V., and Christian, J.T., "Shear Wave Velocity and Modulus of a Marine
Clay,” Journal of the Boston Society of Civil Engineers, January 1974.

Pierce, D.S., and Trudeau, P.J., "Digital and Analog Methods for the Development of Stereoscopic
Contour Maps for Geological and Geophysical Analysis," Geological Society of America Abstracts with

Programs, Vol. 10, No. 7, 1978.
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Resume of Paul J. Trudeau

Experience History

STONE & WEBSTER ENGINEERING CORPORATION, BOSTON, MASSACHUSETTS - 1973 TO PRESENT

Geotechnical Division (Apr 1977 to Present)
Computer Coordinator

Independent Spent Fuel Storage Installation (Sept 1998 to Present)
Maine Yankee Atomic Power Company — Wiscasset, ME
Lead Geotechnical Engineer

VX Fuil Scale Plant (Mar 1998 to Present)
" U.S. Army Program Manager for Chemical Demilitarization, Aberdeen, Maryland

Lead Geotechnical Engineer

Combined-Cycle Power Plant (Feb 1998 to Present)
EMI, Rumford, ME and Tiverton, RI
Lead Geotechnical Engineer

Private Fuel Storage Facility ~ Skull Valley, UT (Dec 1997 to Present)
Private Fuel Storage, Limited Liability Corporation
Lead Geotechnical Engineer

VX Full Scale Plant (April 1997 to Present)
U.S. Army Program Manager for Chemical Demilitarization, Newport, IN

Lead Geotechnical Engineer

Mystic, Edgar, and Medway Combined Cycle Power Plants (Mar 1998 to Dec 1998)

Sithe Energies, Inc
Geotechnical Engineer

Terminal A Area 8 (Mar 1998 to Oct 1998
MASSPORT )
Geotechnical Engineer

Tapoco Developments (Dec 1997 & July/Aug 1998)
Santeetlab Dam
Geotechnical Engineer

Tapoco Developments (Aug 1997 to Sept 1997)
Cheoah Dam

Big Brown Steam Electric Station, Fairfield, TX (July 1997 to Nov 1998)
TU Electric Company
Geotechnical Engineer
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Resume of Paul J. Trudeau

Building 99 Fuel Oil Storage Facility (June 1997 to Aug 1997)
GE River Works Plant - Lynn, MA
Geotechnical Engineer

Private Fuel Storage Facility — Skull Valley, UT (Jan 1997 to Oct 1997)
Private Fuel Storage, Limited Liability Corporation
Geotechnical Engineer

Building 66 G & L G60TX Foundation (Dec 1996 to Jan 1997)
GE River Works Plant - Lynn, MA
Geotechnical Engineer

Tapoco Developments (Nov 1996 to Feb 1997)
Calderwood Dam
Geotechnical Engineer

19* St Substation (Oct 1996 to Jan 1998)
Potomac Electric Power Co, Washington, D. C,

Geotechnical Engineer

Boston Ramps (Feb 1996 to Dec 1996)
Massachusetts Turnpike Authority
Geotechnical Engineer

Goodhue County Independent Spent Fuel Storage Installation (Dec 1995 to Sept 1996)
Northern States Power Company
Geotechnical Engineer

Central Artery/Third Harbor Tunnel Project (Feb 1994 to January 1997)
Mass. Department of Public Works
Manager of Computer Services

Bellefonte Nuclear Plant (Oct 1993 to Mar 1994)

Tennessee Valley Authority
Lead Geotechnical Engineer

Chubb & Son, Incorporated (Sept 1993 to Jan 1994)
Geotechnical Consultant

Granite State Gas Transmission Company (Nov 1993)

Petersburg Generating Station (July 1993 to Sept 1993)
Indianapolis Power and Light Company
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Resume of Paul J. Trudeau

Pease Air Force Base (Aug 1993)
United States Air Force
Geotechnical Engineer

Green Mountain Power Corporation (July 1993)
Geotechnical Engineer

E. W. Stout Generating Station (July 1993)
Indianapolis Power and Light Company
Geotechnical Engineer

Hanscom Air Force Base (Apr 1993 to July 1993)
United States Air Force
Lead Geotechnical Engineer

Portland Natural Gas Transmission System (Nov 1992 to Apr 1993)

Maine Low-Level Radioactive Waste Authority (Oct 1992 to May 1993)
Geotechnical Engineer

Afobaka Dam (Oct 1992 to Jan 1993)
Suriname Aluminum Company
Geotechnical Engineer

Widows Creek (Sept 1992 to Feb 1993)
Tennessee Valley Authority
Lead Geotechnical Engineer

General Support Services Contract, Richland Field Office (Sept 1992 to Oct 1992)
U. S. Department of Energy

Patriot Generating Station (June 1992 to Aug 1992)
Indianapolis Power and Light Company
Geotechnical Engineer

Bellefonte Nuclear Plant (Feb 1992 to July 1992)
Tennessee Valley Authority
Lead Geotechnical Engineer

Central Artery/Third Harbor Tunnel Project (Mar 1990 to Feb 1992)
Mass. Department of Public Works
Manager of Computer Services

Petersburg Generating Station (Nov 1991 to Jan 1992)
Indianapolis Power and Light Company
Geotechnical Engineer
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Petersburg Generating Station (Sept 1991 to May 1992)
Indianapolis Power and Light Company
Geotechnical Engineer

New Production Reactor (Sept 1991 to Oct 1991)
US Department of Energy
Geotechnical Engineer

New Production Reactor (Feb 1991 to May 1991)

US Department of Energy
Geotechnical Engineer

Widows Creek Steam Plant - Unit 8 (Feb 1991 to June 1991)

Tennessee Valley Authority.
Lead Geotechnical Engineer

North Anna Nuclear Power Station (Sept 1991)
Virginia Power Company
Geotechnical Engineer

EG & G Rocky Flats (Sept 1991)
US Department of Energy
Geotechnical Engineer

Hanscom Air Force Base (Jan 1991 to Feb 1991)
United States Air Force
Lead Geotechnical Engineer

Hanscom Air Force Base (Jan 1990)
United States Air Force
Lead Geotechnical Engineer

Sludge Management Project (Sept 1989 to July 1990)
New York City Department of Environmental Protection
Geotechnical Engineer / Geotechnical Field Inspector / Lead Scientist/Field Supervisor

Plattsburgh 12 In. Diameter Gas Pipeline (Feb 1989 to Apr 1990)
Falcon Seaboard Pipeline Company
Lead Geotechnical Engineer

Great Northern Paper Company (Feb 1989 to May 1989)
Geotechnical Engineer

Shoreham Nuclear Power Station - Unit No. 1 (Jan 1983 to Mar 1992)

Long Island Lighting Company
Lead Geotechnical Engineer
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Office of Nuclear Waste Isolation (ONWI) of Battelle Memorial Institute (Jan 1982 to Oct 1987)

U.S. Department of Energy
Geotechnical Computer Consultant

Bradley Lake Project (Feb 1986 to Oct 1986)
Alaska Power Authority
Geotechnical Engineer

Salt Cave Hydroelectric Project (Apr 1986 to May 1986)
City of Klamath Falls, Oregon
Geotechnical Engineer

Beaver Valley Power Station - Unit 2 (Oct 1984 to Aug 1985)
Dugquesne Light Company
Geotechnical Engineer

Malakoff Site (Apr 1982 to Dec 1982)
Houston Lighting & Power Company -
Geotechnical Engineer

Site X (Aug 1981 to Dec 1981)
Houston Lighting & Power Company
Geotechnical Engineer

Patriot Station (May 1981 to July 1981)
Indiana Power and Light Company
Geotechnical Computer Consultant

Site X (May 1981 to July 1981)
Houston Power and Light Company
Geotechnical Computer Consultant

Site X (Mar 1981 to May 1981)
Houston Lighting & Power Company
Geotechnical Engineer

Western Fuels Association. Inc. (Dec 1980)
Geotechnical Computer Consultant

Patriot Station (Nov 1980 to Dec 1980)
Indiana Power and Light Company
Geotechnical Computer Consultant

Site X (Oct 1980)
Houston Lighting & Power Company
Geotechnical Engineer
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Pumped Storage Project (Apr 1980 to July 1980)
Public Service Company of New Mexico
Geotechnical Computer Consultant

Beaver Valley Power Station - Unit No. 2 (Feb 1980 to Mar 1980)

Dugquesne Light Company
Geotechnical Computer Consultant

Millstone Unit No. 3 (Feb 1980)
Northeast Utilities Service Company
Geotechnical Engineer

Martin Cooling Dike (Jan 1980)
Florida Power and Light Company
Geotechnical Engineer

Beaver Valley Power Station - Unit No. 1 (Mar 1970 to May 1979)
Duguesne Light Company
Geotechnical Computer Consultant

Haven Nuclear Power Station (Dec 1978 to Jan 1979)
Wisconsin Electric Power Company
Geotechnical Engineer

Office of Nuclear Waste Isolation (ONWI) of Battelle Memorial Institute (Sept 1978 to Nov 1979)

U.S. Department of Energy
Geotechnical Computer Consultant

Stuyvesant & New Haven Sites (Apr 1978 to Sept 1978)
New York State Electric and Gas Corp.
Geotechnical Computer Consultant

Sundesert 500 kV Transmission and Substation Project (Aug 1977 to Dec 1977)
San Diego Gas and Electric Company
Geotechnical Computer Consultant

Jamesport Nuclear Power Station (July 1976 to Apr 1977)
Long Island Lighting Company
Geotechnical Engineer

Shoreham Unit No. 1 (Feb 1976 to June 1976)
Long Island Lighting Company
Geotechnical Engineer

Jamesport Nuclear Power Station (Feb 1975 to Jan 1976)
Long Island Lighting Company
Geotechnical Engineer
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Shoreham Unit No. 1 (Sept 1974 to Jan 1975)
Long Island Lighting Company
Geotechnical Engineer

Shoreham Unit No. 1 (June 1974 to Aug 1974)
Long Island Lighting Company
Geotechnical Engineer

Jamesport Nuclear Power Station (Mar 1974 to June 1974)
Long Island Lighting Company
Geotechnical Engineer

Shoreham Unit No. 1 (Oct 1973 to Apr 1974)
Long Island Lighting Company
Geotechnical Engineer

Jamesport and Shoreham West (Sept 1973)
Long Island Lighting Company
Geotechnical Engineer

Northfield Mountain Pumped Storage Project (Aug 1973 to Oct 1973)
Northeast Utilities Service Company
Geotechnical Engineer

Jamesport Nuclear Power Station (Aug 1973)
Long Island Lighting Company
Geotechnical Engineer

Geotechnical Division Computer Coordinator (Mar 1973 to Nov 1973)

North Anna Power Station (Feb 1973)
Virginia Electric and Power Company
Geotechnical Engineer

Massachusetts Institute of Technology - Cambridge, Massachusetts - 1971 to 1973
Graduate Research Assistant
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

5010.65

CALCULATION IDENTIFICATION NUMBER
J.0. OR W.0O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE 1 1
05996.02 G(B) 04-7

bound value of the coefficient of friction between the casks and the storage pad {u = 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 - 0.695 x 2,852K) = 696 K. This is less than the maximum dynamic cask
horizontal driving force of 2,212 K (Table D-1(c) in CEC, 2001). 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 696K.

an Wp EQhc
“Mpmvmg = 1.5 ftx0.711 x 904.5 K + 3 ft x 696 K = 3,053 ft-K.

17186 ft-K

=~ =5.63
or  3053ft-K

= FS

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 te the pad,
the resisting, or tangential force (T), below the base of the pad is defined as follows:

T=Ntan¢+cBL
where, N (normal force) = 3 Fv = We + Wy + EQve + EQwp
¢ = 0° (for Silty Clay/Clayey Silt)
c = 2.1 ksf, as indicated on p C-2.
B = 30 feet
L = 67 feet




STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

5010.65
CALCULATION IDENTIFICATION NUMBER
J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE 12
05996.02 G(B) 04-7

SLIDING STABILITY OF THE PADS CONSTRUCTED ON AND WITHIN So1L. CEMENT

Objective:

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

Method/Assumptions:

1. In determining the required strength of soil cement along the sides of the pad, 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, since it is only 1’
thick (Figure 3).

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, P, as follows:
P, =%y, H® +%v, H> N, +q  HN, +2cH N,

where:
H = height of soil cement above bottom of pad
No = K;, coefficient of passive pressure, = 1 assuming ¢ = 0.
Qs = uniform surcharge, = {y X H)compacted aggregate, > 0.125 kef x 0.71 ft = 0.09 ksf
c = effective cohesion

5. An adhesion factor (a ) of 0.5 is conservatively assumed to determine resistance to
sliding at the interface between the soil cement and the underlying silty clay.
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SLIDING STABILITY OF THE PADS CONSTRUCTED ON AND WITHIN SO CEMENT

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 =

K
x 0.711
cask:]

1.1x[3’x30’x67‘x0.15—f%§ + 8 casks x356.5

T=2938K

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, ==YHZ N, +qHN, +2CH N, EQ 23.8a of Lambe & Whitman (1969

P

(S

where q,=(y-H)_, ., =0.125 K 85m

comce 12 m/ =0.09 ksf/LF , which is negligible.

Conservatively assuming ¢ = 0° for soil cement, N, = 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=67').

Find the minimum cchesion required to provide FS = 1.1.

Y H= Ke H Jﬂ

Pe must be = 2,938K = -;--0.100%x(2 ff x1.0 + 2C-2 ft - 1.0
-2—’-2—);39—5=O.2E+46=97.93£ = 4€=97.93£
301t ft LF LF

=170 psi

2
€ 2 24.48 ksf x| S| x2000%
12, K

The unconfined compressive strength equals twice the cohesion, or 340 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, f. = 40C where C = percent cement in the soil cement.
Therefore, to obtain f. >340 psi, the percentage of cement required would be ~340/40 =
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SLIDING STABILITY OF THE PADS CONSTRUCTED ON AND WITHIN SOIL CEMENT
8.5%. 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 K, was calculated for ¢ > 0°. Note, Tables 5 & 6 of Nussbaum &
Colley (1971) indicate ¢ exceeds 40° 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 ~2 ft below most of the pads. Thus, the area available to
resist sliding will greatly exceed that of the pads alone. The hypothetical cask tipover
analysis imposes limitations on the modulus of elasticity of the soils underlying the pad.
The modulus of elasticity of the soil cement is directly related to its strength; therefore, its
strength must be limited to values that will satisfy the modulus requirement, but it must
still provide an adequate factor of safety with respect to sliding of the pads embedded
within the soil cement.

The following analysis calculates the minimum strength required to preclude sliding of an
entire row of pads along the base of the soil cement.

WEIGHTS

Casks: W = 8 x 356.5 K/cask = 2,852 K
Pad: Wp = 3 ft x 67 ft x 30 ft x 0.15 kips/ft® = 904.5 K

EARTHQUAKE ACCELERATIONS — PSHA 2,000-YR RETURN PERIOD

aun = horizontal earthquake acceleration = 0.711g
av = vertical earthquake acceleration = 0.695g

Consider a row of 10 pads with 2’ of soil cement in between the pads and at least 1’ of soil
cement under the pads:

Weight of Casks =10x2,852 K = 28,520 K
Weight of Pads =10x904.5 K = 9,045 K
Weight of Soil Cement =9x3ftx30ftx5ftx.10 kips/ft3 = 405K

Total =37,970K

To obtain FS = 1.1, the total resisting force, T, must =
1.1 x (Weight of Casks + Weight of Pads + Weight of Soil Cement) x 0.711
=1.1x{28,520K + 9,045 K + 405 K) x 0.711
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SLIDING STABILITY OF THE PADS CONSTRUCTED ON AND WITHIN SOIL CEMENT
Therefore, T = 29,696 K
Base Area, A, of a row of 10 pads is given by
A=10x30ftx67ft + 9x30ftx5ft = 21,450 fi2

Therefore the minimum cohesion required to provide the resisting force T is given by
T= cohesion (c) x adhesion factor (a } x area (A)
T= ¢ x 0.5x21,450 ft
¢ x 0.5x 21,450 ft2 = 29,696 K
c=2.77 ksf = 20 psi
The unconfined compressive strength equals twice the cohesion, or 40 psi.

Table 5-6 of Bowles {1996) indicates E = 1,500 s., where s, = the undrained shear
strength. Note, s, is half of qu, the unconfined compressive strength.

Based on this relationship, E = 750 qu,
Where E = Young's modulus
qu = Unconfined compressive strength

An unconfined compressive strength of 100 psi for the soil cement under the pad will limit
the modulus value to 75,000 psi. Thus, designing the soil cement to have an unconfined
compressive strength that ranges from 40 psi to 100 psi will provide an adequate factor of
safety against sliding and will limit the modulus of the soil cement under the pads to an
acceptable level for the hypothetical cask tipover considerations.

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
pad emplacement area indicate the shear strength available to resist sliding from loads
due to the design basis ground motion is 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 CLAY/CLAYEY 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 wused 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.

¢ = 40° Tables 5 & 6 of Nussbaum & Colley (1971) indicate that ¢
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 ¢ 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=3ft As shown in SAR Figure 4.2-7, the pad is 3 ft thick, and it is
constructed such that top of the pad is at the final ground
surface (i.e., pads are embedded 3’ below grade).

For frictional materials, the resistance to sliding is lower when the forces due to the
earthquake act upward; therefore, analyze the sliding stability for Load Case IlIl, 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 (67
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.
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SLIDING STABILITY OF THE CASK STORAGE PADS CONSTRUCTED DIRECTLY ON SILTY CLAY/CLAYEY SILT

ACTIVE EARTH PRESSURE

P.=0.5y H2K.

Ka = (1 - sin ¢)/{1 + sin ¢} = 0.22 for ¢ = 40° for the soil cement.

Pa = [0.5 x 125 pef x (3 ft)2 x 0.22] x 67 ft (length)/storage pad = 8,291 lbs.

DYNAMIC 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:

{1-a,) cos®(0-0-0)

K, = z
. 2 ' sin (¢ + 8) - sin (¢ -0 -p)
cos - cos”a.- cos (5+ . +6) [I+J;s(8+a+9)-cos(ﬁ~alj
where :

® =tan’ -1
av

B =slope of ground behind wall,
o =slope of back of wall to vertical,
o, =horizontal seismic coefficient, where a positive value corresponds to a horizontal
inertial force directed toward the wall,
y = vertical seismic coefficient, where a positive value corresponds to a vertical inertial
force directed upward,
& =angle of wall friction,
¢ =friction angle of the soil,
g = acceleration due to gravity.

o

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

P =%7H2 K ;. where:

vy =unit weight of soil,
H =wall height, and
K, is calculated as shown above.
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SLIDING STABILITY OF THE CASK STORAGE PADS CONSTRUCTED DIRECTLY ON SILTY CLAY/CLAYEY SILT

B=(1=0

o=tan’ x[-271 )_gg.8°
1-0.695

¢ = 40°

Approximating sin (¢-90) ~ 0 and cos ($-6) = 1

l1-a

K. =
cos9-cos{d+0)

AE

d=—==20°

N e

1-0.695

K= =13.87
cos 66.8° - cos (20° + 66.8°)

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

Y Hz Ka L

F =P, =%x 125 pef x (3 ft)* x13.87 x 67 ft / storage pad = 522.7 K in E - W direction.

AEE-W

Figus = 522.7 Kx-3—9£ =234.1 K in the N - S direction.
- 67 ft




STONE & WEBSTER ENGINEERING CORPORATION

5010.65 CALCULATION SHEET
CALCULATION IDENTIFICATION NUMBER
J.0. OR W.O. NO. DIVISION & GROUP CALCULATION NO. | OPTIONAL TASK CODE PAGE 19
05996.02 G(B) 04-7

SLIDING STABILITY OF THE CASK STORAGE PADS CONSTRUCTED DIRECTLY ON SILTY CLAY/CLAYEY SILT

WEIGHTS

Casks: Wc =8 x 356.5 K/cask = 2,852 K
Pad: Wp =3 ft x 67 ft x 30 ft x 0.15 kips/ft3 = 904.5 K

EARTHQUAKE ACCELERATIONS ~ PSHA 2,000-YR RETURN PERIOD

ay = horizontal earthquake acceleration = 0.711g
av = vertical earthquake acceleration = 0.695g

CAskK EARTHQUAKE LOADINGS
EQvc = -0.695 x 2,852 K = -1,982 K (minus sign signifies uplift force)
EQhcy = 2,212 K (acting short direction of pad, E-W) Qxa maxin Table D-1{c} in Att B
EQhcy = 2,102 K (acting in long direction of pad, N-S) Qyd max in Table D-1{c) "

Note: These maximum horizontal dynamic cask driving forces are from Cale 05996.02-
G(PO17)-2, (CEC, 2001), 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, EQhc max is limited to a maximum value of
696 K for Case III, based on the upper-bound value of p = 0.8, as shown in the following
table:

Cask Loads wT EQv. N 0.2xN|O.8xN EQhc max
K K K K K K
Case III - Uplift | 2,852 | -1,982| 870 174 696 696
2,212 E-W
Case IV - EQy Down| 2,852 | 1,982 | 4,834 | 967 | 3,867 2.102 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 = -0.695 x 904.5 K = -629 K
EQhp=0.711 x904.5 K=643 K
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SLIDING STABILITY OF THE CASK STORAGE PADS CONSTRUCTED DIRECTLY ON SILTY CLAY/CLAYEY SILT

Casg IH: 100% N-S, -100% VERTICAL, 0% E-W

When EQve and EQvp act in an upward direction (Case IIl), tending to unload the pad,
sliding resistance is obtained as follows:

We Wp EQvc EQvp
N=2,852K+904.5K+(-1,982K) + (-629K) = 1,146 K
N (] c B L
T=1,146 Kxtan 0° + 2.1 ksf x 30 ft x 67 ft = 4,221 K
The driving force, V, is defined as:
V = Fae + EQhp + EQhc
The factor of safety against sliding is calculated as follows:
FS = 4,221 K+ (522.7 K+ 643 K + 696 K} = 2.27

For this analysis, the value of EQhc was limited to the upper-bound value of the coefficient
of friction, u = 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 u is used (= 0.2), because the driving
forces due to the casks would be reduced.
CASE IV: 100% N-S, 100% VERTICAL, 0% E-W EARTHQUAKE FORCES ACT DOWNWARD
When the earthquake forces act in the downward direction:
= Ntan ¢ + [c BL]

where, N (normal force} = ¥ Fv = Wc + Wp + EQvc + EQvp

Wc Wp EQvc EQvp
N=2,852K+904.5K+ 1,982 K + 629 K=6,368 K

N () c B L
T=6,368Kxtan0°+2.1ksfx30ftx67ft=4,221 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=4221K~+(522.7K+643 K +2,212K) = 1.25
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SLIDING STABILITY OF THE CASK STORAGE PADS CONSTRUCTED DIRECTLY ON SILTY CLAY/CLAYEY SILT

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 p is used (= 0.2), because the driving forces due to the
casks would be reduced.

These analyses illustrate that if the cask storage pads were 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 surface 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.
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FIGURE 3

DETAIL OF SoIiL. CEMENT UNDER &
ADJACENT TO CASK STORAGE PADS
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EXHIBIT 3
Trudeau Declaration
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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 (T}, below the base of the pad is defined as follows:

T =Ntan¢+cBL

where, N (normal force) = X Fy = We + W;, + EQuc + EQyp

¢ = 0° (for Silty Clay/Clayey Silt)
c = 2.1 ksf, as indicated on p C-2.
B = 30 feet

L =67 feet

DESIGN ISSUES RELATED TO SLIDING STABILITY OF THE CASK STORAGE PADS

Figure 3 presents a detail of the soil cement under and adjacent to the cask storage pads.
Figure 8 presents an elevation view, looking east, that is annotated to facilitate discussion
of potential sliding failure planes. The points referred to in the following discussion are
shown on Figure 8.

1.

Ignoring horizontal resistance to sliding due to passive pressures acting on the sides of
the pad (i.e., Line AB or DC in Figure 8), the shear strength must be at least 1.85 ksf
(12.84 psi) at the base of the cask storage pad (Line BC) to obtain the required
minimum factor of safety against sliding of 1.1.

The static, undrained strength of the clayey soils exceeds 2.1 ksf (14.58 psi). This
shear strength, acting only on the base of the pad, provides a factor of safety of 1.25
against sliding along the base (Line BC). This shear strength, therefore, is sufficient to
resist sliding of the pads if the full strength can be engaged to resist sliding.

Ordinarily a foundation key would be used to ensure that the full strength of the soils
beneath a foundation are engaged to resist sliding. However, the hypothetical cask
tipover analysis imposes limitations on the thickness and stiffness of the concrete pad
that preclude addition of a foundation key to ensure that the full strength of the
underlying soils are engaged to resist sliding.

PFS will use a layer of soil cement beneath the pads (Area HITS) as an "engineered
mechanism” to bond the pads to the underlying clayey soils.

The hypothetical cask tipover analysis imposes limitations on the stiffness of the
materials underlying the pad. The thickness of the soil cement beneath the pads is
limited to 2 ft and the static modulus of elasticity is limited to 75,000 psi.
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6. The modulus of elasticity of the soil cement is directly related to its strength; therefore,
its strength must be limited to values that will satisfy the modulus requirement. This
criterion limits the unconfined compressive strength of the soil cement beneath the
pads to 100 psi.

7. Therefore, the pads will be constructed on a layer of soil cement that is at least 1-ft
thick, but no thicker than 2-ft, that extends over the entire pad emplacement area, as
delineated by Area HITS.

8. The unconfined compressive strength of the soil cement beneath the pads is designed
to provide sufficient shear strength to ensure that the bond between the concrete
comprising the cask storage pad and the top of the soil cement (Line BC) and the bond
between the soil cement and the underlying clayey soils {Line JK) will exceed the full,
static, undrained strength of those soils. To ensure ample margin over the minimum
shear strength required to obtain a factor of safety of 1.1, the unconfined compressive
strength of the soil cement beneath the pads (Area HITS) will be at least 50 psi.

9. DeGroot {1976) indicates that this bond strength can be easily obtained between layers
of soil cement, based on nearly 300 laboratory direct shear tests that he performed to
determine the effect of numerous variables on the bond between layers of soil cement.

10.So0il cement also will be placed between the cask storage pads, above the base of the
pads, in the areas labeled FGBM and NCQP. This soil cement is NOT required to resist
sliding of the pads, because there is sufficient shear strength at the interfaces between
the concrete pad and the underlying soil cement (Line BC) and between that soil-
cement layer and the underlying clayey soils (Line JK) that the factor of safety against
sliding exceeds the minimum required value.

11.The pads are being surrounded with soil cement so that PFS can effectively use the
eolian silt found at the site to provide an adeqguate subbase for support of the cask
transporter, as well as to provide additional margin against any potential sliding.

12.The actual unconfined compressive strength and mix requirements for the soil cement
around the cask storage pads will be based on the results of standard soil-cement
laboratory tests.

13.The unconfined compressive strength of the soil cement adjacent to the pads needs to
be at least 50 psi to provide an adequate subbase for support of the cask transporter,
in lieu of placing and compacting structural fill, but it likely will be at least 250 psi to
satisfy the durability requirements associated with environmental considerations (i.e.,
freeze/thaw and wet/dry cycles) within the frost zone (30 in. from the ground surface).
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The analysis presented on the following pages demonstrates that the static, undrained
strength of the in situ clayey soils is sufficient to preclude sliding (FS = 1.25 vs minimum
required value of 1.1), provided that the full strength of the clayey soils is engaged. The
soil-cement layer beneath the pads provides an "engineered mechanism” to ensure that
the full, static, undrained strength of the clayey soils is engaged in resisting sliding forces.
It also demonstrates that the bond between this socil-cement layer and the base of the
concrete pad will be stronger than the static, undrained strength of the in situ clayey soils
and, thus, the interface between the in situ soils and the bottom of the soil-cement layer is
the weakest link in the system. Since this "weakest link" has an adequate factor of safety
against sliding, the overlying interface between the soil cement and the base of the pad will
have a greater factor of safety against sliding. Therefore, the factor of safety against sliding
of the overall cask storage pad design is at least 1.25.
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SLIDING STABILITY AT INTERFACE BETWEEN THE SOIL CEMENT BENEATH THE PADS AND IN SI1TU
CLAYEY SOILS

Material under and around the pad will be soil cement. In this analysis, however, the
presence of the soil cement is ignored, both below the pad and adjacent to the sides of the
pads, 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 potential failure mode is
sliding along the surface at the base of the pad. No credit is taken for the passive
resistance acting on the sides of the pad above the base. This analysis is applicable for
any of the pads at the site, including those at the ends of the rows or columns of pads,
since it relies only on the strength of the material beneath the pads to resist sliding.

This analysis conservatively assumes that 100% of the dynamic forces due to the
earthquake act in both the horizontal and vertical directions at the same time. The length
of the pad in the N-S direction (67 ft) is greater than twice the width in the E-W direction
(30 ft); therefore, the dynamic active earth pressures acting on the length of the pad will be
greater than those acting on the width, and the critical direction for sliding will be E-W.

The soil cement is assumed to have the following properties in calculation of the dynamic
active earth pressure acting on the pad from the soil cement above the base of the pad:

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 wused 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.

o = 40° Tables 5 & 6 of Nussbaum & Colley (1971) indicate that ¢
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 ¢ will be higher than this value. This value 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. Because of the magnitude of
the earthquake, this analysis is not sensitive to increases in
this value.

H=3ft As shown in SAR Figure 4.2-7, the pad is 3 ft thick, and it is
constructed such that top of the pad is at the final ground
surface (i.e., pads are embedded 3’ below grade).
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SLIDING STABILITY AT INTERFACE BETWEEN THE SOIL CEMENT BENEATH THE PADS AND IN SiTU CLAYEY SOILS

ACTIVE EARTH PRESSURE

P.=0.5y H2K.

Ka = (1 - sin ¢)/(1 + sin ¢) = 0.22 for ¢ = 40° for the soil cement.

P. =[0.5 x 125 pcf x (3 ft)2 x 0.22] x 67 ft (length)/storage pad = 8,291 1bs.

DYNAMIC 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:

1-a,)- cos®(9-0-a)
SIn(6+3) s §-0-F) ]2

K=

8- cos?a - 5 6)-
cos B-cos“a-cos{d+a+6) [“\(cos(8+a+93-003“3'°"

where :

6 =tan? | B
a

v
p =slope of ground behind wall,
o = slope of back of wall to vertical,

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

v = vertical seismic coefficient, where a positive value corresponds to a vertical inertial
force directed upward,

8 =angle of wall friction,

¢ =friction angle of the soil,

g =acceleration due to gravity.

o

The combined static and dynamic active earth pressure force, Pag, is calculated as:
-1

AE 2
= unit weight of soil,

H =wall height, and

K,z is calculated as shown above.

2 .
P yH* K,., where:
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SLIDING STABILITY AT INTERFACE BETWEEN THE SOIL CEMENT BENEATH THE PADS AND IN SITU CLAYEY SOILS

[3 =0 = O

0=tan? x| 2L |-66.8°
1-0.695

¢ = 40°

Approximating sin (¢~0) = 0 and cos (p-8) = 1

_ l-a,
AE ~ 008 0-cos (5 + 6)

K

§===20°

N |-

1-0.695

AE = = 13.87
cos 66.8° - cos (20° + 66.8°)

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

¥ Hz2 K L
Fasew = Pag = —;- %125 pef x (3 ft)* x13.87 x 67 ft / storage pad =522.7 K in E - W direction.
301t ‘ -
Fiens =D22.7K xm =234.1K in the N - S direction.
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SLIDING STABILITY AT INTERFACE BETWEEN THE SO CEMENT BENEATH THE PADS AND IN SITU CLAYEY SOILS

WEIGHTS

Casks: Wc=8x356.5K/cask = 2,852 K
Pad: Wp =3 ft x 67 ft x 30 ft x 0.15 kips/ft3 = 904.5 K

EARTHQUAKE ACCELERATIONS ~ PSHA 2,000-YR RETURN PERIOD

ay = horizontal earthquake acceleration = 0.711g
av = vertical earthquake acceleration = 0.695g

Cask EARTHQUAKE LOADINGS
EQvc = -0.695 x 2,852 K = -1,982 K (minus sign signifies uplift force)
EQhcew = 2,212 K (acting short direction of pad, E-W)  Qxd maxin Table D-1(c) in Att B
EQhcn.s = 2,102 K (acting in long direction of pad, N-S) Qya maxin Table D-1(c) v

Note: These maximum horizontal dynamic cask driving forces are from Calc 05996.02-
G(PO17)-2, (CEC, 2001), 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. EQhc max is limited to a maximum value of 696 K for Case III, based on the
upper-bound value of u = 0.8, as shown in the following table:

Cask Loads wT EQve N 0.2xN!0.8xN E@hc max
K K K K K K
Case III - Uplift 2,852 [ -1,982| 870 174 696 696
2,212 E-W
CaseIV-EQ-Down| 2,852 | 1,982 | 4,834 | 967 | 3,867 2.102 N-S

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

FOUNDATION PAD EARTHQUAKE LOADINGS

EQvp = -0.695 x 904.5 K = -629 K
EQhp = 0.711 x 904.5 K = 643 K
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SLIDING STABILITY AT INFERFACE BETWEEN THE SOIL CEMENT BENEATH THE PADS AND IN SITU CLAYEY SOILS

CasE III: 0% N-S, -100% VERTICAL, 100% E-W (EARTHQUAKE FORCES ACT UPWARD)

When EQvc and EQvp act in an upward direction (Case III), tending to unload the pad,
sliding resistance is obtained as follows:

We Wp EQve EQvp
N=2852K+904.5K+(-1,982 K} + (-629 K) = 1,146 K
N (] c B L
T=1146Kxtan 0°+ 2.1 ksfx 30 ft x 67 ft = 4,221 K
The driving force, V, is defined as:
V = Fae + EQhp + EGQhc

The factor of safety against sliding is calculated as follows:

T Fae EQhp E@Qhc
FS =4,221 K+ (622.7 K+ 643 K + 696 K) = 2.27
(1,861.7 K)

For this analysis, the value of the horizontal driving force due to the earthquake, EQhc, is
limited to the upper-bound value of the coefficient of friction, u = 0.8, x the cask normal
load, because if EQhc exceeds this value, the cask will 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 (= 0.2), because the driving forces due to the casks would be
reduced.

CasE IV: 0% N-S, 100% VERTICAL, 100% E-W (EARTHQUAKE FORCES ACT DOWNWARD)
When the earthquake forces act in the downward direction:
T = Ntan ¢+ [c BL]
where, N (normal force} = 2 Fv = Wc + Wp + EQvc + EQvp

We Wp EQvc EQvp
N=2852K+9045K + 1,982 K + 629 K = 6,368 K

N ) c B L
T=6,368 Kxtan 0°+2.1 ksfx 30t x67ft =4,221 K

The driving force, V, is defined as:

V = Fag + EQhp + EQhc
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SLIDING STABILITY AT INTERFACE BETWEEN THE SOIL CEMENT BENEATH THE PADS AND IN SITU CLAYEY SOILS

The factor of safety against sliding is calculated as follows:

T Fagpw EQhp EQhcew
F'S soit Cement to Clayey son = 4,221 K+ (622.7 K + 643 K + 2,212 K) = 1.25 {Minimurn
(3,377.7 K)

The factor of safety against sliding is higher than this if the lower-bound value of p is used
(= 0.2), because the driving forces due to the casks would be reduced.

Ignoring the passive resistance acting on the sides of the pad, the resistance to sliding is
the same in both directions; therefore, for this analysis, the larger value of EQhc (i.e.,
acting in the E-W direction) was used. Even with these conservative assumptions, 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 if the full undrained strength of the underlying
soils is engaged to resist sliding.

MINIMUM SHEAR STRENGTH REQUIRED AT THE BASE OF THE PADS TO PROVIDE A FACTOR OF
SAFETY OF 1.1

The minimum shear strength required at the base of the pads to provide a factor of safety
of 1.1 is calculated as follows:

T  Fagew EQhp EQhcew
FS=T+(522.7K+643 K +2,212K) > 1.1

(3.377.7 K)
— T 21.1x3377.7K=3,7155K

Dividing this by the area of the pad results in the minimum acceptable shear strength at
the base of the pad:

2
37155K _ K ( ft ) x1000I0S _ 10 g4 psi

- 3715.5K _, o5 K
T 30nx67R % “l12m. K
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ADHESION BETWEEN THE BASE OF PAD AND UNDERLYING CLAYEY SOILS

The preceding analysis demonstrates that the static undrained strength of the soils
underlying the pads is sufficient to preclude sliding of the cask storage pads for the 2,000-
yr return period earthquake with a peak horizontal ground acceleration of 0.711g,
conservatively ignoring the passive resistance acting on the sides of the pads. This
analysis assumes that the full static undrained strength of the clay is engaged to resist
sliding. To obtain the minimum factor of safety required against sliding of 1.1, 88% (=
1.85 ksf (required for FS=1.1} = 2.1 ksf available) of the undrained shear strength must be
engaged, or in other words, the adhesion factor between the base of the concrete storage
pads and the surface of the underlying clayey soils must be 0.88. This adhesion factor, ca,
is higher than would normally be used, considering disturbance that may occur to the
surface of the subgrade during construction of the pads. Therefore, an “"engineered
mechanism" is required to ensure that the full strength of the clayey soils is available to
resist sliding of these pads.

Ordinarily, a foundation key would be added to extend the shear plane below the
disturbed zone and to ensure that the full strength of the clayey soils are available to resist
sliding forces. However, adding a key to the base of the storage pads would increase the
stiffness of the foundation to such a degree that it would exceed the target hardness
limitation of the hypothetical cask tipover analysis. Therefore, PFS decided to construct
the cask storage pads on (and within) a layer of soil cement constructed throughout the
entire pad emplacement area.

As shown in Figure 3, the soil cement will extend to the bottom of the eolian silt or a
minimum of 1 ft below the base of the storage pads and up the vertical face at least 2 ft.
In the sliding stability analysis, it is required that the following interfaces be strong
enough to resist the sliding forces due to the design earthquake. Working from the bottom
up, these include:

1. The interface between the in situ clayey soils and the bottom of the soil cement, and

2. The top of the soil cement and the bottom of the concrete storage pad.

The purpose of soil cement below the pads is to provide the "engineered mechanism”
required to effectively transmit the sliding forces down into the underlying clayey soils.
The techniques used to construct soil cement are such that the bond between the soil
cement and the underlying clayey soils will exceed the undrained strength of the
underlying clayey soils.

DeGroot (1976) indicates that this bond strength can be easily obtained between layers of
soil cement. He performed nearly 300 laboratory direct shear tests to determine the effect
of numerous variables on the bond between layers of soil cement. These variables
included the length of time between placement of successive layers of soil cement, the
frequency of watering while curing soil cement, the surface moisture condition prior to
construction of the next lift, the surface texture prior to construction of the next lift, and
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various surface treatments and additives. His results demonstrated that, with the
exception of treating the surface of the lifts with asphalt emulsion, asphalt cutback, and
chlorinated rubber compounds, the bond strength nearly always exceeded 12.84 psi, the
minimum required value of shear strength of the bond between the base of the pads and
the underlying material. The minimum bond strength he reports, other than for the
asphalt and chlorinated rubber surface treatments identified above, is 7.7 psi. This value
applied for only one test (Sample No. 15R-149, Series No. 3, Spec. No. 12) that was
performed on a sample that had no special surface treatment along the lift line. This test,
however, was anomalous, since all of the other specimens in this series had bond
strengths in excess of 38.5 psi. He reports that nearly all of the specimens that used a
cement surface treatment broke along planes other than along the lift lines, indicating that
the bond between the layers of soil cement was stronger than the remainder of the
specimens. Excluding the specimens that did not use the cement surface treatment, the
minimum bond strength was 47.7 psi, which greatly exceeds the bond strength (12.84 psi)
required to obtain an adequate factor of safety against sliding of the pads without
including the passive resistance acting on the sides of the pads.

DeGroot reached the following conclusions:
1. Increasing the time delay between lifts decreases bond.
High frequency of watering the lift line decreases the bond.
Moist curing conditions between lift placements increases the bond.
Removing the smooth compaction plane increases the bond.
Set retardants decreased the bond at 4-hr time delay.

Asphalt and chlorinated rubber curing compounds decreased the bond.

N o oaos e

Small amounts of cement placed on the lift line bonded the layers together, such
that failure occurred along planes other than the lift line, indicating that the bond
exceeded the shear strength of the soil cement.

DeGroot (1976) noted that increasing the time delay between placement of subsequent lifts
decreases the bond strength. The nature of construction of soil cement is such that there
will be occasions when the time delay will be greater than the time required for the soil
cement to set. This will clearly be the case for construction of the concrete storage pads
on top of the soil-cement surface, because it will take some period of time to form the pad,
build the steel reinforcement, and pour the concrete. He noted that several techniques
can be used to enhance the bond between lifts to overcome this decrease in bond due to
time delay. In these cases, more than sufficient bond can be obtained between layers of
soil cement and between the set soil-cement surface and the underside of the cask storage
pads by simply using a cement surface treatment.

DeGroot’s direct shear test results demonstrate that the specimens having a cement
surface treatment all had bond strengths that ranged from 47.7 psi to 198.5 psi, with the
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average bond strength of 132.5 psi. Even the minimum value of this range greatly exceeds
the bond strength (12.84 psi) required to obtain a factor of safety against sliding of 1.1,
conservatively ignoring the passive resistance available on the sides of the pads.
Therefore, when required due to unavoidable time delays, the techniques DeGroot
describes for enhancing bond strength will be used between the top of the soil cement and
succeeding lifts or between the top of the soil cement and the concrete cask storage pads,
to assure that the bond at the interfaces are greater than the minimmum required value.
These techniques will include roughening and cleaning the surface of the underlying soil
cement, proper moisture conditioning, and using a cement surface treatment.

The shear strength available at each of the interfaces applicable to resisting sliding of the
cask storage pads will exceed the undrained strength of the underlying clayey soils. The
soil cement beneath the pads is used as an "engineered mechanism" to ensure that the full
static undrained shear strength of the underlying clayey soils is engaged to resist sliding
and, as shown above, the minimum factor of safety against sliding of the pads is 1.25
when the static undrained strength of the clayey soils is fully engaged. This value exceeds
the minimum value required for the factor of safety against sliding (=1.1); therefore, the
pads constructed on top of a layer of soil cement have an adequate factor of safety against
sliding.

LIMITATION OF STRENGTH OF SOIL CEMENT BENEATH THE 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 ~2 ft below most of the pads. Thus, the area available to
resist sliding will greatly exceed that of the pads alone. The hypothetical cask tipover
analysis imposes limitations on the modulus of elasticity of the soils underlying the pad.
The modulus of elasticity of the soil cement is directly related to its strength; therefore, its
strength must be limited to values that will satisfy the modulus requirement, but it must
still provide an adequate factor of safety with respect to sliding of the pads embedded
within the soil cement.

Table 5-6 of Bowles (1996) indicates E = 1,500 s,, where s, = the undrained shear
strength. Note, su is half of qu, the unconfined compressive strength.

Based on this relationship, E = 750 qu,
Where E = Youngs modulus
gu = Unconfined compressive strength

An unconfined compressive strength of 100 psi for the soil cement under the pad will limit
the modulus value to 75,000 psi. Thus, designing the soil cement to have an unconfined
compressive strength that ranges from 40 psi to 100 psi will provide an adequate factor of
safety against sliding and will limit the modulus of the soil cement under the pads to an
acceptable level for the hypothetical cask tipover considerations.
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Son. CEMENT ABOVE THE BASE OF THE PADS

Soil cement also will be placed between the cask storage pads, above the base of the pads.
Earlier versions of this calculation demonstrated that this soil cement could be designed
such that its compressive strength alone would be sufficient to resist all of the sliding
forces due to the design earthquake. However, as shown above, this soil cement is NOT
required to resist sliding of the pads, because there is sufficient shear strength at the
interfaces between the concrete pad and the underlying soil cement and between that soil
cement and the underlying clayey soils that the factor of safety against sliding exceeds the
minimum required value. The pads are being surrounded with soil cement so that PFS
can effectively use the eolian silt found at the site to provide an adequate subbase for
support of the cask transporter. The eolian silt, otherwise, would be inadequate for this
purpose and would require replacement with imported structural fill. The soil cement
surrounding the pad may also help to spread the seismic load into the clayey soil outside
the pad area to engage additional resistance against sliding of the pad. This effect would
result in an increase in the factor of safety against sliding.

The unconfined compressive strength of the soil cement adjacent to the pads needs to be
at least 50 psi to provide an adequate subbase for support of the cask transporter, in lieu
of placing and compacting structural fill, but it likely will be at least 250 psi to satisfy the
durability requirements associated with environmental considerations (i.e., freeze/thaw
and wet/dry cycles) within the frost zone (30 in. from the ground surface).

The beneficial effect of this soil cement on the factor of safety against sliding can be
estimated by considering that the passive resistance provided by this soil cement is
available resist sliding before a sliding failure has occurred. In this case, the shear
strength of the clayey soils under the pad must be reduced to the residual strength,
because of the strains required to reach the full passive state. Note, the soil cement is
much stiffer than normal soils; therefore, these strain levels will not be as high as they
typically are for soils to reach the full passive state.

The results of the direct shear tests, presented as plots of shear stress vs horizontal
displacement in Attachment 7 of Appendix 2A of the SAR (copies included in Attachment
D). illustrate that the residual strength of these soils is nearly equal to the peak strength.
Looking at the test results for the specimens that were tested at confining stresses
comparable to the loading at the base of the cask storage pads, oy ~2 ksf, at horizontal
displacements of ~0.025" past the peak strength, there is ~1.5% reduction in the shear
strength indicated for Sample U-1C from Boring C-2. Note, the horizontal displacement of
~0.025" past the peak strength corresponds to a horizontal strain of ~1%, since the
diameter of these specimens was 2.5". Also note that Boring C-2 was drilled within the
pad emplacement area. The results for Sample U-18A from Boring CTB-S showed no
decrease in shear strength following the peak at ~0.025" horizontal displacement, and
Samples U-3B&C from Boring CTB-6 showed a decrease of ~5%.
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Based of these results, conservatively assume that the strength of the clayey soils beneath
the soil cement layer underlying the pads is reduced by 5% to account for horizontal
straining required to reach the full passive resistance of the soil cement adjacent to the
pad. This results in resisting forces acting on the base of the soil cement layer beneath
each pad of 0.95 x 2.1 ksfx 30 ft x 67 ft = 4,010 K.

Assuming the soil cement adjacent to the pad is constructed such that its unconfined
compressive strength is 250 psi, its passive resistance acting on the 2'-4" thickness of soil
cement adjacent to the pad will provide an additional force resisting sliding in the N-S
direction of:

T. x233ftx30ft=2,516K

5C Adjacent to Padg N&sS =

2
507 &t | *1.0001bs

in.2

Ibs (12m.)2 K
X

Clay Soil Cement
Tns =4,010K+ 2,516 K=6,526 K

The resulting F'S against sliding in the N-S direction is calculated as:

Tn-s Faens EQhp Eghcns
F'S paa to Clayey Sofl N-S w/Passive = 0,526 K + (234 K + 643 K + 2,102 K) = 2.19
(2,979 K)

Ignoring the passive resistance provided by the soil cement adjacent to the pads, it is
appropriate to use the peak shear strength of the underlying clayey soils, and the resulting
FS against sliding in the N-S direction is calculated as:

Tn-s Faens EQhp Eqhcns

FS raato Clayey Soil N-S w/o Passive = 4‘,221 K = (234 K+643 K + 2,102 K) =1.42
(2,979 K)

The resulting FS against sliding in the E-W direction will be even higher, since there is
much greater length available to resist sliding in that direction. It is calculated as:

T, =250 x2.33ftx 67t =5,620K

SC Adjacent to Pad g g w in 2

lbs _(12in. 2 K
ft 1,000 Ibs

Clay Soil Cement
Tew=4,010K + 5,620 K = 9,630 K

Tew Facew EQhp EQhcew
FSpadto Clayey Soil EW = 9,630 K + (5227 K+643K + 2,212 K) =2.85
(3.377.7 K)
These values are greater than the minimum value (1.1) required for factor of safety against
sliding, and they ignore the beneficial effects of the 1 to 2-ft thick layer of soil cement
underneath the concrete pad. Therefore, adding the soil cement adjacent to the pads does
enhance the sliding stability of each pad.




STONE & WEBSTER, INC.

5010.65 CALCULATION SHEET
CALCULATION IDENTIFICATION NUMBER
J.0. OR W.0. NO. DIVISION & GROUP CALCULATION NO. | OPTIONAL TASK CODE PAGE 29
05996.02 G(B) 04 -8

SLIDING RESISTANCE OF ENTIRE N-S COLUMN OF PADS

The resistance to sliding of the entire column (running N-S) of pads exceeds that of each
individual pad because there is more area available to engage more shearing resistance
from the underlying soils than just the area directly beneath the individual pads. The
extra area is provided by the 5-ft long x 30-ft wide plug of soil cement that exists between
each of the pads in the north-south direction. This analysis assumes that the soil cement
east and west of the long column of pads provides no resistance to sliding, conservatively
assuming that the soil cement somehow shears along a vertical plane at the eastern and
western sides of the column of 10 pads running north-south.

Consider a column of 10 pads with 2’-4" of soil cement in between the pads and at least 1’
of soil cement under the pads:

Cask Earthquake Loadsns= 10x 2,102 K = 21,020 K
Inertial forces due to Pads + Soil Cement:
Weight of Pads = 10x904.5K = 9,045K
Weight of Soil Cement = 9x3.33ftx30ftx5ftx0.10kips/ft3 = 450 K
+10x30ftx67ftx1ftx0.10kips/ft3 = 2,010K
Total Weight = 11,505 K

Inertial forces due to Pads + Soil Cement =0.711 x 11,505 K = 8,180 K
Dynamic active earth pressure acting in the N-S direction = 234 K
Total driving force in N-S direction = 21,020 K + 8,180 K+ 234 K = 29,434 K

Ignoring Passive Resistance at End of N-S Column of Pads

This analysis conservatively ignores the passive resistance of the soil cement adjacent to
the northern or southern end of the N-S column of pads. The resistance to sliding in the
N-S direction is provided only by the shear strength of the soils underlying the soil cement
layer beneath the pads (i.e., along Line IT in Figure 8). This case uses the soil cement
beneath the pads as the engineered mechanism to bond the pads to the underlying clayey
soils so that their peak shear strength can be engaged to resist sliding. As shown in
Figure 7 on p. C2 of Attachment 2, the shear strength of the clayey soils under the pads is
2.1 ksf. The effective stresses under the soil cement between the pads is less than that
directly under the pads; therefore, the shear strength available to resist sliding is lower. As
shown in this figure, the shear strength available to resist sliding of the soil cement
between the pads is 1.4 ksf. Using these strengths, the total resisting force is calculated
as follows:
Soil cement
Tns=10padsx 30 ft x 67 ft X 2.1 ksf + 9 zones between the pads x 30 ft x 5 ft x 1.4 ksf,

or Tn.s = 42,210 K + 1,890 K = 44,100 K
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Total driving force in N-S direction = 21,020 K + 8,180 + 234 K = 29,434 K, as calculated
above.

The resulting FS against sliding in the N-S direction is calculated as:

Tn-s Driving Forcey.s
F'S pad to Clayey sou n-s = 44,100 K + 29,434 = 1.50

Ignoring Passive Resistance at End of E-W Row of Pads

The resulting FS against sliding in the E-W direction will be even higher, because the soil
cement zone between the pads is much wider (35 ft vs 5 ft) and longer (67 ft vs 30 ft)
between the pads in the E-W direction than those in the N-S direction. The cask driving
forces in the E-W direction are slightly higher than in the N-S direction, 10 pads x 2,212 K
= 22,120 K vs 10 pads x 2,102 K = 21,020 K, resulting in an increased driving force of
22,120 K- 21,020 K = 1,100 K. The resistance to sliding in the E-W direction is increased
much more than this, however. The increased resistance to sliding E-W = 35 ft x 67 ft x
1.4 ksf = 3,283 K / area between pads in the E-W row, compared to 5 ft x 30 ft x 1.4 ksf =
210 K / area between pads in the N-S column. Thus, the factor of safety against sliding of
a row of pads in the E-W is much greater than that shown above for sliding of a column of
pads in the N-S direction.

Including Passive Resistance at End of N-S Column of Pads

In this analysis, the resistance to sliding in the N-S direction includes the full passive
resistance at the far end of the column of pads, which acts on the 2'-4" height of soil
cement along the 30-ft width of the pad in the E-W direction.

Assuming the soil cement adjacent to the pad is constructed such that its unconfined
compressive strength is 250 psi, its full passive resistance acting on the 2'-4" thickness of
soil cement adjacent to the pad will provide a force resisting sliding in the N-S direction of:

s 2
T — 950 Ibs x(lzm.) K

SC Adjacent to Pad g n& s =

x 2.33ft x 30 ft =2.516 K
in? ft 1,000 Ibs ~ %

The total resistance based on the peak shear strength of the underlying clayey soil is

Soil cement
Tns = 10 pads x 30 ft x 67 ft x 2.1 ksf + 9 zones between the pads x 30 ft x 5 ft x 1.4 ksf, or

Tns = 42,210K + 1,890 K= 44,100 K

As discussed above, conservatively assume that the strength of the clayey soils beneath
the soil cement layer underlying the pads is reduced to its residual strength (i.e., by 5%) to
account for horizontal straining required to reach a strain that will result in the full
passive resistance of the soil cement adjacent to the pad.
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"TN-S Residual Strength = 0.95x44,100K=41,805 K

Clay Soil Cement
Tns=41,895K+ 2,516 K=44,411 K

The resulting FS against sliding in the N-S direction is calculated as:

Tn-s Driving Forcen.s
FS padto Clayey Soil N-S = 44,411 K+ 29,434 K=1.51

Including Passive Resistance at End of E-W Row of Pads

The resulting FS against sliding in the E-W direction will be even higher, since there is
much greater length available to resist sliding in that direction. The cask driving forces in
the E-W direction are slightly higher than in the N-S direction, 10 pads x 2,212 K = 22,120
K vs 10 pads x 2,102 K = 21,020 K, resulting in an increased driving force of 22,120 K -
21,020 K = 1,100 K. The resistance to sliding in the E-W direction is increased more than
this, including only the difference between the length vs the width of the pad. The soil
cement adjacent to the pad provides (67 ft + 30 ft} x 2,516 K, or 5,619 K of resistance
based on the full passive pressure acting on the length of the pad, which is an increase of
5,619 K - 2,516 K = 3,103 K compared to the resistance provided by the soil cement to
sliding in the N-S direction. This is greater than the increase in driving forces in the E-W
direction; therefore, the factor of safety against sliding will be higher in the E-W direction.
The soil cement zone between the pads also is much wider and longer between the pads in
the E-W direction; therefore, there will be even more resistance to sliding E-W than N-S.

DETERMINE RESIDUAL STRENGTH REQUIRED ALONG BASE OF ENTIRE COLUMN OF PADS IN N-S
DIRECTION, ASSUMING FULL PASSIVE RESISTANCE IS PROVIDED BY 250 psi SOoIL CEMENT
ADJACENT TO LAST PAD IN COLUMN

To obtain FS = 1.1, the total resisting force, T, must =
1.1 x {Cask Earthquake Loads + (Wt of Pads + Wt of Soil Cement) x 0.711 + Fag n.s]
=1.1x[{21,020K + (11,505 K x 0.711) + 234 K]
Therefore, Trs=11 = 32,378 K

In this case, the resisting forces to sliding in the N-S direction include all of the passive
resistance at the far end of the column of pads. which acts on the 2'-4" height of soil
cement along the 30" width of the pad in the E-W direction + the 1' minimum thickness of
s0il cement under the pads.

Assuming the soil cement adjacent to the pad is constructed such that its unconfined
compressive strength is 250 psi, the passive resistance acting on the 2'-4" thickness of soil
cement adjacent to the pad + a minimum of 1’ below the pad will provide a force resisting
sliding in the N-S direction of:
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Ibs _(12in. YV K
TSCAdjacent toPadg NS = 250 il’l‘z X( ft ] X 1’000 bs x3.33ftx30ft= 3,596 K

Base Area, A, of a column of 10 pads is given by

A=10x30ftx67ft + 9x30ftx5ft

A= 20,100 ft2  + 1,350 ftz = 21,450 ft2 '

Therefore the minimum shear strength required to provide the resisting force T is given by

Tns = T X area (A)
Tn-s =Tpad X 20,100 ft2 + Tson cement X 1,350 ft2= 32,378 K - 3,596 K = 28,782 K
Trad = 2.1 ksf & Tso cement = 1.4 ksf; thus, Tson cement = (1.4 + 2.1) X Tpaa = 0.67 X Teaa
Tn-s = Traa X 20,100 ft2 + 0.67 X Tpaa x 1,350 ft2 = Tpaa X 21,000 fi2
Tpad X 21,000 ft2 = 28,782 K
Trag = 28,782 K + 21,000 ft2 = 1.37 ksf

The peak shear strength of the clayey soils is 2.1 ksf. Therefore, the maximum reduction
in peak strength permitted to obtain a factor of safety of 1.1 is calculated as:

At = 1.37 + 2.1 = 0.65.

In other words, the residual strength of the underlying clayey soils must drop below 65%
of the peak shear strength before the factor of safety against sliding in the N-S direction of
an entire column of pads will drop below 1.1.

Repeating this analysis, but ignoring the passive resistance of the soil cement adjacent to
the pads at the northern or southern end of the column of pads,

Tn-s =Tpaa X 20,100 ft2 + Tson Cement X 1,350 ft2= 32,378 K

Tpaa = 2.1 KST & Tson cement = 1.4 ksf; thus, Tson cement = (1.4 + 2.1) X Tpaa = 0.67 X Tpaa
Tns = Tpad X 20,100 ft2 + 0.67 X Trag X 1,350 ft2 = Tpaa X 21,000 fi2
Traa X 21,000 ft2 = 32,378 K

Tpad = 32,378 K= 21,000 ft2 = 1.54 ksf

The peak shear strength of the underlying clayey soils is 2.1 ksf. Therefore, the maximum
reduction in peak strength permitted to obtain a factor of safety of 1.1 is calculated as:

AT = 1.54 +2.1 =0.73.

In other words, even if the beneficial effects of the soil cement adjacent to the last pad in
the N-S column of pads is ignored, the residual strength only needs to exceed 73% of the
peak strength of the clayey soils to obtain a factor of safety against sliding in the N-S
direction of an entire column of pads that is greater than 1.1.




. STONE & WEBSTER, INC.
5010.65 CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER
J.0O. OR W.0. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE PAGE 33
05996.02 G(B) 04-8

As discussed above, the direct shear test results indicate that the greatest reduction
between the peak shear strength and the residual shear strength is less than 5% for the
specimens tested at effective stresses of 2 ksf, which are comparable to the final stresses
under the fully loaded pads. The average reduction from peak stress is ~20% for the
specimens tested at effective vertical stresses of 1 ksf. Therefore, there is ample margin
against sliding of an entire column of pads in the N-S direction.

SLIDING RESISTANCE OF LAST PAD IN COLUMN OF PADS ("EDGE EFFECTS")

Since the resistance to sliding of the cask storage pads is provided by the strength of the
bond at the interface between the concrete pad and the underlying soil cement and by the
bond between the soil cement under the pad and the in situ clayey soils, the sliding
stability of the pads at the end of each column or row of pads are no different than that of
the other pads. Therefore, the pads along the perimeter of the pad emplacement area also
have an adequate factor of safety against sliding.

WIDTH OF SOIL CEMENT ADJACENT TO LAST PAD TO PROVIDE FULL PASSIVE RESISTANCE

As discussed above, the provided by the full passive resistance of the soil cement with an
unconfined compressive strength of 250 psi acting on the last pad in the column of pads +
a 1-ft thick layer of soil cement under the pad is:

x333ftx30ft=3596K

Ibs _(12mn.) K
TSCAdjacenttoPad@N&s = 250 in.2 X( ft ) X 1,000 lbs

Base Area required to provide this shear resistance = 30 ft x Ln.s x 1.4 ksf, where 1.4 ksfis
the shear strength of the underlying clayey soil for the effective vertical stress (~0.4 ksf) at
the base of the soil cement layer beyond the end of the column of pads ~ See p C2.

Lns = 3,596 K + (30 ft x 1.4 ksf) = 85.62 ft.

Less than half of this amount is actually required due to 3D effects, similar to analysis of
laterally loaded piles. Further, as shown above, the factor of safety against sliding of these
pads exceeds the minimum allowable value without taking credit for the passive resistance
provided by the soil cement adjacent to the pads. Therefore, this soil cement is not
required for resisting sliding. However, the soil cement will be constructed adjacent to the
pads, and it will extend further than this from the pads at the perimeter of the pad
emplacement area. This soil cement will enhance the factor of safety against sliding,
providing defense in depth against sliding of these pads due to the design ground motion.
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‘1 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 eement 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.
Farthquake 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 35° 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
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EVALUATION OF SUDING ON DEEP SLIP SURFACE BENEATH PADS

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, NNW =T,
where T is the shearing resistance of the block on the sliding surface.
Shearing resistance, T= tArea
where T= Ontan¢

on= Normal Stress

¢ = Friction angle of cohesionless layer
on= Net Vertical Force/Area
= {Fy - Fyeq/Area
T= (Fv-Fyeq) tan ¢

= N = [([Fv-Fyeqtan ¢l / W

The maximuin relative displacement of the pad relative to the ground, um , is calculated as
up = [V2 (1 - N/A}] / (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.

Unm = 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., ay = 0.711g and
av = 0.695¢. 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
= 0.711 x 48 = 34.1 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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EVALUATION OF SLIDING ON DEEP SLIP SURFACE BENEATH PADS
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, IIIB, and IIIC, in which the pads are
unloaded due to uplift from the earthquake forces. '

Case [TIA 40% N-S direction,-100% Vertical direction, 40% E-W direction.
Case [IIB  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
1A 0.284g 13.7 0.695¢ 0.284g 13.7
1B 0.284g 13.7 0.278g 0.711g 34.1
mc 0.711g 34.1 0.278¢ 0.284g 13.7

Load Case IIIA: 40% N-S direction, -100% Vertical direction, 40% E-W direction.
Static Vertical Force, F, = W = Weight of casks and pad = 2,852 K + 904.5 K = 3,757 K
Earthquake Vertical Force, Fyeg = av X W/g = 0.695¢g x 3,757 K/g = 2,611 K

¢= 30°

For Case IIIA, 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

Fy Fv gqx ¢ W
N= [(3,757 - 2,611) tan 30°} / 3,757 = 0.176

40% N-S  40% E-W
Resultant acceleration in horizontal direction, A = (0.2842 + 0.2842) = 0.402¢g

40% N-S 40% E-W
Resultant velocity in horizontal direction, V = 4/(13.7% +13.7%) = 19.4 in./sec

= N/A=0.176/ 0.402 = 0.438

The maximum displacement of the pad relative to the ground, um, calculated based on
Newmark (1965]) is
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EVALUATION OF SLIDING ON DEEP SLIP SURFACE BENEATH PADS
um = [V2 (1 - N/A)] / (2gN)

where g is in units of inches/sec2.

- u, =[(19.4 in. /sec)? -(1—0.4:38)]=L56

2-386.4in./sec?-0.176

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. For N/A values
between 0.15 and 0.5 the data in Figure 5 is bounded by the expression

Un = [vz]/ (2gN)

. 2
S u = (19.4 m./se:) -7
2.386.4in. /sec*-0.176

In this case, N /A is = 0.438; therefore, use the average of the maximum displacements;
i.e., 0.5 (1.56 + 2.77) = 2.2” . Thus the maximum displacement is ~2.2 inches.

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

Static Vertical Force, Fy =W = 3,757 K
Earthquake Vertical Force, Fveqg = 2,611 Kx 0.40 = 1,044 K
| o= 30°
Fv Fy Eqk ¢ W
N= [{3.,757 - 1,044} tan 30°] / 3,757 = 0.417
40% N-S  100% E-W
Resultant acceleration in horizontal direction, A = \ﬁ0.2842 +0.711%) g = 0.766¢

40% N-S 100% E-W
Resultant velocity in horizontal direction, V = ﬁ13.7 2434.1%) = 36.7 in./sec

= N/A=0417 / 0.766 = 0.544

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

V2 (1 -N/A) /(28 N)

. ) [(36.7 in. /secf -(1- 0-544)) =1.91"

=
S
I

Yy : Z.
2-386.4in. /sec”- 0.417
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EVALUATION OF SLIDING ON DEEP SLIP SURFACE BENEATH PADS

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 ~1.9 inches.

Load Case OIC: 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 IIIC is the same as those for Case lIIB.

SUMMARY OF HORIZONTAL DISPLACEMENTS CALCULATED BASED ON NEWMARK'S METHOD FOR
WORST-CASE HYPOTHETICAL ASSUMPTION THAT CASK STORAGE PADS ARE FOUNDED DIRECTLY ON
COHESIONLESS SOILS WITH ¢ = 0 AND NO SOIL CEMENT

LOAD COMBINATION DISPLACEMENT
Case IIIA 40% N-S | -100% Vert 40% E-W 2.2 inches
Case IIIB 40% N-S -40% Vert 100% E-W 1.9 inches
Case IIIC 100% N-S -40% Vert 40% E-W 1.9 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 ~1.9 inches to 2.2 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
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EVALUATION OF SLIDING ON DEEP SLiP SURFACE BENEATH PADS

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
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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FIGURE 3

DETAIL OF SoIL CEMENT UNDER &
ADJACENT TO CASK STORAGE PADS
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(Fia, 42-7, SAR Rev.21)
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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) = ¥ Fy = Fy static + Fv qe
¢ = 0° (for Silty Clay/Clayey Silt)
¢ = 1.8 ksf, as discussed above under "Geotechnical Properties.”
B = 240 feet
L = 279.5 feet

The driving force, V, is calculated as follows:
V= \fFfzm—s +Fig w

SLIDING STABILITY OF THE CANISTER TRANSFER BUILDING ON IN SITU CLAYEY 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, S&W, 2001). In this
case, the strength of the clayey soils at the bottom of the 1.5-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° 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.

The backfill to be placed around the Canister Transfer Building mat and 1.5-ft deep key
will be soil cement, constructed from the eolian silt silty clay that was excavated from the
area. For soil cement constructed using these soils, it is reasonable to assume the lower
bound value of yis 100 pcf, ¢ = 0° & ¢ = 125 psi.

For the soil cement, Pp = 2¢
For 5' of soil cement, using a factor of safety of 2 applied to the passive resistance,
# _144-in® K

X

2x125 X
sa 2 2
p = 2XC_ in. ft 1000# _ o K

P FS 2 LF
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The CTB mat is 240" wide in the E-W direction and 279.5 long in the N-S direction;
therefore, the total passive force available to resist sliding is at least 240’ x 90 K/LF =
26,500 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 5 ft height of the mat + 1.5-ft
deep key = 0.005 x 6.5 ft x 12 in./ft = 0.39 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 2.6-13. 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 of the Canister Transfer Building founded on in situ silty
clay/clayey silt with soil-cement backfill around the mat.

The sliding stability for Cases lIIA, IIIB, and IIIC was calculated by summing the driving
forces using the SRSS rule, but without similarly sumrming the passive resisting forces.
The sliding stability for Cases IVA, IVB, and IVC were calculated by summing both the
driving forces and the passive resisting forces using the SRSS rule, which is believed to
more realistically represent the actual condition. As expected, the sliding stability
calculated for Case IV generally gives a higher factor of safety against sliding than those for
Case I

These results indicate that the factors of safety are acceptable for all load combinations.
The lowest factor of safety was 1.13, which applies for Case IIIC, where 100% of the
dynamic earthquake forces act in the N-S direction and 40% act in the other two
directions. These results are all > 1.1, the minimum value required for sliding.

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 III
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Therefore, these analyses are performed only for Load Cases IIIA, IIIB, and HIC. As
described above, these load cases are defined as follows:

Case IIIA.  40% N-S direction, -100% Vertical direction, 40% E-W direction.
Case lIIB 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 ¢ = 38° 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 all load cases (i.e., Load Cases IIIA, IlIB, and IIIC}. 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 cu
dynamic ~ 1.5 X Custae. 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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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) = ¥ Fy = Fy static + Fv eqk
¢ = 0° (for Silty Clay/Clayey Silt)
¢ = 1.7 ksf, as discussed above under "Geotechnical Properties."”
B =240 feet
L =279.5 feet
The driving force, V, is calculated as follows:

V= #Fﬁn-s +Fie w

SLIDING STABIITY OF THE CANISTER TRANSFER BUILDING ON IN S1TU CLAYEY SOILS

Based on Half of the Passive Resistance of the Soil Cement and the Peak Strength
of the Clayey Soils Under the Building

The sliding stability of the CTB was evaluated using the foundation loadings developed in
the soil-structure interaction analyses (Calculation 05996.02-SC-5, S&W, 2001). In this
case, the strength of the clayey soils at the bottom of the 1.5-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, approximately 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, and Figures 7 and 8 present plots of peak shear stress vs normal stress
measured in these tests. As discussed above under Geotechnical Properties, ¢ = 0° and a
shear strength of 1.7 ksf were used for the clayey soils underlying the Canister Transfer
Building in determining resisting forces for the earthquake loading combinations.

The unconfined compressive strength of the soil cement adjacent to the Canister Transfer
Building will be at least 250 psi. These analyses assume that the peak shear strength of
the clayey soils under the Canister Transfer Building are available to resist sliding along
with up to half of the passive resistance of the soil cement.

The backfill to be placed around the Canister Transfer Building mat and 1.5-ft deep key
will be soil cement, constructed from the eolian silt and silty clay that was excavated from
the area. For soil cement constructed using these soils, it is reasonable to assume the
lower bound value of y is 100 pcf, ¢ = 0° & ¢ = 125 psi.
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For the soil cement, P, = 2¢ x Dsx (B or L)

For 5’ of soil cement, using a factor of safety of 2 applied to the passive resistance,

. 2
ax125 " 144 B gh0ft
n

X X
p - 2xexD xw _ 2 ft2 1,000# LF _ g0 K

P FS 2 LF

The CTB mat is 240’ wide in the E-W direction and 279.5’ long in the N-S direction;
therefore, the total passive force available to resist sliding is at least 240" x 90 K/LF =
21,600 K acting in the N-S direction in the analyses that use the peak strength of the
clayey soils under the building.

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 soil cement 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 5 ft height of the mat + 1.5-ft
deep key = 0.005 x 6.5 ft x 12 in./ft = 0.39 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 along with the resistance provided by
the peak shear strength of the clayey soils enclosed within the perimeter key at the base
of the mat.

The results of the sliding stability analysis of the Canister Transfer Building for this case
are presented in Table 2.6-13. In this table, the comnponents of the driving and resisting
forces are combined using the SRSS rule. All of these factors of safety are greater than
1.1, the minimum required value. These results indicate that the factors of safety are
acceptable for all load combinations examined. The lowest factor of safety is 1.15, which
applies for Cases IIIC and IVC, where 100% of the dynamic earthquake forces act in the N-
S direction and 40% act in the other two directions.

These results are conservative, because they 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. Note, Newmark and
Rosenblueth (1973) indicate:

"In all cohesive soils reported to date, strength and stiffness increase markedly with
strain rate (Figs. 13.6 and 13.7). An increase of the order of 40 percent is common
for the usual strain rates of earthquakes, above the strength and stiffness of static
tests.”

Schimming et al, (1966), Casagrande and Shannon (1948, and Das (1993} all report
similar increases in strength of cohesive soils due to rapid loading. Therefore, since these
results are based on static shear strengths, they represent conservative lower-bound
values of the factor of safety against sliding of the Canister Transfer Building founded on
in situ silty clay/clayey silt with soil-cement backfill around the mat.
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Based on the Full Passive Resistance of the Soil Cement and the Residual Strength
of the Clayey Soils Under the Building

Before a complete sliding failure can occur, the full passive resistance of the soil cement
must be engaged. Because the strains associated with reaching the full passive state
typically are large for soils, in the analyses where the full passive resistance of the soil
cement adjacent to the mat is used, the shear strength of the clayey soils under the
building is reduced to a conservative estimate of the residual shear strength, based on the
results of the direct shear tests.

The results of the direct shear tests, presented as plots of shear stress vs horizontal
displacement in Attachment 7 of Appendix 2A of the SAR (annotated copies are included in
Attachment C of this calculation), illustrate that the residual strength of these soils is
nearly equal to the peak strength for those specimens that were tested at confining
stresses of 2 ksf. For example, for Sample U-1C from Boring C-2, at horizontal
displacements of ~0.025" past the peak strength, there is ~1.5% reduction in the shear
strength indicated. Note, the horizontal displacement of ~0.025" past the peak strength
corresponds to a horizontal strain of ~1%, since the diameter of these specimens was 2.5".
The results for Sample U-1AA from Boring CTB-S showed no decrease in shear strength
following the peak at ~0.025" horizontal displacement, and Samples U-3B&C from Boring
CTB-6 showed a decrease of ~5%. The specimens that were tested at confining stresses of
1 ksf all show reductions of ~20% at horizontal displacements of ~0.025" past the peak.

The final effective vertical stresses at the base of the Canister Transfer Building, o'y, are
~1.5 ksf, now that the mat has been changed to 240 ft x 279.5 ft. This value is
approximately half-way between the confining stresses of 1 and 2 ksf used for several of
the direct shear tests. The residual strength of the clayey soils beneath the building are
expected to show reductions from the peak strength of ~12.5%, since the final effective
stresses under the building are ~1.5 ksf. Therefore, based of these results, conservatively
assume that the peak strength of the clayey soils beneath the soil cement layer underlying
the pads is reduced by 20% to reach residual strength, to account for horizontal straining
required to reach a strain applicable to the full passive resistance of the soil cement
adjacent to the pad.

The results of the sliding stability analysis of the Canister Transfer Building for this case
are presented in Table 2.6-14. In this table, the components of the driving and resisting
forces are combined using the SRSS rule. All of these factors of safety are greater than
1.1, the minimum required value. These results indicate that the factors of safety are
acceptable for all load combinations examined. The lowest factor of safety is 1.26, which
applies for Cases IIIC and IVC, where 100% of the dynamic earthquake forces act in the N-
S direction and 40% act in the other two directicns. These results demonstrate that there
is additional margin available to resist sliding of the building due to the earthquake loads,
even when very conservative estimates of the residual shear strength of the clayey soils are
used.
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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 IIIL
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 ¢ = 38° 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 all load cases (i.e., Load Cases IIIA, IIIB, and IIIC). 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 cu
dynamic ~ 1.5 X Cu statie. 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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Table 2.6-13

Sliding Stability of Canister Transfer Building Using Shear Strength Along Bottom of Plane Formed by 1.5-
ft Deep Perimeter Key and Half of Resistance from Soil Cement Using Peak Strength of Clay
' N-S Vert EW | Static |  Earthquake
Joint| MASSX | MASSY | MASSZ| a, | a, | a | F, |Shearys| F, | Shearpy
kesec?/ft | ksec?/ft | ksec®/ft g g g k k k k
0 | 2601 | 2601 | 260.1 | 1.047 | 0783 | 0920 | 8368 | 8761 | 6551 | 7.699
1 1 908 O 1 908 O 1 908 O l 047 0 783 0. 920 61 380 64 265 48 055 56.470
2 420 4 420 4 420 4 1.11 1 0 821 0.994 13 524 15 023 11,106 13 446
3 304 3 304 3 170 3 1.778 O 913 1 185 9 789 17 402 8,939 6 493
4 144 7 117 1 144 7 1 215 O 928 1 408 3,767 5 656 3,495 6 554
5 1.0 27 6 1 O 0 000 1.840 0. 000 888 0 1.634 0
6 1.0 1.0 134.0 0.000 0.000 2.166 32 0 0 9,336
CTB Mat Dimensions: B= 240.0 ft (E-W) Totals =] 97,749 111,108 79,779 99,997
Depth = 5 ft L= 2795 ft(N-S) Resisting Driving
For ¢ = 0.0 degrees ¢ = 1.70 N (k) T (k) V (k) FS
1A Fusiate) 40% Fyys) i 100% Fyeqg | 40% Frew
97,749 44,443 -79,779 39,999 17,970 135,999 59,792 2.27
Earthquake Fustaug 40% Fyyns) 40% FV(Fq;) 100% F 1HEW) . v o .
Vertical Forces I11B o 2
Acting Up 97.749 | 44443 | -31,912 | 99997 | 65837 | 135999 | 109,429 | 1.24
e Fustotie) 100% Fysy | 40% Fygqa | 40% Frew
97,749 111,108 -31,912 39,999 65,837 135,999 118,088 1.16
VA Fustatio) 40% Fyynsy | 100% Fygqy| 40% Figew)
97,749 44,443 79.779 39,999 177,529 135,999 59,792 2.27
Earthquake Fusang | 40% Fing | 40% Fyggq | 100% Frgw) ;
Vertical Forces IVB o : 2
Acting Down 97749 | 44443 | SLO12 | 99907 | 129661 | 185999 | 109.420 124
Ve Fstatic) 1 100% Fus) ; 40% Fueqq 40% Frew 5
97,749 l 111,108 , 31,912 | 839,999 129,661 | 135,999 118,088 i 1.15
Soil Cement AFy, for q, (psi) = 260 | 21,600 N/A 25,155 | for FSgc = 2.0
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Table 2.6-14 b
[} - 3 - - - O :-'
Sliding Stability of Canister Transfer Building Using Shear Strength Afong Bottom of Plane Formed by 1.5- ac
ft Deep Perimeter Eey and Resistance from Soil Cement Using Residual Sirength = 80% of Peak Strength off o
g N-S Vert EW | Statle | = FEurthquake  [2°
Joint| MASSX MASSY MASSZ| a, & & | B |Shearss F, | Shearsw| €.
ksec? f it ksec® /Rt Rsec? g 0 g k k x | k ;
> 260, 260, 2603 L0sTF 0.783 0.920 6,585 8751 i 4531 | T.E¥ e
B I - T I DU Mmoo Os wond sl L eesl b c
i 18080 1WE80 ; 1.ee0 L7 . 0783 0.920 61,380 | B4.265 | 48,085 | 356.4T0 s
z 45.0.4 4204 420.4 L1l &E2] 0.994 13,524 | 15025 | 15,106 13246 |0 %
3 304.3 304.3 170.3 1.778 2.913 -.185 9,789 705 £.958 5493 |° &
- - - - - - - femeen e - - P [ - - x
4 144.7 117.1 144.7 1.2:5 D38 . 1208 5,767 5,656 3,495 6,354 e
—_— ——— s ememe - .. s . M e e e . —_ - <
5 1.0 a7 1.3 0,002 1.840 0.0a0 588 Q LG54 '
6 1.0 1.C 134.0 0,002 LOCC 2.156 32 0 C 9,336 &
£TB Mat Dimensicns: B= 2400 ftER Totals =| 97,748 | 111,108 79,779  99.997 &
-
Depth = 5 £ L= 2795 fc(N-S Resisting Dricing L >
g o =
Fory= 00  degrees c= 138 K (k) T (k) V(&) S <
N Fomarg | 5059 Fugiey 10093 Mgy | 40% Fiipey &
M 27,740 | 44443 7o TFe T 399099 { 1FATD 148336 3¢ TR 2.49
. EHTJQ?EE - Tosarg | 0% Fups 06 Fupggy 1003 Fegp o %
ertic o] o - =
Acting Dp = 27748 1 43443 -31,813 90997 | BRET 148536 109.429 1.38 2
e A L0 T gy MR Ry 43% Fiypeay = F
$7.7¢48  IL1C8  -31.§12 39990 | 65857 | 148586 118088 ; 126 [B 3
Fasse 0% Py o IOD% Tygege 4059 Pupy i i 2
Iva ' | ! 3
orTIe 42243 | oTaTTe 20890 | 1TTSRG | 145583 | 5o,702 | 2,48 3
. E-”4’3'?-‘"‘!“[_':_‘wI Fale o "m . Famsn % Tpug | 0% Tan: 1508 Fage I } o
€ orces i : -
Acting Down | ST 4448 | 318972 #8007 | 133661 ° 148555 L T4 42 1.36 T
. ! Fozigq 2 19055 Fgs,” WS Fgny | 0% ey ’ ?
T | 111,106 33,912 | 55985 | 120561 148,585 [i508E 1.2 s
Soii Cement 2Fy for o, {psi) = 250 P 43,200 i 50,212 for FSg; = 1.0
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