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As we have noted in many previous decisions, Private Fuel Storage (PFS) is a
consortium of electric utility companies that applied for an NRC license to build and to operate,
on the Reservation of the Skull Valley Band of Goshute Indians some 50 miles southwest of
Salt Lake City, an aboveground facility for the temporary storage of spent fuel rods from the
nation’s nuclear reactors. The Band would derive substantial income from making its
Reservation available to the Applicant for the facility, which is intended to serve as the spent
fuel’'s way-station before the coming to fruition of the permanent underground repository long
planned for Nevada’'s Yucca Mountain.

The State of Utah and the Southern Utah Wilderness Alliance (SUWA), among others,
challenged a number of aspects of the proposed facility. During a nine-week evidentiary trial,
which was held in Salt Lake and at NRC Headquarters and ended in mid-2002, the Applicant
PFS -- responding to the State’s and SUWA'’s contentions -- attempted to demonstrate that its

proposal was acceptable in terms of meeting certain safety and environmental regulatory
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criteria established under federal law, including the Atomic Energy Act and the National
Environmental Policy Act (NEPA).

One of those issues, which we resolve today, stemmed from the State’s so-called
“geotechnical” contentions (denominated Utah L and QQ), involving whether the design of the
proposed facility is sufficient to withstand any seismic forces it is likely to face as a
consequence of earthquakes that might affect it." Those contentions derive from the
Commission’s regulations governing site evaluations, under which proposed sites must be
examined in terms of the “frequency and severity of external natural and man-induced events
that could affect [the facility’s] safe operation.” 72 CFR § 72.90(b). In terms of seismic forces,
this in turn requires the facility be designed to withstand the so-called “design basis
earthquake,” or “safe shutdown earthquake” ? (a term used in this field to similar purpose as the
“credible accident” concept which underlay our recent decision on aircraft crash likelihood).

For purposes of understanding and deciding the seismic issues, the proposed facility’s
design can be simply described. Being a facility for storage only, it consists essentially --
insofar as seismic risks are involved -- of a canister transfer building (CTB) and an array of 500
concrete pads on which the spent fuel storage casks would sit. Other onsite structures that
support the facility’s storage mission raise no seismic risk concerns.

In the CTB, canisters -- sealed at the nuclear power plant at which they originated --
containing spent fuel rods would be transferred from (1) the transportation casks within which

they traveled by rail to the facility, to (2) the storage casks which will sit upon the concrete pads.

' Apart from certain issues about potential aircraft accidents that have arisen since our
March 10 decision on that subject and that will be considered at two May 29 Board sessions,
this Board has remaining before it only one issue, SUWA'’s environmental contention
concerning the placement down Skull Valley of the proposed rail line that would service the
facility. For its part, our sister Board has before it several issues about the Applicant’s financial
qualifications, which it anticipates will be decided shortly.

210 C.F.R. Part 100, Appendix A, referenced in 10 C.F.R. § 72.102(b).



3
Those transfers of canisters into the storage casks will be facilitated by the CTB’s overhead
bridge crane and semi-gantry crane. The application envisions the eventual emplacement of up
to 4000 of the storage casks on the concrete pads.

The seismic issues before us concern the stability, during possible earthquakes, of
those storage casks, which will be some 20 feet tall and 11 feet in diameter, made of concrete
sandwiched between layers of stainless steel. Openings in the top and bottom of the casks are
designed to create natural air circulation that would provide the level of cooling then needed by
the canisters of spent fuel (which before being transported to Skull Valley would have been
cooled for any number of years in pools of water -- and perhaps in dry storage as well -- at the
various nuclear power plants at which the fuel originated). Concern was expressed at the
hearing about the casks tipping over, either in the CTB (which can hold only five casks at a
time) or on the concrete pads, with consequent potential rupturing of the fuel rods or diminution
of the natural cooling they need.

A very large, dual-tracked transporter vehicle would straddle and lift a storage cask in
order to move it (at 2 miles per hour and 4 inches off the ground) from the CTB to the concrete
pad upon which it will sit. The pads -- each 67 feet long and 30 feet wide -- will be made of 3
foot thick reinforced concrete. The pads will be separated from each other by 5 feet in the long
direction; in the other direction, they will be separated by 35 feet in order to provide a travel
lane for the transporter vehicle to place the casks in a 4 x 2 array on each pad.

To provide support to the pads and the CTB, the Applicant proposes to underlay and to
surround them with a mixture of soil and cement. Depending on the proportions of each
constituent contained therein, the various mixtures are known as “soil-cement” or “cement-
treated soil,” the former being of more substantial quality and of greater strength.

We have previously described Skull Valley as being framed by the Stansbury Mountains

to the East and the Cedar Mountains to the West: our recent decision on the risk of aircraft
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crashes (LBP-03-04, 57 NRC___ ) provides that and other information about the local
geography. For purposes of geotechnical analysis, important nearby features, in addition to the
faults associated with those mountains, include the Wasatch Fault, just East of Salt Lake City,
as well as two previously-unknown faults (informally named the East and West faults)
discovered through the Applicant’s investigations.

As will be seen, the State filed a number of contentions that were eventually reshaped
into the specific issues which came to hearing before us. In essence, the major issues the

State raised involved the following six topics:

. the characterization of the site’s subsurface soils, which the State charges was
inadequate;
. the proposed uses of soil-cement to overcome foundation sliding, which the

State asserts involve novel and untested techniques;

. the assumptions about facility behavior which underlie the seismic design, which
assumptions the State says are flawed;

. the stability of the casks during a design basis earthquake, which the State urges
has not been adequately demonstrated;

. the exemption from the long-standing “deterministic” standard for predicting
ground motion in favor of a “probabilistic” one, which the State challenges as
unsupported; and

. the ability of the facility to comply, after a design basis earthquake, with
established radiological dose consequences standards, which the State believes
will not be met.

On the facts presented, we find that the Applicant has met its burden of proof on all these
seismic-related issues. Although the State presented thoughtful, valuable evidence that tested
many aspects of the Applicant’s presentation, the Applicant’s position essentially withstood that
scrutiny.

In this decision, we explore at some length all the sub-issues which underlie the main

topics outlined above, and explain why we reject the conclusions the State would have us

reach. Atthe same time, we recognize the seriousness of the questions the State raised; the
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extensive exploration of those questions in the hearing should provide reassurance to the
State’s citizens that the merits of the Applicant’s proposal have been thoroughly scrutinized. In
addition, the State brought to the fore two conflict-of-interest concerns that, although eventually
found not to undercut the evidence to which those concerns related, plainly warranted analysis.

We set forth herein all the subsidiary findings needed to address the six major issues
that the State raised about the scope and result of the Applicant’s seismic investigations and
analyses. Our determinations on those six major issues lead inexorably to the ultimate safety
findings: based on the preponderance of the evidence in the record and taking into account the
nature of the seismic forces the facility is predicted to encounter and the investigations and
analyses that have been conducted, the Applicant’s proof on the issues in controversy -- which
was essentially supported by the NRC Staff based on its lengthy pre-hearing review of the
application and related materials -- enables us to say, with the required degree of certainty, that
(1) the spent fuel casks would not tip over during a design basis seismic event; and (2) even if
one or more casks were to tip over, the spent fuel canister inside would not break or melt. It
bears mention as well that, as both the Commission and this Board have previously indicated,
even if a canister were to break or melt, the absence of significant dispersive forces would

mitigate the consequences of such an event.



Not surprisingly given the complex nature of the contentions and the evidence, our
decision today, so briefly summarized above, is a very long one. In Parts | and Il, we set forth
certain preliminary information about the genesis, development and reshaping of the State’s
contentions (including the efforts the parties made to put forward a consensus re-statement of
those contentions, which arose over a lengthy period of time), and about the facility design and
the State’s concerns. We then turn in Parts Il through VIII to address each of the six major
concerns the State raised.

Those first eight parts of the decision -- ending on page 105 -- provide in narrative form
an overview of the underlying reasoning that led us to the results we reach. Those eight parts,
in turn, are keyed to Part IX, in which we provide a lengthy “Detailed Analysis of Record and
Findings of Fact” [hereinafter referred to as “Findings”] that reviews the evidence and includes
determinations either providing support for, or resulting from, the opinions and holdings
expressed in the earlier, narrative portion of the decision. Finally, in Part X, we recite briefly our
formal Conclusions of Law and our Order.

An outline of the entire decision’s contents is provided below. A separate table of

contents for Part IX begins on page 106.
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I. BACKGROUND

A. Contention Utah L
The State’s first geotechnical challenge to the application, Contention Utah L, was
submitted in November 1997 and admitted into the proceeding in April 1998. See LBP-98-7, 47

NRC 142, 253, reconsideration granted in part and denied in part on other grounds, LBP-98-10,

47 NRC 288, aff'd on other grounds, CLI-98-13, 48 NRC 26 (1998). As admitted, Utah L

framed the State’s geotechnical concern as follows:

The Applicant has not demonstrated the suitability of the proposed ISFSI site

because the License Application and [Safety Analysis Report] do not adequately

address site and subsurface investigations necessary to determine geologic

conditions, potential seismicity, ground motion, soil stability and foundation

loading.
LBP-98-7, 47 NRC at 253. In support of its contention, the State submitted bases that
addressed the following issues: (1) surface faulting; (2) ground motion; (3) characterization of
subsurface soils; and (4) soil stability and foundation loading. LBP-01-39, 54 NRC 497,501
(2002).

According to the current Commission regulation governing the ISFSI seismic design,
potential licensees, such as PFS, proposing facilities located west of the Rocky Mountain Front,

must comply with the standards regarding seismic stability requirements for nuclear power

plants contained in 10 C.F.R. Part 100, App. A. See 10 C.F.R. § 72.102(b). Appendix A
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requires nuclear power plants to be designed to withstand the ground motions of a “safe
shutdown earthquake.”™ 10 C.F.R. Part 100, App. A. The regulation requires potential
licensees to determine the safe shutdown earthquake -- or what has also been referred to as a
design basis earthquake (DBE) -- using a deterministic methodology established in Appendix A.
Id.

In 1997, the Commission amended sections of Part 100 to allow nuclear power plants to
use a probabilistic analysis that accounts for the probability that an earthquake of a particular
intensity will occur within a given time span rather than limiting the analysis to the intensity of
the earthquake. See CLI-01-12, 54 NRC 459, 461 (2001). See also 10 C.F.R. § 100.23
(establishing the Commission’s probabilistic seismic analysis for nuclear power plants). This
amendment, however, was not made applicable to the methodology established for ISFSI
licenses in Appendix A.

Later, in 1998, the Staff proposed a new rulemaking plan that would conform the
regulations governing ISFSIs to the amended rule for nuclear power plants, allowing ISFSIs as
well to use a probabilistic methodology in their seismic analysis. See SECY-98-126,
Rulemaking Plan: Geological and Seismological Characteristics for Siting and Design of Cask
[ISFSIs], 10 C.F.R. Part 72 (June 4, 1998). According to the Commission, this new approach
would allow ISFSI applicants to design facilities based either on a 1000-year return period or on
a 10,000-year return period (depending upon the amount of potential radiation a person outside

the facility’s proposed boundary would receive if the structure in question were to fail).

® The safe shutdown earthquake is defined by 10 C.F.R. Part 100, App. A as:
that earthquake which is based upon an evaluation of the
maximum earthquake potential considering the regional and local
geology and seismology and specific characteristics of local
subsurface material. It is that earthquake which produces the
maximum vibratory ground motion for which certain structures,
systems, and components are designed to remain functional.
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CLI-01-12, 53 NRC at 462. Under the new rule, structures that would cause radiation doses to
exceed the maximum limits prescribed by Commission regulations would be designed to
withstand a 10,000-year DBE, while all other facilities would be designed to withstand a
1000-year DBE. |d.

On April 2, 1999, the Applicant submitted an exemption request to the NRC Staff that
would allow the Applicant to use a probabilistic seismic hazard analysis (PSHA) based upon a
1000-year DBE. LBP-99-21, 49 NRC 431, 433-34 (1999). According to the Applicant, its
preliminary probabilistic analysis indicated that the “relative risk” at the proposed site warranted
a DBE with much lower ground accelerations than required under Part 100's deterministic
approach. Id. at 434. This exemption request was of particular concern to the State because,

as noted by the Staff, the Applicant’s facility could not meet the deterministic seismic

gualifications applicable under the existing regulations.*

In response to the Applicant’s exemption request, the State filed a motion requesting
that the Board either (1) require the Applicant to make its exemption request under the
provisions of 10 C.F.R. § 2.758(b), which governs the consideration of Commission rules in
adjudicatory proceedings, or (2) allow the State to amend its contention to contest the
Applicant’s exemption request. LBP-99-21, 49 NRC at 434-35. Both the Applicant and the
Staff opposed these requests. Id.

We denied both of the State’s requests. The first request was denied because section
2.758(b) was found to be inapplicable to the proceeding at that time. Id. at 439. And the
request to allow the State to modify its contention was also denied, because we found it to be
premature. Id. In that regard, we informed the State that this matter would not be ripe for

consideration unless and until the Staff took favorable action on the Applicant’s request. Id.

4 See id. at 435-35; NRC Staff's Response to [State] Request for Admission of Late-
Filed Modification to Basis 2 of Contention Utah L (Nov. 29, 2000) at 2.
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In August 1999, the Applicant modified its request to reflect a 2000-year return period
earthquake. And, on December 15, 1999, the Staff issued its Safety Evaluation Report (SER)
in which it noted that it planned to grant the exemption request based upon this 2000-year
return period interval. LBP-00-15, 51 NRC 313, 315 (2000).

In response to the Staff's SER, the State filed another request to modify Utah L to
address the Applicant’s exemption request. Id. at 316. The modified contention requested that
the Board require the Applicant either (1) to use a probabilistic methodology based upon a
10,000-year return period earthquake or (2) to comply with the current deterministic analysis
requirement of 10 C.F.R. § 72.102(f). 1d. at 316.

Both the Applicant and Staff opposed the State’s request but for different reasons. Id.
at 316-17. The Applicant argued that the State’s request was outside the scope of the
proceeding, an impermissible challenge to the Commission’s regulations, and immaterial. Id.
Taking a slightly different approach, the Staff contended that the request was not yet ripe
because the SER did not grant the exemption but merely indicated the Staff’s intended
approval. Id. at 317. The Staff also asserted that the State’s proposed modification was an
impermissible challenge to Staff activity and outside the scope of the exemption request. 1d.
We denied the State’s request, this time advising the State that such a request would not be
ripe for adjudication until the Staff officially granted the Applicant’s request. Id. at 318.

On September 29, 2000, the Staff issued its final SER, which noted that the Staff had
completed its review of the Applicant’s exemption request and concluded that the use of PSHA
methodology with a 2000-year return period is acceptable for the proposed PFS facility. See
[SER] Concerning the [PFS] Facility at 2-42 (Sept. 29, 2000). In response, the State again filed
a request to modify Utah L to address the Applicant’s exemption, and the State requested that if
the Board found that it did not have the authority to address the State’s concerns, the Board

certify or refer the matter to the Commission. See LBP-01-03, 53 NRC 84, 89-90 (2001).
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According to the State, the Staff’s support for its decision to grant the Applicant’s exemption is
deficient because:

(1) it fails to comply with the 1998 rulemaking plan, which provides only for

1000-year and 10,000-year design basis ground motion return periods, and fails

to take into account (a) the radiological consequences of a failed design, or

(b) the PFS failure to demonstrate that the PFS facility and its equipment will

protect against exceeding the dose limitations of 10 C.F.R. § 72.104(a) or can

withstand a 2000-year return period earthquake; (2) the reasons relied upon by

the Staff for permitting the 2000-year return period -- lower hazard compared to

commercial power reactors, Department of Energy (DOE) category-3 facility

performance characteristics, an exemption granted to DOE relative to ISFSI

storage of Three Mile Island, Unit 2 fuel at DOE’s Idaho National Engineering

and Environmental Laboratory (INEEL) -- are flawed or not compelling; and (3) a

2000-year return interval does not provide an adequate level of conservatism

given the higher Utah new building construction/highway bridge design levels

and the 30 to 40-year facility operating period. See id. at 6-14.

Id. at 90 (citing [State] Request for Admission of Late-Filed Modification to Basis 2 of
Contention Utah L (Nov. 9, 2000) at 6-14).

In opposing the State’s request, the Applicant argued that (1) the Board lacked
jurisdiction to hear the issue; (2) it was an improper challenge to a Commission regulation; and
(3) the State failed to support the modification with an adequate basis. LBP-01-3, 53 NRC at
90. For its part, the Staff requested that the Board certify or refer the issue to the Commission
to definitively answer the question of whether the State’s attack on the Applicant’s exemption
request was permissible in this adjudicatory proceeding or in the alternative that we deny the
State’s request outright for failing to provide a litigable contention. Id. at 91.

On January 31, 2001, we issued a Memorandum and Order admitting in part and
denying in part the State’s proffered modifications to Utah L. Id. at 101. In addition, having
decided that the exemption matter was one that we believed could only be resolved by the
Commission, we certified to the Commission the question of “whether the State’s contention

Utah L challenge to the April 1999 PFS seismic exemption request should be litigated in this

proceeding.” Id
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In accordance with its policy to accept Board certifications of issues that warrant early
resolution, the Commission granted review of the Board’s certified question and found that the
State’s exemption-related claims could be litigated in this proceeding. CLI-01-12, 53 NRC at
461. In doing so, the Commission classified the State’s challenge in the following manner:

what [the State] proposes to litigate is whether PFS’s ISFSI design, which is

dependent on an exemption from otherwise controlling seismic regulations, is

adequate to withstand plausible earthquake risks. Viewed this way, [the State’s]

proposed revised Contention [Utah L] plainly puts into play safety issues that are

material to licensing and suitable for consideration at an NRC hearing.
Id. at 465-66. Having decided the jurisdictional issue, the Commission remanded the matter to
us, because it concluded that the Board, not the Commission, was the proper forum to hear a
State challenge in the first instance. Id. at 476. Following the Commission decision, the Board,
in an attempt to clarify the terms of Utah L in light of the recent decisions, split the issues into
two parts. The State’s exemption request was denominated Part B of Utah L, with the original
four bases of the contention being Part A.°

After discovery was held on Part B, the Applicant filed for summary disposition thereon
on November 9, 2001, insisting that there no longer remained a genuine dispute of material fact

concerning Part B. LBP-02-01, 55 NRC 11, 14 (2002). The Staff supported the Applicant’s

request, while the State opposed it. Id. at 14-15.

® See Memorandum and Order (Requesting Joint Scheduling Report and Delineating

Contention Utah L) (Jun. 15, 2001). The Board further explained this division in a subsequent
decision:

Part A challenges the Applicant’s efforts to show that its facility

design generally meets the requirements of the NRC’s rules and

regulations regarding seismic risk. Part B challenges the

Applicant’s efforts to rely upon an exemption from meeting one

part of those rules and regulations and to substitute another

method for demonstrating that the potential seismic risk is being

properly addressed.
LBP-02-01, 55 NRC 11, 14 (2002).
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After reviewing the arguments, we found that the State’s experts had presented
sufficient evidence to create doubt about the Applicant’s claims that there no longer remained a
dispute of material fact. Id. at 18. In that regard, we determined that Part B of Utah L could be
resolved only after a full hearing on the matter, so we rejected the Applicant’s motion. 1d. We
also ordered the parties to combine Part B of Utah L with Part A of Utah L and the newly-
admitted Utah QQ (see discussion below) to create a unified geotechnical contention that we
believed would aid the presentation and understanding of the issues in the upcoming hearing.
Id.
B. Contention Utah QQ

While we were dealing with the Applicant’s exemption request as raised in Part B of
Utah L, discovery was completed on the remaining seismic issues that comprised Part A of
Utah L, and the Applicant, on December 30, 2000, filed for summary disposition of Part A. See
LBP-01-39, 54 NRC 497, 502 (2001). In support of its claim that there no longer remained a
dispute of material fact concerning Part A, the Applicant pointed to several geotechnical tests
and analyses that it argued addressed the issues raised in the State’s contention. 1d. at
512-16. The State, in opposing the Applicant’s motion, submitted a list of material facts that it
claimed were still in dispute and a collection of expert affidavits to support this claim. Id. at 503.
In its response, the Staff submitted its own collection of expert affidavits in support of the
Applicant’s motion. Id.

As we were deliberating over the parties’ submissions, on March 30, 2001, the Applicant
filed its 22nd of 23 license amendments, to incorporate revised design basis ground motions
anticipated at the proposed site. In response to this amendment, the State submitted a motion

to add a new contention -- Contention Utah QQ (Seismic Stability) -- dealing with the Applicant’s
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revised calculations. See [State]'s Request for Admission of Late-Filed [Utah QQ] (May 16,
2001) [hereinafter State Request].
As submitted, the Utah QQ, titled “Seismic Stability,” states:

PFS's site specific investigations, laboratory analyses,
characterization of seismic loading, and design calculations,
including redesign of soil cement, [fn.] fail to demonstrate that

a) the newly revised probabilistic seismic hazard design basis
ground motions have been correctly and consistently applied to
the Canister Transfer Building ("CTB"), storage pads, and their
foundations; b) PFS's general design approach, including the
redesign of soil cement, for the CTB, storage pads, or storage
casks can safety withstand the effects of earthquakes; and c) the
foundation design of the CTB, storage pads, and the underlying
soils, or the stability of the storage casks, are adequate to safely
withstand the newly revised probabilistic seismic hazard design
basis ground motions. 10 C.F.R. §§ 72.102(c), (d); 72.122(b).

[fn.] PFS uses the term "soil cement" but the more correct term is
"cement-treated soil." See Mitchell Dec. [ 12. The use of the term
"soil cement" in this filing does not imply the State accepts that
PFS will, in fact, use soil cement.

State Request at 2-3. In support of its contention, the State proffered a “basis presentation”
that alleged that the Applicant’s revised design “is unsupportable and creates significant safety
concerns.” Id. The basis presentation was divided into four areas of concern:

(1) application of the new design basis ground motion to the

[Canister Transfer Building] and its foundation system;

(2) application of the new design basis ground motion to the

storage casks and the storage pads; (3) survivability and durability

of cement-treated soil for the redesigned [Canister Transfer

Building] and storage pad foundation systems; and

(4) overestimation of the sliding resistance provided by the

clayey-silt and silty-clay underlying the [Canister Transfer

Building] and storage pads.
See LBP-01-39, 54 NRC at 518.

On June 19, 2001, the State submitted a motion to revise Utah QQ to reflect another set

of recently submitted Application revisions. The Applicant opposed this motion, but the Staff

believed that the request was, at least in part, valid. On August 23, the State submitted a



18

second request to modify its contention, to address yet another set of Applicant recalculations.
Again, the Applicant opposed the State’s motion and the Staff indicated that the request was
valid in part. Id. at 504.

On December 26, 2001, we issued a Memorandum and Order admitting Utah QQ, as
well as denying the Applicant’s motion for summary disposition of Part A of Utah L. Id. at 524.
The Board also granted the State leave to amend the bases of Utah QQ to reflect the revisions
submitted by the Applicant. 1d. at 521. In addition, the Board ordered the parties to create a
statement that combined the thrust of both Part A of Utah L and Utah QQ (and later Part B of
Utah L, see discussion above) to help the parties better to prepare for the then-upcoming
hearing. 1d. at 521.
C. Unified Contention L/QQ

In response to our order, on January 16, 2002, the parties submitted Unified
Geotechnical Contention, Utah L and Utah QQ (Utah L/QQ) setting forth the remaining
geotechnical issues and their supporting bases. Joint Submittal of Unified Geotechnical
Contention, Utah L and Utah QQ (Jan. 16, 2002) (PFS Exh. 237) [hereinafter Unified Utah
L/QQ]. The new unified contention Utah L/QQ contained five sections.

Section A, which deals with surface faulting and Section B, which deals with ground
motion, were drawn from bases 1 and 2 of the original Part A of Utah L. They read as follows:

A. Surface Faulting.

1. The Applicant’s approach to surface faulting is neither integrated nor
comprehensive and is inadequate to assess surface rupture at the
site in that:

a. The Applicant has not used soil velocity data obtained from its
seismic cone penetration tests in order to convert the seismic
reflection data to show depth of marker beds.
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b. The Applicant’s conclusion that the structural grain of the valley runs
northwest does not account for the east-west Pass Canyon and the
topographic embayment at the east-west trending Rydalch Pass.

c. The Applicant has failed to collect any seismic tie lines perpendicular
to the east-west lines shot in 1998 in order to correlate the 1998 lines
among themselves or with the Geosphere and GSI lines, nor are the
placement and number of seismic lines adequate to determine the
length and projected locations of the East or West faults and other
unnamed faults.

B. Ground Motions.

1. The Applicant’s failure to adequately assess ground motion places undue
risk on the public and the environment and fails to comply with 10 CFR
§ 72.102(c) in that:
a. The Applicant has not conducted a fully deterministic seismic hazard
analysis that meets the requirements of 10 C.F.R. Part 100
Appendix A.
Id. at 1-2.
Prior to the hearing, the parties stipulated to the facts and issues in Section A and B.
See Joint Stipulation of Facts and Issues Not in Dispute with Respect to [Utah L/QQ]
(Geotechnical) (Jan. 31, 2002). Thus, no further consideration was given to them.
Section C of Utah L/QQ, which addresses the Applicant’s characterization of the
proposed site’s subsurface soils, includes both the original basis 3 of Utah L, Part A and the
portion of Utah QQ that deals with the Applicant’s proposed use of soil-cement. As submitted,

Section C reads:

C. Characterization of Subsurface Sails.

1. Subsurface Investigations

The Applicant has not performed the recommended spacing of borings
for the pad emplacement area as outlined in NRC Reg. Guide 1.132,
"Site Investigations for Foundations of Nuclear Power Plants, Appendix
C.ll
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2. Sampling & Analysis

The Applicant's sampling and analysis are inadequate to characterize the
site and do not demonstrate that the soil conditions are adequate to resist
the foundation loadings from the design basis earthquake in that:

a. The Applicant has not performed continuous sampling of critical soil

layers important to foundation stability for each major structure as
recommended by Reg. Guide 1.132 Part C6, Sampling.

The Applicant's design of the foundation systems is based on an
insufficient number of tested samples, and on a laboratory shear
strength testing program that does not include strain-controlled cyclic
triaxial tests and triaxial extension tests.

3. Physical Property Testing for Engineering Analyses

a. The Applicant has not adequately described the stress-strain

d.

behavior of the native foundation soils under the range of cyclic
strains imposed by the [DBE].

The Applicant has not shown by case history precedent or by
site-specific testing and dynamic analyses that the cement-treated
soil will be able to resist earthquake loadings for the [Canister
Transfer Building (CTB)] and storage pad foundations as required by
10 C.F.R. § 72.102(d).

The Applicant has not considered the impact to the native soil
caused by construction and placement of the cement-treated
soil, nor has the Applicant analyzed the impact to settlement,
strength and adhesion properties caused by placement of the
cement-treated soil.

The Applicant has not shown that its proposal to use
cement-treated soil will perform as intended - i.e., provide
dynamic stability to the foundation system - and the Applicant
has not adequately addressed the following possible
mechanisms that may crack or degrade the function of the
cement-treated soil over the life of the facility:

(i) shrinkage and cracking that normally occurs from drying, curing
and moisture content changes.

(ii) potential cracking due to vehicle loads.

(iii) potential cracking resulting from a significant number of
freeze-thaw cycles at the Applicant's site.
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(iv) potential interference with cement hydration resulting from the
presence of salts and sulfates in the native soils.

(v) cracking and separation of the cement-treated soil from the
foundations resulting from differential immediate and long-term
settlement.

e. The Applicant has unconservatively underestimated the dynamic

Young's modulus of the cement-treated soil when subjected to impact

during a cask drop or tipover accident scenario. This significantly

underestimates the impact forces and may invalidate the conclusions
of the Applicant's Cask Drop/Tipover analyses.
Unified Utah L/QQ at 2-3.
Section D, which deals with the facility’s proposed seismic design and foundation
stability, covers the remainder of Utah L, Part A, while Section E, which deals with the seismic

exemption, covers what was originally Utah L, Part B. They read as follows:

D. Seismic Design and Foundation Stability.

The Applicant, in its numerous design changes and revisions to the
calculations, has failed to demonstrate that the structures and their
foundations have adequate factors of safety to sustain the dynamic
loading from the proposed design basis earthquake, and does not
satisfy 10 CFR § 72.102(c) or (d) or § 72.122(b)(2) in the following
respects:

1. Seismic Analysis of the Storage Pads, Casks, and Their
Foundation Soils

The Applicant has not demonstrated adequate factors of safety against
overturning and sliding stability of the storage pads and their foundation
system for the [DBE] as outlined by NUREG-75/087, Section 3.8.5,
"Foundation," Section I1.5, Structural Acceptance Criteria, because of the
following errors and unconservative assumptions made by the Applicant in
determining the dynamic loading to the pads and foundations:

a. In spite of proximity to major active faults, the Applicant's calculations
unconservatively assume that only vertically propagating in-phase
waves will strike the pads, casks and foundations, and fail to account
for horizontal variation of ground motion that will cause additional
rocking and torsional motion in the casks, pads and foundations.

b. The Applicant's calculations incorrectly assume that the pads will
behave rigidly during the [DBE]. The assumption of rigidity leads to:
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(i) Significant underestimation of the dynamic loading atop the pads,
especially in the vertical direction.

(ii) Overestimation of foundation damping.

The Applicant has failed to provide a realistic evaluation of the
foundation pad motion with cement-treated soil under and around the
pads in relation to motion of the casks sliding on the pads in that
Applicant's evaluation ignores:

(i) the effect of soil-cement around the pads and the unsymmetrical
loading that the soil-cement would impart on the pads once the
pads undergo sliding motion,

(ii) the flexibility of the pads under DBE loading, and

(iii) the variation of the coefficient of sliding friction between the
bottom of the casks and the top of the pads due [sic] local
deformation of the pad at the contact points with the cask.

The Applicant has failed to consider lateral variations in the phase of
ground motions and their effects on the stability of the pads and
casks.

The Applicant's calculations for cask sliding do not address the
frequency dependency of the spring and damping values used to
model the foundation soils.

The Applicant has failed to consider the potential for cold bonding
between the cask and the pad and its effects on sliding in its
calculations.

. The Applicant has failed to analyze for the potential of pad-to-pad
interaction in its sliding analyses for pads spaced approximately five
feet apart in the longitudinal direction.

In an attempt to demonstrate cask stability, the Applicant's
calculations use only one set of time histories in its non-linear
analysis. This is inadequate because:

(i) Nonlinear analyses are sensitive to the phasing of input motion
and more than one set of time histories should be used.

(ii) Fault fling (i.e., large velocity pulses in the time history and its
variation and effects are not adequately bounded by one set of
time histories.
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i. Because of the above errors, omissions and unsupported
assumptions, the Applicant has failed to demonstrate the stability of
the free standing casks under design basis ground motions. Thus, the
Applicant's analyses do not support the Applicant's conclusions that
excessive sliding and collision will not occur or that the casks will not
tip over. 10 C.F.R. § 72.122(b)(2) and NUREG-1536 at 3-6.

2. Seismic Analysis of the Canister Transfer Building and its Foundation

The Applicant has not demonstrated adequate factors of safety against
overturning and sliding stability of the CTB and its foundation system for the
[DBE] as outlined by NUREG-75/087, Section 3.8.5, "Foundation,” Section 11.5,
Structural Acceptance Criteria,” because of the following errors and
unconservative assumptions made by the Applicant in determining the dynamic
loadings to the CTB and its mat foundation:

a. The Applicant's calculations incorrectly assume that the CTB mat
foundation will behave rigidly during the DBE. The assumption of
rigidity leads to:

(i) Significant underestimation of the dynamic loading to the mat
foundation.

(ii) Overestimation of foundation damping.

b. The Applicant's calculations ignore the presence of a much stiffer,
cement-treated soil cap around the CTB. This soil cap impacts:

(i) Soil impedance parameters.
(if) Kinematic motion of the foundation of the CTB.

c. The Applicant's calculations are deficient because they ignore the
out-of-phase motion of the CTB and the cement-treated soil cap, which
potentially can lead to the development of cracking and separation of the
cap around the building perimeter.

d. The Applicant's calculations unconservatively assume that only vertically
propagating in-phase waves will strike the CTB and its foundations, and
fail to account for horizontal variation of ground motion that will cause
additional rocking and torsional motion of the CTB and its foundations.

E. Seismic Exemption.

Relative to the PFS seismic analysis supporting its application and the
PFS April 9, 1999 request for an exemption from the requirements of

10 C.F.R § 72.102(f) to allow PFS to employ a probabilistic rather than a
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deterministic seismic hazards analysis, PFS should be required either to

use a probabilistic methodology with a 10,000-year return period or

comply with the existing deterministic analysis requirement of section

72.102(f), or, alternatively, use a return period significantly greater than

2000 years, in that:

1.

The requested exemption fails to conform to the SECY-98-126
(June 4, 1998) rulemaking plan scheme, i.e., only 1000-year and
10,000-year return periods are specified for design earthquakes
for safety-important systems, structures, and components
(SSCs) -- SSC Category 1 and SSC Category 2, respectively --
and any failure of an SSC that exceeds the radiological
requirements of 10 C.F.R. § 72.104(a) must be designed for SSC
Category 2, without any explanation regarding PFS SSC
compliance with section 72.104(a).

PFS has failed to show that its facility design will provide
adequate protection against exceeding the section 72.104(a) dose
limits.

The [S]taff's reliance on the reduced radiological hazard of
stand-alone ISFSIs as compared to commercial power reactors as
justification for granting the PFS exemption is based on incorrect
factual and technical assumptions about the PFS facility's mean
annual probability of exceeding a safe shutdown earthquake
(SSE), and the relationship between the median and mean
probabilities for exceeding an SSE for central and eastern United
States commercial power reactors and the median and mean
probabilities for exceeding an SSE for the PFS facility.

In supporting the grant of the exemption based on 2000-year
return period, the [S]taff relies upon the United States Department
of Energy (DOE) standard, DOE-STD 1020-94, and specifically
the category-3 facility SSC performance standard that has such a
return period, notwithstanding the fact the staff categorically did
not adopt the four-tiered DOE category scheme as part of the
Part 72 rulemaking plan.

In supporting the grant of the exemption based on the 2000-year
return period, the [S]taff relies upon the 1998 exemption granted
to DOE for the Idaho National Engineering and Environmental
Laboratory (INEEL) ISFSI for the Three Mile Island, Unit 2 (TMI-2)
facility fuel, which was discussed in SECY-98-071 (Apr. 8, 1998),
even though that grant was based on circumstances not present
with the PFS ISFSI, including (a) existing INEEL design standards
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for a higher risk facility at the ISFSI host site; and (b) the use of a
peak design basis horizontal acceleration of 0.36 g that was
higher than the 2000-year return period value of 0.30 g.

6. Because (a) design levels for new Utah building construction and
highway bridges are more stringent; and (b) the PFS return period
is based on the twenty-year initial licensing period rather than the
proposed thirty- to forty-year operating period, the 2000-year
return period for the PFS facility does not ensure an adequate
level of conservatism.

Id. at 3-7.

Hearings on the three sections of the Unified Contention that remained active (C, D, and
E) were held in Salt Lake City from April 29, 2002 through May 13, May 16 and May 17, and
June 3 through June 8, 2002. An additional two weeks of hearings were held in Rockville,
Maryland from June 17 through June 27, 2002.

D. Witness Qualifications

Over the course of our hearing, we heard testimony from a total of twenty-two expert
witnesses for the various parties, each of whom assessed the Applicant’s seismic design and
analysis. The Board finds that each of the experts proffered are well qualified in their fields of
expertise.

In support of its seismic design and analysis, the Applicant proffered eleven witnesses in
eight panels of one to three witnesses each. These witnesses had degrees in mechanical, civil,
structural, and nuclear engineering as well as countless years of expertise analyzing the
suitability of structures to withstand the effects of earthquake conditions. The Board finds each
of the Applicant’s witnesses to be well qualified in their particular fields of expertise.

For its part, the Staff presented eight expert witness in five panels to support its analysis

and subsequent approval of the Applicant’s proposed seismic design. These witnesses had

degrees in various engineering disciplines as well as numerous years of hands-on experience
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evaluating and analyzing structures and facilities similar in nature to the proposed PFS facility.
The Board also finds the Staff's experts to be well qualified in their particular areas of expertise.

Like the Applicant and the Staff, the State also relied upon the testimony of expert
witnesses to support its claims. To support its challenges to the Applicant’s seismic design, the
State relied upon the expertise of six withnesses. The State’s experts had various areas of
expertise ranging from geotechnical engineering to nuclear physics and they too have logged
countless years of experience analyzing structural response to earthquake conditions. As we
have found with the Applicant and Staff experts, the Board also finds the State’s experts to be

well qualified in their fields of expertise.
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[I. FACILITY DESIGN AND LAYOUT
A. Design and Location

The Applicant proposes to construct and to operate a dry cask storage ISFSI that will
store up to 4000 concrete and steel casks of spent nuclear fuel (SNF). If approved, the license
would allow the Applicant to store SNF at the site for 20 years, with an option to renew the
license for an additional 20 years if needed.

The proposed facility is to be located in the northwest corner of the Reservation of the
Skull Valley Band of Goshute Indians. The Reservation itself is located approximately 50 miles
southwest of Salt Lake City, Utah. There are no large towns within 10 miles of the proposed
facility; the city of Tooele is 27 miles away. The nearest small town, the Goshute Indian
Village, which consists of roughly thirty residents, is located 3.5 miles from the facility. See
Findings A.3.

The proposed facility will contain a restricted zone of approximately 99 acres surrounded
by a chain link security fence and an outer link nuisance fence. An isolation zone and intrusion
detection system will be located between the two fences as a further security measure. In
addition to the storage pads, a Canister Transfer Building (CTB), where the SNF will be
transferred from temporary shipping casks to permanent storage casks, will also be located
within the restricted area. An overhead bridge crane and a semi-gantry crane that will be used
to transfer fuel from shipping to storage casks will be housed in the CTB. See Findings A.6.

According to the Applicant’s proposal, several organizations are responsible for the
design and testing of the proposed facility; representatives of these organizations testified on
behalf of the proposed design in this licensing hearing. Holtec International (Holtec) is
responsible for the design of the HI-STORM 100 Cask System (HI-STORM 100). Stone &

Webster Engineering Corporation (Stone & Webster) is responsible for the proposed facility’s
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design. PFS has the overall responsibility for the planning, design, and operation of the facility
and for providing quality assurance services. See Findings A.12.
B. General State Concerns

Throughout the course of this licensing proceeding, the State has raised six major areas
of concern with the Applicant’s seismic design, each of which is discussed herein at the pages
listed in the respective footnotes: (1) there is an inadequate characterization of the subsurface
soils at the proposed PFS site;® (2) the Applicant’s proposed use of soil-cement to overcome
foundation sliding during an earthquake is a novel and untested technique;’ (3) the Applicant’s
seismic design is flawed due to several assumptions concerning the behavior of the facility
during a seismic event;® (4) the Applicant has not adequately demonstrated the stability of the
storage casks during a DBE;® (5) there is a lack of support for the Applicant’s exemption
request from the deterministic standard that establishes the ground motions for the design of
the proposed storage facility;"° and (6) the proposed facility does not comply with the
Commission’s established standards concerning radiological dose consequences in the event
of a design basis accident at the proposed facility."’

These six State concerns were thoroughly litigated during the course of this proceeding.

In the subsequent sections of this decision (Parts IlI-VIIl), we describe and discuss each one

¢ See pp. 30-39.
" See pp. 40-50.
& See pp. 51-62.
° See pp. 63-86.
% See pp. 87-99.

" See pp. 100-105.
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and render our rulings. In most instances, further explanation of those rulings is reflected in the

detailed analysis and findings contained in Part IX (pp.106-369).
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[ll. CHARACTERIZATION OF SUBSURFACE SOILS

Section C of the State’s unified contention challenges the Applicant’s characterization of
the subsurface soils located beneath the proposed facility’s structures and questions how those
soils will perform in the event of a design basis earthquake (DBE). In particular, the State
contends that the Applicant has not sufficiently characterized the subsurface soils and should
be required to conduct additional sampling and analyses to demonstrate that the subsurface
soils have an adequate margin of safety to protect against potential failure during a DBE.

The Commission’s regulations establishing the comprehensive requirements for
subsurface soils that are to be used to support proposed ISFSI facilities are found in 10 C.F.R
Part 72. These regulations require an extensive site-specific evaluation of subsurface soils if
the proposed site’s soil characteristics directly affect the safety or environmental impacts of the
proposed facility. See 10 C.F.R. § 72.102.

In particular, sites located on areas other than bedrock require an evaluation to
determine their potential for instability due to vibratory ground motions and site-specific
investigations must be conducted to demonstrate that site soil conditions are adequate to
sustain the proposed foundation loads. See 10 C.F.R. § 72.102(c)-(d). It is with this regulatory
framework in mind that the Board examines the State’s challenges to the subsurface soll
characteristics of the proposed facility.

A. Subsurface Soils at the Proposed Facility

The Applicant used several techniques to characterize the proposed facility’s subsurface
soils and to determine their ability to sustain the facility’s anticipated foundation loads. These
techniques included: (1) soil borings; (2) standard penetration tests; (3) dilatometer tests;

(4) cone penetration tests (CPT); (5) seismic CPTs; (6) downhole measurements; and

(7) excavating test pits and trenches. See Findings A.3.
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The upper layer of the subsurface soil profile, which the Applicant labeled Layer 1, was
of the most interest during our proceeding. According to the Applicant’s characterization, Layer
1 is approximately 25 to 30 feet thick, consisting of a mixture of clayey silt, silt, and sandy silt
that is occasionally intermingled with silty clay and silty sand. In its analyses, the Applicant was
able to further divide this significant layer into several sublayers. These sublayers include:
layer 1A, a layer of eolian soils roughly 3 to 5 feet thick; layer 1B,'* a layer of silty clay/clayey
silt varying from 5 to 10 feet thick; layer 1C, a mixture of clayey silt, silt, and sandy silt, roughly
7 to 12 feet thick; and layer 1D, a silty clay/clayey silt mixture with a thickness not exceeding
5 feet. See Findings B.5.
B. Factors of Safety of Foundation Soil

Generally, factors of safety are expressed as the capacity of the system to resist failure
divided by the demand placed upon the system by foundation loads during a seismic event.
The capacity of the foundation is primarily a function of the soil's shear strength and the type,
flexibility, and embedment of the foundation. The demand on the system is primarily a function
of the intensity of earthquake ground motion and the mass and frequency of vibration of the
system. See Findings B.6. Relying on NUREG-0800," the State contends that for extreme
environmental events, such as a DBE, a factor of safety of 1.1 is inviolable. The State
challenges the Applicant’s demonstration that its proposed facility design can provide a

1.1 factor of safety. In particular, the State insists that the Applicant’s description and use of

'2 During the proceeding, Layer 1B, which was the most important sublayer for the
purposes of this proceeding, was identified differently by each party. The Staff referred to it as
Layer 1B, the Applicant as “Layer 2,” and the State as the “upper Lake Bonneville clays.”

* U.S. Nuclear Regulatory Commission, Standard Review Plan for the Review of Safety
Analysis Reports for Nuclear Power Plants, NUREG-0800 (Aug. 1989). Several sections of
NUREG-0800 that pertain specifically to the review of the seismic portion of an applicant’'s SAR
were introduced by the NRC Staff as Exhibits CC, DD, and EE.
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both the capacity of the soils and the dynamic forces involved should be subjected to further
scrutiny because there is only a 6% to 15% margin in the Applicant’s calculations. See
Findings B.7-.8.

During the hearing, the Staff’'s expert, Dr. Goodluck Ofoegbu, testified that it is not
necessary to meet a factor of safety of 1.1 against soil failure to satisfy NRC requirements in
10 C.F.R. Part 72. See Findings B.9. Regardless, the Applicant goes on to demonstrate that
its foundation stability analysis of the minimum factors of safety against sliding and bearing
capacity of the pad exceed the recommended 1.1 factor of safety. Thus, the Board is satisfied
that, irrespective of whether the Applicant must meet a 1.1 factor of safety, the Applicant’s
analyses demonstrate that its design meets and indeed exceeds that value. See Findings
B.9-.10.

C. Importance of the Shear Strength of the Upper Lake Bonneville Clays

The State insists that an “accurate and adequate” characterization of the upper Lake
Bonneville clays is essential to the Applicant’'s demonstration that the pads and CTB will be
supported on a stable foundation during a seismic event. See Findings B.12. The parties
agree that the soils in the upper Lake Bonneville clay layer are the soils of interest for
establishing the minimum value of soil strength, but the parties disagree as to what extent an
“accurate” computation of the strength of those soils is necessary. See Findings B.11.

In response, the Applicant acknowledged that it has focused its soils investigations --
borings, samplings, and laboratory tests -- on the upper Lake Bonneville clay layer, and
emphasized the conservative approach it used to establish the minimum strength and other
characteristics of the PFSF site soils. Thus, even if there were some inaccuracies in the
Applicant’s determination of the strength of the upper Lake Bonneville clays, the conservatisms

built into its methodology for determining the soil properties and the factors of safety against
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soil failure are more than sufficient to assure that the soil conditions are adequate to meet the
anticipated foundation loadings. See Findings B.13.
D. Specific State Concerns with the Applicant’s Testing of the Subsurface Soils

1. Density of Soil Borings

The State asserts that PFS’s sampling program does not conform to the density
recommended by Site Investigations for Foundations of Nuclear Power Plants, reflected in
Regulatory Guide 1.132, Appendix C. In this regard, there is no disagreement that PFS has
met the recommended borehole density for the CTB; the issue concerns the borehole spacing
used in the pad emplacement area. See Findings B.15.

Appendix C of Regulatory Guide 1.132, which is specific to nuclear power plants,
provides a table of spacing and depth of subsurface explorations for various types of safety-
related foundations. For linear structures such as a row of storage pads, Regulatory Guide
1.132 recommends a spacing of one boring per every 100 linear feet for favorable, uniform
geologic conditions, where continuity of subsurface strata is found. See Findings B.16.

According to the State, the Applicant drilled nine boreholes (A1, B1, C1, A2, B2, C2, A3,
B3, C3) in or near the pad emplacement area for the purpose of retrieving samples for
laboratory testing and analysis. These borings, taken together with the CPT soundings, result
in a spacing of about one boring or sounding every 221 feet in the pad area.

In rebuttal testimony, the Applicant’s expert, Mr. Trudeau, claims that seven additional
borings were drilled in or near the pad emplacement area (i.e., boreholes A4, B4, C4, D1, D2,
D3, and D4). Reviewing Figure 2.6-19 of the Applicant’s Safety Analysis Report (SAR), the
State insists that borings A4, B4, and C4 are south of the rail spur and are about 200 feet from
the edge of the southern-most row of pads. Furthermore, the State contends that borings D1,
D2, and D3 (outside the eastern boundary of the perimeter fence) and D4 (adjacent to the CTB)

are about 375 feet or more from the edge of the eastern-most row of pads. See Findings B.17.
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Therefore, these seven additional borings do not change the State’s estimate of borehole
spacing of about 221 feet for the pad area. See Findings B.17-18.

The Board is not persuaded, however, that additional boreholes are necessary. As
correctly pointed out by both the Applicant and Staff, Regulatory Guide 1.132 is a guidance
document applicable to nuclear power plants and is not necessarily binding upon spent fuel
facilities, whose structures are quite different and do not involve inter-connected safety systems
sensitive to ground motion. See Findings B.19-.21. Moreover, Regulatory Guide 1.132
acknowledges that borehole spacing and depth often vary due to the complex subsurface
conditions at the each individual site. Thus, applicants are encouraged to “temper” their
recommendations with actual site investigations, as performed by the Applicant in this case.
See Findings B.22. In this instance, the Applicant followed the regulatory guidance for the CTB
but developed a different subsurface investigation program for the storage pads. See Findings
B.23.

Furthermore, the Applicant’s investigations established the horizontal uniformity of the
soils and have properly documented the vertical layering of the upper Lake Bonneville clays,
and the State has not demonstrated that additional boring holes are necessary. See Findings
B.24-.34. Thus, the Board finds the Applicant’s borehole spacing to be adequate.

2. Continuous Soil Sampling

The State also claims that the Applicant’s investigation did not continuously sample the
upper Lake Bonneville clays as recommended by Regulatory Guide 1.132. By not continuously
sampling the upper Lake Bonneville clay layer, the State insists that the Applicant has
introduced an additional unnecessary level of uncertainty into its estimate of shear strength for
the upper Lake Bonneville clays and into the factors of safety calculated for the sliding and
bearing capacities of the storage pads. According to the State, the CPTs -- conducted by the

Applicant in lieu of continuous sampling -- do not obtain undisturbed samples of soil for
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laboratory testing and are not as accurate a measure of the soil shear strength as continuous
sampling. See Findings B.43-.46. The State also contends that the CPT testing was
conducted after the limited laboratory samples were obtained and, therefore, the CPT data
could not have been used to designate the weakest soil zone for laboratory shear testing, as
claimed by the Applicant. See Findings B.48.

The purpose of continuous sampling, as recommended by Regulatory Guide 1.132, is to
identify potential relatively thin zones of weak or unstable soil contained within otherwise stable
soil zones. See Findings B.50. The soil characterizations conducted by the Applicant, both
through borehole drillings and CPT tests, indicate that no such zones of weak or unstable soil
exist under the pad emplacement area. See Findings B.50-.51. Both the Applicant and the
Staff agree that such layers would have been detected through changes in cone tip resistance
measured by the CPT tests. See Findings B.52. Furthermore, as previously indicated,
Regulatory Guide 1.132 is to be used only as a guidance document and is not binding upon this
proceeding. See Findings B.49. For these reasons, the Licensing Board finds that the
Applicant’s cone penetrometer tests achieve the objective of the tests recommended in
Regulatory Guide 1.132 and additional continuous sampling is not necessary in this case.

3. Undrained Shear Strength Determination

All three parties agree that the undrained shear strength is an important characteristic of
soils in the seismic analysis with respect to horizontal and vertical loadings. In testing for shear
strength, the Applicant selected a single soil sample of the upper Lake Bonneville clays from
the quadrant in the pad emplacement area that was determined by CPT to be the weakest
portion of the weakest layer of the soil profile. The Applicant then performed laboratory tests on
three specimens taken from this soil sample. Using its CPT tests at thirty-seven different

locations in the pad emplacement area, the Applicant later confirmed that the sample tested
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had the minimum value of shear strength for the entire pad emplacement area. See Findings
B.54-.56.

The State argues, however, that the Applicant’s reliance on the laboratory analysis of
only a single borehole sample is insufficient to establish a lower bound undrained shear
strength for the upper Lake Bonneville layer, and that because of the potential for considerable
variability in the upper Lake Bonneville layer, locations may exist in the pad area that have
lower shear strengths than that established by the Applicant’s one sample. See Findings B.57.
Moreover, the State contends that although the Applicant claims that the borehole sample came
from the weakest zone of the pad emplacement area, the Applicant should have conducted
additional laboratory tests on samples from other locations to confirm this assertion. See
Findings B.58. The State also attacks the Applicant’s reliance on CPT tests to obtain its shear
strength values. See Findings B.59-63.

We find the Applicant’s process for determining the minimum shear strength to be
technically sound. Using a predetermined location to obtain a single borehole sample based on
the weakest portion of the weakest layer of the soil profile (Layer 1B) is a sensible approach if
the goal is simply to determine a lower limit of shear strength for the pad emplacement area.
The Applicant’s choice of this location for its borehole sample is independently supported both
by the fact that the soil sample obtained from this location exhibits the highest void ratio of all
the samples tested in the pad emplacement area, indicating the lowest density and hence
lowest shear strength among the tested samples, and by the subsequent CPT measurements
at thirty-seven locations in the pad emplacement area, which correlate well with the measured
shear strength at the single borehole sample. See Findings B.54-.55.

The State claims that there can be considerable horizontal variability in the shear
strength of the upper Lake Bonneville soils across the pad emplacement area. But the CPT

data demonstrates relatively low variability in the pad emplacement area. See Findings B.64.
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We, therefore, find the number of samples obtained by the Applicant sufficient to
demonstrate the minimum soil shear strength for the proposed facility. Moreover, the Board
agrees with the Applicant that even if soils of lower strength were to exist in the pad
emplacement area, the conservatisms in the overall seismic design of the pad would more than
compensate for any difference in the soil strength. See Findings B.65.

4. Additional Tests (Cyclic Triaxial and Triaxial Extension Tests)

Finally, the State contends that the Applicant has failed to conduct a complete analysis
of the subsurface soils, because the Applicant failed (1) to include a strain-controlled cyclic
triaxial test in its laboratory shear strength testing program and (2) to analyze fully the stress-
strain behavior of the native foundation soils under a range of cyclic strains imposed by the
design earthquake. See Findings B.65.

According to the State, earthquake motions are cyclic in nature and may reverse the
direction of loads several times during a large earthquake. The State claims that the
Applicant’s tests do not adequately describe this cyclic stress-strain behavior of the upper Lake
Bonneville clays and suggests, as a remedy, that the Applicant should conduct strain-controlled
cyclic triaxial tests that will ensure that there is no significant loss or degradation of shear
strength due to cycling. See Findings B.67-.68. The State believes this test is important,
because if earthquake cycling does cause a degradation in the shear strength of the Lake
Bonneville clays, then an “unconservatism” will be introduced into the Applicant’s sliding
calculations. See Findings B.68.

Although the Applicant did not conduct the strain-controlled cyclic triaxial tests requested
by the State, it did conduct resonant column tests, which are a form of strain-controlled cyclic
triaxial tests recommended in NRC Regulatory Guide 1.138, Appendix B. These resonant
column tests provide the information requested by the State for the range of strain levels

adequate to account for any potential degradation in the shear strength of the Lake Bonneville
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clays. This is demonstrated by the Applicant’s site response analysis conducted by Geomatrix
which indicates that, for soils in the greatest effective shear strain layer (Layer 1B), the effective
shear strains under design basis seismic loadings are within the range of strains measured
directly in the resonant column tests. While strain-controlled triaxial tests can measure soil
properties at a much higher strain level than the resonant column tests, these tests are
unnecessary for the PFS site because the resonant column tests demonstrate that such high
strain levels will not be reached there. See Findings B.69-.70.

Finally, the Applicant has conducted stress-controlled cyclic triaxial tests to assess the
collapse potential of the soil, and no degradation of the shear strength of the samples tested
was observed throughout 500 cycles of loading at extremely high cyclic stress ratios.
Therefore, it can be concluded that the resulting cyclic strains were small, hence no strain-
controlled cyclic triaxial tests are needed. See Findings B.71.

The State also contends that the Applicant has failed to test the soils adequately to
determine whether the soils are subject to failure due to tension loadings. The Applicant used
triaxial compression tests to determine the soils’ resistance to bearing capacity failure or
tension loading. The State argues, however, that if significant anisotropy is present, then the
triaxial compression tests will overestimate the average shear strength resistance and
undermine the Applicant’s bearing capacity calculations. See Findings B.73. Instead of the
triaxial compression tests, the State insists that the Applicant should have used triaxial
extension tests, which measure the degree of anisotropy in the soils by causing them to fail in
tension. See Findings B.76.

The Applicant’s tests demonstrate that the minimum vertical and horizontal shear
strengths are almost identical, which in turn establishes that the anisotropy at the proposed
facility is insignificant. See Findings B.74-.75. Furthermore, the Applicant’s bearing capacity

analysis provides a large margin of safety against bearing capacity failure and eliminates the
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need for additional tests such as the triaxial extensions. See Findings B.76. Thus, the Board
finds that the State requests for the additional tests are unnecessary.
E. Board Conclusions

The Board finds that the soil tests conducted by the Applicant are adequate to
demonstrate that the subsurface soils at the proposed site will withstand the proposed
foundation loadings during a DBE. Thus, the Board finds that the Applicant’s geotechnical site
characterization is sufficient to demonstrate compliance with the Commission requirements

established in 10 C.F.R. § 72.102(c)-(d) and § 72.122(b).
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IV. USE OF SOIL-CEMENT AND CONSTRUCTION PROCESS
A. Background and Proposed Uses

1. Design Description

Both soil-cement and cement-treated soil are created by blending, compacting, and
curing a mixture of soil, portland cement, other admixtures, and water to produce a hardened
mixture with a greater strength than the original native soil. See Findings C.1. As explained by
the Applicant’s experts during the hearing, there is a distinction between the two types of
mixtures. Soil-cement has greater degrees of stabilization and/or durability and is expected to
pass durability tests by reason of its ability to retain its properties after long periods of exposure
to the weather. On the other hand, cement-treated soil has less strength than soil-cement, and
so is not expected to pass durability tests. See Findings C.2.

The Applicant intends to use soil-cement and cement-treated soil at the site to perform
three basic functions: (1) placed directly underneath the cask storage pads, cement-treated
soil will act as a cohesive material that will resist the sliding ground forces generated by a
seismic event; (2) placed between the pads, soil-cement will provide support for the transporter
vehicle that will deliver the storage casks to the pad area; and (3) placed around the CTB, soil-
cement will provide additional passive resistance to sliding during a DBE. See Findings C.3.

2. State’s General Concerns

The State raises several general concerns with the Applicant’s proposed use of soil-
cement' to bolster the foundations of the storage pads and the CTB. First, the State contends
that to satisfy the requirements of 10 C.F.R. § 72.102, the Applicant must demonstrate that the
soil conditions at the site are adequate, with the addition of soil-cement, to sustain the proposed

foundation loadings. The State believes the Applicant’s planned testing programs contain too

" In its arguments concerning this matter, the State makes no distinction between soil-
cement and cement-treated soil, and we discuss its arguments accordingly.
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many uncertainties to allow the Board to find that the Applicant has satisfied this burden.
Moreover, the State argues that because the NRC inspection programs are not designed to
detect latent defects or to serve as a “construction watchdog,” the Applicant and Staff cannot
rely upon the Staff’s post-licensing inspection programs to assure the Licensing Board that the
Applicant’s programs will meet their intended safety goals. See Findings C.7.

In addition, the State claims that several of the tests already completed by the Applicant
either cannot be relied upon to support its assertions, or indeed cut against them by
demonstrating that the proposed design will not satisfy the Commission’s safety requirements.
First, the State insists that Applicant’s sliding stability calculations are unreliable because they
are not based upon site-specific investigations and laboratory analysis. The State also claims
that the Applicant has not adequately demonstrated that the shear strength of the cement-
treated soil will meet the necessary 1.1 factor of safety required by the NRC Staff. Finally, the
State claims that, even if the Applicant can demonstrate that its design concept is adequate,
there is evidence to indicate that significant degradation due to cracking, debonding along
interface layers, and moisture infiltration will erode its ability to meet the proposed foundation
loadings. See Findings C.8.

B. Specific State Challenges

1. Potential Problems with the Construction Process

As explained by the Applicant’s experts during the hearing, the cement-treated soil that
will be placed underneath the concrete pads will be created by removing the top layer of soil at
the site and mixing it with the appropriate portions of cement at a processing plant constructed
on the site. The proposed design requires between a 1 and 2 foot thickness of cement-treated
soil to be placed under each storage pad, depending upon the pad location. See Findings

C.11-12.
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The State asserts that the process of removing the overlying soils may inadvertently
cause the underlying soils to lose strength, which in turn could undermine the validity of the
Applicant’s soil test results. For example, the State claims that once the overlying soil layer is
removed, the underlying soil will be exposed to the elements, which may cause the soil to dry
out due to excessive heat or to gain moisture due to rain. If these events occur, the State
believes that the underlying soil would weaken and the Applicant’s original soil tests would be
no longer representative of the soil’s strength. Thus, the State argues that the upper Lake
Bonneville clay layers used by the Applicant in its study may not be representative of the soil
that will ultimately underlie the pad emplacement. See Findings C.9-.10.

The Board finds inadequate support for these allegations regarding the adverse impact
of the construction process on soils. Instead, we find the Applicant’s commitment to use proper
construction techniques to minimize potential damage to the underlying soil and to establish
field-quality control requirements that will ensure that any potential contractor will be mindful of
the potential adverse effects of the construction process, sufficient to address the State’s
concerns. See Findings C.13-.14.

2. Design Problems Affecting the Native Soil and Concrete Storage Pad

The State raises several potential problems that may occur after the soil-cement is
added to the pad emplacement area. First, the State claims that the soil-cement is prone to
cracking which could affect its ability to function as intended. The State also claims that the
infiltration of moisture could potentially cause problems for the design. Finally, the State
asserts that the different masses of the pads, casks, and soil-cement will behave differently
during a DBE, which would affect the transfer of the anticipated dynamic loads from the casks

to the pads. We discuss each of these potential problems below.



43

a. Cracking

The State is concerned that the soil-cement will crack, causing a loss of tensile strength.
The State argues that this loss in tensile strength will decrease the structural competency of the
soil-cement layer. See Findings C.15. Furthermore, the cracks in the soil-cement could allow
water infiltration, which the State believes could also have adverse affects upon the foundation.
See Findings C.17.

If water infiltration were to occur, as discussed below, it would not have a significant
impact upon the cement-treated soil or the underlying soils. See Findings C.18. Thus, the only
remaining consequence of the potential cracking is the loss of tensile strength. The Applicant
does not rely, however, upon the tensile strength of the soil-cement for any of its safety
analyses, so the potential loss of this tensile strength is of no consequence. See Findings
C.19. The Board finds the State’s concerns about tensile strength to be unfounded.

b. Moisture

The State argues that the soil-cement or the cement-treated soils are susceptible to
water infiltration through cracks in the slabs, shrinkage cracks between the soil-cement and the
structure, or standing water that may form in the rows between the pads. Such infiltration, the
State believes, could potentially degrade the soil-cement and underlying soil and affect the
soil’s ability to maintain the proposed foundation loads. See Findings C.20.

The Board finds, however, that water infiltration will not be a problem at the site for two
reasons. First, the Applicant has sufficiently demonstrated that the potential mechanisms of
water infiltration are either extremely unlikely or inconsequential. See Findings C.22-.26. In
addition, because the storage casks provide a source of heat that will be transmitted downward
through the soil-cement, the area beneath the pads will be warmer than the surrounding areas.
The warmer soil-cement will cause the moisture to migrate to the surrounding areas and away

from the underlying soil-cement. See Findings C.21.
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c. Pad-to-Pad Interactions

The State argues that the casks, pads, soil-cement, and the underlying soils have
different masses that will behave differently during a DBE. The State insists that the inertial
effect of these different masses will introduce tension and compression into the system and
cause the various masses to have out-of-phase motions. Consequently, the State contends
that because the pad and the soil-cement will be acting out of phase, the weaker soil-cement
will act as a strut for the dynamic load and transfer it laterally instead of downward to the
underlying soil as predicted by the Applicant. See Findings C.27-.28.

The record before us indicates that a concrete storage pad will not slide in the event of a
design basis earthquake. See Findings C.30. One would, therefore, expect the pad and the
underlying soils to move together under seismic loadings. In turn, we find that the Applicant
has adequately demonstrated that there will be no out-of-phase motion of the pads relative to
the underlying soil. In addition, the Applicant performed computer simulations to demonstrate
that even if the out-of-phase motions were to occur as hypothesized by the State, the dynamic
load transfer between the pads would be minor. See Findings C.31-.32. In sum, the Board
finds that pad-to-pad interactions are unlikely to happen during a design basis earthquake and
the effects of pad-to-pad interactions, if they were to occur, would be of no safety consequence
to the proposed PFS site.

C. Testing of the Soil-cement

1. Adequacy

The Applicant plans to establish the appropriate soil-cement formulation for each of its
proposed applications through a series of laboratory tests. These tests include, inter alia, soil
index property tests, moisture-density tests, and durability tests. See Findings C.33-.44. All the
parties agree that the Applicant has developed a suitable program, based on appropriate

industry standards, for testing the properties of the soil-cement. See Findings C.47-.49. The
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disagreement centers instead on the timing of the testing. As we discuss below, the State
insists that the proposed tests, to demonstrate that the soil-cement will perform as intended,
should be performed prior to facility licensing, and the Applicant and Staff believe that such
testing can be conducted in a post-licensing period.

2. Proof of Design and Timing

The State argues that allowing the Applicant to defer the testing, analysis, and
implementation of the soil-cement, as the Staff would do, effectively truncates the State’s
hearing rights guaranteed to it by the Atomic Energy Act (AEA). According to the State, the
AEA, as interpreted by the Court of Appeals for the District of Columbia Circuit, requires a
hearing that offers the intervening party a meaningful opportunity to participate. See [State]
Reply to Proposed Findings of Fact and Conclusions of Law of the Applicant and NRC Staff on
Unified Contention Utah L/QQ (Oct. 16, 2002) at 27 [hereinafter State Reply] (citing Union of

Concerned Scientists v. NRC, 735 F.2d 1437 (D.C. Cir. 1984)). The State contends that by

relying upon the Applicant’s commitments to provide adequate assurance that the soil-cement
will achieve its intended safety function, the Staff is denying the State its opportunity to address
the results of the Applicant’s final analysis of the soil-cement. State Reply at 27-28.

The State also believes the Applicant’s commitments do not address the requirements
of 10 C.F.R. § 72.102, which call for a site-specific investigation and laboratory analysis
showing that the soil conditions will sustain the proposed foundation loadings. See State Reply
at 28. It is the State’s opinion that the regulation requires an adequate demonstration of soil
suitability before the granting of a license. Id.

In support of its argument, the State points to prior Commission decisions, which
establish that post-hearing resolution should be employed sparingly and only to resolve minor

procedural deficiencies. See State Reply at 32-33 (citing Consolidated Edison Company of

New York, Inc. (Indian Point Station, Unit No. 2), CLI-74-23, 7 AEC 947, 951-52 (1974); Long
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Island Lighting Co. (Shoreham Nuclear Power Station, Unit 1), LBP-83-57, 18 NRC 445, 543-

544 (1983). According to the State, in a previous ruling in this case, the Commission has
established the test for determining whether post-hearing deliberations are appropriate to be
“whether the NRC Staff inspectors are expected to engage in ‘ministerial’-type compliance
checks not suitable for hearings or are expected to themselves exercise a form of adjudicatory
discretion.” State Reply at 33 (quoting CLI-00-13, 52 NRC 23, 33 n.3 (2000)). The State
contends that the analysis and tests proposed by the Applicant, which will be reviewed by the
Staff, are far too complex to be “rubber stamped” by Staff inspectors. See State Reply at
36-37. Thus, the State urges the Board to require the Applicant to conduct its tests, the results
of which would be subject to further adjudicatory proceedings before this Board, prior to the
issuance of the Applicant’s license. Id. at 40.

In responding to the State concerns, the Applicant insists that there is no regulation that
requires testing of the soil-cement prior to the issuing of a license. To the contrary, as the Staff
sees it, once the proposed design requirements have been established and accepted, the
actual testing of the soil-cement may be postponed until after the license has been issued. See
Findings C.52-.53. In this regard, the Applicant notes that, assuming the design requirements
for its proposed facility are accepted, the Applicant has committed itself to performing the
necessary tests to demonstrate that the soil-cement will meet these requirements. The
Applicant believes that these commitments provide us the necessary assurance that the soil
conditions at the PFS site will sustain the proposed foundation loadings and that there is no
need for us to impose any additional requirements on its pending license.

Commission precedent appears to support the Applicant’s position. The former NRC
Appeal Board confronted a similar issue when a Licensing Board allowed testing to be
conducted after the hearing that confirmed the ability of emergency diesel generators to

operate pressurized heaters that the Applicant proposed to use in the event of a reactor
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emergency. Metropolitan Edison Co. (Three-Mile Island Nuclear Station, Unit No. 1), ALAB-

729, 17 NRC 814, 885-87 (1983). In that case, after a full hearing on the Applicant’s proposed
design, the Licensing Board had concluded that the pressurized heaters could be connected to
the emergency power supply without harming capacity and that the actual tests confirming this
proposal could be left to the monitoring of the Staff after the license was granted. Id. at 886.
On appeal, the Intervenors argued that the Licensing Board had improperly “delegated” to the
Staff responsibility to resolve this “disputed substantive technical”’ issue. Id. at 885. The
Appeal Board found, however, that the monitoring and evaluation of the Applicant’s test results
does not “involve decisional responsibility, and is within the authority conferred upon the Staff.”
Id. at 887.

Here we are faced with a similar situation, in which the Applicant proposes to defer the
testing of the soil-cement until after the license has been granted. We find this approach to be

fully supported by the Appeal Board’s decision in Metropolitan Edison Co..

This practice of post-hearing verification finds further support in the regulatory history
surrounding the Commission’s promulgation of the rules governing ISFSIs in Part 72. In the

Federal Register Notice adopting Part 72, the Commission noted that spent fuel storage in an

ISFSI is “a simple operation [that] does not require a complex plant and is subject to few
controversial technical issues.” 45 Fed. Reg. 74,693, 74,964 (Nov. 12, 1980). And for this
reason, “a one step licensing procedure requiring only one application and one SAR was
adopted in Part 72.” Id.
Although we agree in part with the State’s concerns and have considered the benefits of
a license condition in this situation, we cannot overlook the Commission precedent that weighs
heavily in favor of the Applicant and Staff’'s proposed post-licensing testing of the soil-cement.

Thus, given the strength of the support for the Applicant and Staff’s position, we find a license

condition unwarranted and the Applicant’s proposal to test the suitability of the soil-cement after
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the issuing of the license, subject to Staff review, to be sufficient to satisfy the requirements of
10 C.F.R. § 72.102.
D. “Unique” Use of Soil-cement

The State argues the Applicant’s use of soil-cement at the PFS site is unique. The
State contends that although soil-cement may have been used in previous projects, the
Applicant’s proposal to use the soil-cement to create in shallowly embedded foundations
additional seismic sliding resistance to, and stability in the face of, strong ground motions is an
unprecedented application. See Findings C.63. Because of this proposed unusual use of the
soil-cement, the State insists that the Applicant’s proposal to complete testing of the soil-
cement post-licensing should be denied and the Applicant should be required to perform its
tests prior to the issuance of its facility license. See Findings C.64.

With the assistance of the Staff’s review and the State’s critique, the Applicant’s design
has been thoroughly scrutinized over the course of this proceeding.' As our discussion on the
soil-cement demonstrates, the Board has also carefully reviewed the Applicant’s proposal and
found the design to be adequate. There is no Commission regulation that requires the
suitability of a proposed design, if otherwise found acceptable, to have been demonstrated
through prior use. See Findings C.67. Instead, the Board relies on the requirement that the
proposed uses -- unique though they may be -- will be completely tested to support its finding

that the soil-cement will respond adequately in the event of a DBE at the PFS site.

'* For a more complete discussion on this matter, see Findings B.1-.76, and C.1-.67.
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E. Young’'s Modulus

The State raises two issues regarding Young’s Modulus.' First, the State argues that it
will be difficult for the Applicant to achieve its design requirements for cement-treated soil that
has a minimum compressive strength of 40 pounds per square inch (psi) and a Young’s
Modulus having a maximum value of 75,000 psi. See Findings C.68. Second, the State
asserts that the test to determine the soil’s Young’s Modulus must be performed using a
dynamic rather than a static load, because the static load will be much lower. See Findings
C.71.

Contrary to the State’s arguments, the Board agrees with the Applicant’s expert
testimony that obtaining a Young’s Modulus of less than 75,000 psi for cement-treated soil with
a compressive strength of more than 40 psi is achievable. See Findings C.68-.70.
Furthermore, the Board finds immaterial the State’s contention that a distinction exists between
the static and dynamic loads. As indicated by the Applicant’s experts, the important difference
is the proper strain level that will be achieved by the proposed test. The Applicant plans to
determine Young’s Modulus by using the soil strain level as a reference point. Furthermore, the
Sandia National Laboratories paper that provided the necessary data for the cask drop analysis
used static moduli of elasticity for the soils underlying the pad. This demonstrates a good
agreement between the analytical results and the experimental results, which indicates that
large-strain moduli are appropriate for such analyses. See Findings C.71. Thus, the Board

finds that the Applicant has adequately addressed the State’s concerns regarding this issue.

'® Named after Thomas Young, the Young’s Modulus, defined as the ratio of stress over
strain, provides a measure of material stiffness and strength. For more discussion on the
Young’s Modulus, see Findings C.68-.72.
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F. Board Conclusions

After carefully reviewing the evidence presented by all parties, we are confident that the
soil-cement and cement-treated soil will adequately sustain the Applicant’s proposed foundation
loadings. Although the State raised several important concerns during the course of this
proceeding regarding the Applicant’s use of the soil-cement and cement-treated soil, the
Applicant has met its burden in addressing each of these concerns. Thus, the Board concludes
that the Applicant’s design and use of soil-cement and cement-treated soil will adequately

support the facility’s anticipated foundation loads.
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V. SEISMIC DESIGN AND FOUNDATION STABILITY

A. Overview of the Pad Storage System

1. Proposed Design Concept for the Pad Storage System

The Applicant plans to store the SNF in large storage casks placed on 3 foot thick
reinforced concrete pads.'” Each pad will be 30 feet wide and 67 feet long and will support
8 storage casks, arranged in a 4 x 2 array."® The pads will be placed 35 feet apart in the east-
west direction and 5 feet apart in the north-south direction. At maximum capacity, the facility
will contain 500 such pads. See Findings D.1-.2.

2. State’s General Concerns with the Applicant’s Proposed Pad Design System

The State contends that the Applicant’s design is unprecedented and unconventional
and highlights several unproven features that the Applicant relies upon in its design proposal.
According to the State, these features include: unanchored casks; acceptance of cask sliding
on the pads and use of this as a design feature in its seismic design; shallowly embedded pads
on compressible clay; and use of soil-cement as a structural element. Furthermore, the State
claims that the Applicant uses the nonlinear cask stability analysis conducted by its cask
vendor, Holtec, to support most of its design calculations, which the State asserts is highly
sensitive to input parameters. The State notes that there are tests available that could supply
the necessary experimental test data to verify the Applicant’s nonlinear models and input
parameters and that the Board should require such testing rather than allow the Applicant to

rely on its asserted “engineering judgment” to support its analysis. See Findings D.3-.8.

" The Applicant has contracted with Holtec to use its HI-STORM 100. For a complete
description of the HI-STORM 100 and an analysis of the State’s concerns regarding this cask
system, see Section VI on Cask Stability, below.

'® For a more in-depth description of the Applicant’s storage pad system, see section
4.2.1.5.2 of the Applicant’'s SAR.
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B. Specific State Concerns with the Applicant’s Pad Stability Analysis

1. Concerns with the Applicant’'s Methodology

The State asserts that the Applicant’s design is full of disparate pieces that have
evolved in response to cost cutting measures and, therefore, have not been fully integrated into
a cohesive and rigorous design. For example, the State notes that there is a lack of
independent verification or checks on the input parameters used in various design calculations,
because many of the Applicant’s consultants received input parameters from other consultants
on the Applicant’s team without independently verifying the data source. The State also notes
concern with the Applicant’s decision to treat the foundation soils with cement rather than
bypass the weaker Lake Bonneville clay soils and embed the pad in deeper, stiffer soil. In
addition, the State believes that the Board should be reluctant to approve the Applicant’s
analysis of the complex soil properties and its reliance upon engineering judgment concerning
the proposed, unprecedented design features. The State also cautions the Board to be
hesitant to rely upon Holtec’s nonlinear analysis of the soil behavior beneath the proposed
foundation system during a DBE. See Findings D.9-.14.

In responding to the State’s claims, the Applicant asserts they were never introduced at
trial and are outside the scope of the State’s original contention. Furthermore, the Applicant
argues that the State’s claims have no support in the record and should be rejected on this
basis as well. See Applicant’s Reply to the Proposed Findings of Fact and Conclusions of Law
of the State of Utah and the NRC Staff on [Unified Utah L/QQ] (Oct. 16, 2002) at 99-100
[hereinafter Applicant Reply].

The Board need not address the Applicant’s complaints on scope and timeliness. For,
although we agree that the Applicant has taken a somewhat unconventional overall approach to
its design and analysis, we have examined each of the component parts of its approach and

found them to pass muster. Although the overall approach may not have previously been
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tested in practice, the State has failed to provide any specific evidence demonstrating
deficiencies in particular aspects of the Applicant’s presentation that would cause it not to
satisfy the Commission’s licensing regulations. In this circumstance, we cannot rely on general
methodological concerns to avoid finding that the Applicant’s proposal is adequate to protect
public health and safety.

2. Cask Sliding as a Design Concept

As previously indicated, the State challenges the Applicant’s reliance upon cask sliding
as a mechanism to reduce seismic loadings. According to the State, if the casks were not
allowed to slide freely on the pad, the forces transmitted to the pad and the underlying soils
would be significantly greater. The State asserts that the sliding of safety structures in
earthquake resistance design is not a common practice, especially with no experimental or
reliable performance data to support the Applicant’s prediction of cask performance and its
reliance on a credit for a reduction in forces due to the anticipated cask sliding. See Findings
D.15-.16.

The evidence presented during the course of the hearing demonstrates that the sliding
of the casks on the concrete storage pads will involve small displacements, and such small
displacements will also reduce the loads to which the cask is subjected. See Findings E.17-.18.
In any event, we note that sliding is not a feature of the Applicant’s design, but is rather a
beneficial consequence of cask reaction during a DBE. See Findings D.17-.18. Therefore, we
conclude that the record supports a finding that the Applicant’s design is adequate.

3. Flexibility of the Storage Pads

The State has two apparent concerns regarding the Applicant’s characterization of the
flexibility of the storage pads. First, the State contends that the Applicant’s pad design has
conflicting requirements, i.e., that the pads be rigid enough to allow smooth cask sliding yet

flexible enough to allow for tip-over without damaging the cask. In a similar argument, the State
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contends that although the Applicant has not demonstrated that the pads are rigid, it takes full
credit for a significant amount of radiation damping from a rigid pad, which allows the soils to
play a major role in dissipating energy. The State argues that this assumption is contradicted
by the Applicant’s conclusion that the pads are also flexible enough to absorb a sufficient
amount of energy from cask impact to prevent damage in the event of a cask drop or tip-over
event. To solve this apparent contradiction, the State notes that the Applicant could have easily
quantified the pad stiffness through an industry standard computer program for soil structure
interaction analysis, such as SASSI, that analyzes soil structure interaction (SSI) rather than
rely on its assumptions. See Findings D.20-.25.

Although the State raises a pertinent issue, the Board is persuaded that this issue has
been satisfactorily resolved for two reasons. First, the seemingly conflicting requirements
regarding pad characteristics can be resolved by the use of appropriate materials and
substantiated by appropriate tests. See Findings D.29. Second, and more importantly, as
highlighted by the Applicant, there is no design requirement that the pad be rigid to assure
smooth sliding of the cask and, in fact, the effect of pad flexibility on the sliding of the casks is
insignificant. See Findings D.27, .30.

Furthermore, regarding the Applicant’s use of radiation damping in its analysis, we find
that the Applicant has adequately demonstrated through its dynamic analyses that the pads are
rigid enough to limit the maximum displacements of the pad during earthquake conditions to on
the order of 3/8 of an inch. See Findings D.28. Finally, the Applicant’s analysis demonstrates
that the effect of the pad’s flexibility on its foundation-damping properties is insignificant in the
range of frequency important to the cask response. See Findings D.27. Thus, the Board finds
the record demonstrates that the Applicant’s characterization of the flexibility of its storage pads

is sufficient.
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4. Soil-Structure Interaction Analysis

According to the State, when an external force caused by an earthquake is applied, both
the structure in question and the ground will deform and move in a compatible manner because
neither the structural displacement nor the ground displacements are independent of each
other. Because of this SSI, the State claims the motion of the foundation will be different from
the motion of the supporting soil without the structure located on top. The State argues that the
Applicant, in accounting for this notion, has failed to conduct a comprehensive and accurate
SSI analysis of the proposed site. Furthermore, the State contends that in response to its
concerns, the Applicant relies upon the testimony of the Applicant’s expert, Mr. Trudeau, who,
the State argues, has no expertise regarding SSI. See State Reply at 41-47.

In response, the Applicant claims that the alleged need for an SSI analysis and the
alleged incorrect use of peak ground acceleration in calculating pad stability, are outside of the
scope of Utah L/QQ. The Applicant argues that these two issues were raised for the first time
in the hearing in the testimony of State witnesses. See Applicant Reply at 112. Despite the
Applicant’s claim that the State’s concerns are new, late, and outside the scope of Utah L/QQ,
the Applicant goes on to address and dismiss the merits of these claims. Without ruling on the
timeliness of these two issues, we focus our attention on their merits below.

a. Geomatrix Analysis of Soil Column

During its testing of the facility, the Applicant performed a soil column analysis to obtain
the strain-compatible soil properties in the free field using a common industry computer
program, SHAKE. The State argues that the SHAKE program, being done in the free field,
does not account for the SSI. Due to the complexity of SSI, the State contends that a SHAKE
analysis cannot not be substituted for an SSI analysis. See Findings D.31-.32.

Although the State argues that the Applicant’s testing program should have included an

SSI analysis, there is no regulatory requirement for such a test. In that regard, the State does
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not claim that the design inputs for SHAKE provided by Geomatrix were incorrect. More
importantly, there is no claim by the State that the Holtec analyses of the cask and pad stability
were deficient, nor that the pad is ultimately incorrectly designed, due to this particular alleged
SSI deficiency. Thus, the Board denies the State’s request for an SSI analysis. See Findings
D.33.

b. Pad Acceleration

The State also attacks the Applicant’s pad stability analysis. According to the State,
instead of obtaining the pad acceleration from Holtec in the cask stability design calculations,
the Applicant witness Paul Trudeau assumed a peak ground acceleration of 0.7g for a design
input in the pad sliding analyses, based upon a presumed high value of radiation damping at
the site. Because peak ground acceleration is the ground motion in the free field and does not
account for SSI effects, the State argues that the use of peak ground acceleration for the pads
is not appropriate for the PFS site unless it is a bedrock site. See Findings D.39. The State
contends that its expert on SSI, Dr. Ostadan, also found Mr. Trudeau’s assertion of such high
damping values unusual for this type of foundation system. See Findings D.40. The State thus
contends that the record contains ample evidence to suggest that the actual pad accelerations
may be much higher than estimated by the Applicant. See Findings D.41.

During the hearing, the Applicant defended the use of peak ground acceleration by
conducting a confirmatory analysis using the forces developed by Holtec cask stability analysis.
The factor of safety against sliding of pads would be reduced only by a small amount (from 1.27
to 1.25) when the Holtec data is considered. See Findings D.46. Additionally, after the issue
was raised by the State, the Applicant reran its original analysis using the value for horizontal
response acceleration suggested by Dr. Ostadan’s critique. Using this number, the Applicant

determined that, although the factor of safety against sliding would decrease slightly (from 1.27
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to 1.22), it would still exceed the 1.1 factor of safety recommended by the Commission. See
Findings D.43.

Here, the State did nothing more than suggest that the pad accelerations might be
higher than those used in the Applicant’s analysis without providing data to demonstrate the
actual increase. With the Applicant providing two confirmatory analyses to support its original
analysis, the Board finds the Applicant’s analysis regarding pad acceleration to be adequate.
See Findings D.43-.50.

5. Pad-to-Pad Interaction

During the hearing, the State’s experts also argued that the Applicant’s analysis did not
account for potential pad-to-pad interaction. According to the State, the Applicant’s assumption
that 100% of the load forces will be transferred straight down to the underlying soil instead of
laterally is neither realistic nor conservative given the unprecedented nature of the PFS design.
See Findings D.51-.56.

Furthermore, the State argues that the Applicant’s analysis incorrectly assumes that the
storage pads will move in phase with the surrounding pads and the underlying soil. The State
also believes that the Applicant has not accounted for the potential that the underlying soil-
cement will act as a strut and transfer the loads horizontally from one pad to another. See
Findings D.53. The State contends that this transferring of the inertial force through pad-to-pad
interaction could significantly undermine the Applicant’s analysis, given what the State claims is
the already slim margin for error in the Applicant’s design. See Findings D.55.

Moreover, the State argues that the Applicant wrongfully assumed that its high factor of
safety against pad sliding will counter any potential for pad-to-pad interaction, because the
State’s experts contend that the pads can still interact even without pad sliding. According to
the State, this seismically-induced interaction can occur between adjacent pads even if the

pads do not slide because of two different mechanisms: (a) the weakness, deformability and
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lack of uniformity of the soils beneath the pads; and (b) the differences in the number of casks
loaded in adjacent pads. The State believes that both of these mechanisms can lead to out-of-
phase motion of adjacent pads and to dynamic loadings of one pad on another pad. See
Findings D.56.

In response to the State’s concerns, both the Applicant and Staff produced experts who
insisted that the soils beneath the pad foundations are essentially uniform across the pad
emplacement area and have sufficient strength to withstand the forces of the DBE without
significant deformation (i.e., seismically-induced strain). The Applicant’s testimony established
an estimated value of this deformation of the order of 0.1%, which refutes the first aspect of the
State’s attack, discussed above. See Findings D.57-.58.

Regarding the second mechanism -- the number of casks loaded in adjacent pads -- the
Applicant highlights two Holtec simulations that modeled two adjacent pads, 5 feet apart. One
pad was fully loaded with eight casks, the other had only a single cask. The simulations also
included a representation of the soil-cement between the two pads. In one simulation, the soil-
cement between the pads was assumed to retain its integrity and therefore be able to transmit
both tensile and compressive forces. In the other the soil-cement was assumed to be cracked
and thus able to transmit only compressive forces. See Findings D.60.

In these two simulations, the Applicant also maximized the potential for pad-to-pad
forces in the following fashion: (1) no forces were absorbed by the soil-cement; (2) no forces
were transmitted downwards to the cement-treated soil and to the soils beneath; (3) no
damping was included in the model; (4) a maximum value of Young’s Modulus was assumed
for the soil-cement; and (5) no credit was taken for the potential crushing of the soil-cement by
the forces going from one pad to the other. Yet even with these conservative assumptions to
maximize pad-to-pad interactive forces, the maximum estimated force in the soil beneath the

pads was less than the minimum required to initiate pad sliding. See Findings D.61.



59

Finally, the Applicant compared the forces observed above and associated cask motions
with prior simulations that did not account for pad-to-pad interactions, and found that cask
motions in both cases are of the same order -- mere inches. This, the Applicant argues,
resolves in its favor the State’s second mechanism for pad-to-pad interactions. See Findings
D.61.

Furthermore, the Applicant goes on to address the State’s concern that the pad-to-pad
interactive forces resulting from the two Holtec analyses referenced above would add to those
forces in the Applicant’s sliding stability calculation and cause the interactive forces to exceed
the available resisting forces, thereby inducing pad sliding. First, the Applicant notes that the
Holtec model already accounts both for the seismic forces acting directly on the pads and for
the effects of pad-to-pad interaction. In addition, the Applicant explains that the maximum
seismic forces acting on the pad and the maximum pad-to-pad interaction forces would occur at
different times and, depending on the direction of the pad motion, would not necessarily be
additive. See Findings D.64.

In summary, the Board is persuaded that the 