
CONDENSED TRANSCRIPT

UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of

PRIVATE FUEL STORAGE
L.L.C.

(Private Fuel Storage
Facility)

) Docket No. 72-22
) ASLPB No. 97-732-02-ISFSI

) DEPOSITION OF:

) DR. WEN-SHOU TSENG

) (Utah Contention L/QQ)

Tuesday, March 12, 2002 - 9:55 a.m.

Location: Utah Attorney General's Office
160 East 300 South

Salt Lake City, Utah

Reporter: Vicky McDaniel
Notary Public in and for the State of Utah

State's
Exhibit 113

ruourt, LLC 50 South Main, Suite 920
THE REPORTING GROUP Salt Lake City, Utah 84144

801.532.3441 TOLL FREE 877.532.3441 FAX 801.532.3414



IIn the Matter of Private Fuel Storage
Dr. Wen-Shou Tseng * March 12, 2002

PAGE 69

Dr. Wen-Shou Tseng, 3/12/02 69
calculation, and he indicated that the differential is
the order of .001 second. And at .001 second one would
consider, you know, for that small pad the effect would
be very, very high frequencies, something on the order
greater than 50 Hz, which is beyond the frequency range
of our interest, actually. So I would expect this
effect would be insignificant.

Q. What about for a quadrant of pads in soil
cement that would act as one integrated pad?

A. Would you say that again?
Q. What about for a quadrant of pads, which I

believe is 125 pads, and the soil cement in between
that act as an integrated structure?

MR. GAUKLER: Objection, lack of foundation.
Answer if you can.

A. Well, even though you have soil cement in
between the pad, but there is no structure continuing
through -- in other words, there is no rebar going
through it. So even though it may appear to be
integrated, that -- structurally they are still
separate. So I wouldn't consider that to be a credible
case of integrating all the pads together.

Q. So do you believe the pads will act
independently of each other, out of phase in their
motions?
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Q. Did you evaluate any adverse effect of

inclined -- strike that. Did you evaluate any adverse
effects of inclined waves on the seismic response of
the pads?

A. We -- in our calculation for pad design we
did not explicitly consider that. But this incline is
a small angle, which Bob Youngs had estimated to be the
case, X minus like 11 degree from vertical, which is
very small. The effect of that will be very small, as
I stated earlier.

And in addition, you know, if you look at
the ASCE's 4-86, some of this variation of soil
property from best estimate to lower bound to upper
bound with a large factor, a factor of two in modulus,
is partially to cover some of these uncertainties, I
would call, nonvertical propagating wave, some slide
possibility differentials, and many other uncertainties
which cannot be quantified.

So that variation of soil property from
lower to upper bound in the right range is partially
intended to cover some of this effect.

Q. Do you anticipate conducting any additional
analyses or calculations on the PFS project?

A. As far as pad design and analysis is
concerned, I do not foresee other than if we need to
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A. Well, each pad of course is by itself a

structural element. It may have some minor interaction
between pad to pad through the underlying soil, but
again, that I believe will be a quite secondary effect.

Now, if you consider all the pads lying in
one big quadrant, from one end to the other there may
be bigger variation, but since each pad is structurally
not connected, there is no effect from one to the
other, especially from one extreme end to the other
extreme end. And they separate so far apart and they
won't impact much, either. Only when the pad, they are
structurally integrated together in such a large
dimension that such time differential would have bigger
effect.

Q. So do you believe the soil cement will not
have an impact in integrating the motion of the
different pads together?

A. It stiffens up the soil, certainly, and that
effect has been included in this. But structurally you
don't have really positive connections. Eventually I
don't think they would behave as an integrated
structure.

Q. Did you evaluate the adverse effect of
inclined waves on the seismic response of the pads?

A. Would you say that again?
CitiCourt, LLC
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answer certain questions, we may do a few calculations
to back up our response.

MS. NAKAHARA: If you'll excuse us for one
moment.

We have -- I have no more questions. Thank
you.

MR. GAUKLER: I may have a few questions.
We'll take a break.

(Recess from 1:58 to 2:00 p.m.)
EXAMINATION

BY MR. GAUKLER:
Q. I have a couple quick questions.

At one point in time in the questions asked
by Ms. Nakahara you were talking about Table D-1(d) on
sheet 234 of your calculation. Correct?

A. Yes.
Q. And that sheet shows vertical displacements?
A. (Witness nods head.)
Q. Are those vertical displacements all at one

time, or what are the vertical displacements displayed
in that table?

A. The vertical displacement displayed in this
table for various nodal points are maximum for the
individual nodes. They may or may not be at the same
time. So the number in each of these loads would show
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A.
for sure.

Q.
A.

Q.

guess.

Okay. That's just fine.
I could hazard a guess.
Sure, yes.
MR. TRAVIESO-DIAZ: Do not guess.
MS. CHANCELLOR: Yes, we'd love you to

MR. TRAVIESO-DIAZ: Instructing the witness
not to guess.

Q. (By Ms. Chancellor) Okay. I'll get those
settlement calculations during the next break, and we
can go over that.

In your opinion will the dynamic forces
imparted to the foundation and foundation soils include
bending and torsional stresses?

MR. TRAVIESO-DIAZ: Do you understand that
question?

THE WITNESS: This is with respect to the
Canister Transfer Building foundation and the pads, I
assume.

Q. (By Ms. Chancellor) That's correct. The
foundations that we're talking about in this
contention. So if I mention foundations, unless I'm
specific, it's either the pads --
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Q. Okay.
A. -- it's one of the SC calcs, probably 4 or

5, but I'm not positive.
Q. In your opinion will soil cement ufldc:,;

bending and torsion also?
A. Well, I believe it will be subjected to

bending stresses. I'm not sure about the torsional
stresses.

Q. And why don't you think it will underoc ar
torsional stress?

A. My opinion.
Q. The soil cement testing program, will that

be looking at all at bending stresses?
A. No, not that I -- I don't consider that the

bending stresses and the soil cement surrounding the
pads are of any interest because that soil cement
around the pads doesn't do anything for our design
basis except enhance the sliding capability.

Q. What about under the pads?
A. Under the pads? Under the pads the

material's going to be bonded to the concrete so --
Q. Provided that your soil cement testing

program shows that you can do that; is that correct?
A. Correct.
Q. So you're not going to look at the bending
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A. And the question is will those foundations

be exposed to bending stresses due to the earthquake.
Q. Bending and torsional stresses due to the

dynamic forces from an earthquake, yes.
A. In my opinion, that's likely, yes.
Q. And have you performed calculations to

determine the magnitude and orientation of these
stresses?

A. I have no need to do that. I'm not
designing those structures. The structural designer
needs to take those into consideration.

Q. And is that the ICEC calcs?
A. Yes, for the pads.
Q. And what about the CTB?
A. That would be one of Bruce Ebbeson's calcs,

the structural -- the structural engineer in Cherry
Hill.

Q. Would that be the calculation,
Development of Soil Impedance Function for the Canister
Transfer Building, or Seismic Analysis of the CTB?
There are two different calculations that Mr. Ebbeson
was involved with --

A. It's likely the latter.
Q. The latter?
A. I don't know for sure, but --
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or torsional stresses in the cement-treated soil under
the pad?

A. Correct.
(A discussion was held off the record.)

Q. (By Ms. Chancellor) Will there be bending
and/or torsional stresses in the soil cement around the
CTB?

A. Well, I believe there will be bending for
sure. Again, not convinced where the torsional
stresses are going to come from for that plate-like
material around the building.

Q. And what effect, if any, will these bending
stresses have on the passive resistance of the soil
cement around the CTB?

A. I don't think they'll have any effect on
it.

I
1

p

Q.
A.

questions.

Why not?
Why would they?
I'm asking you. You don't get to ask

MR. TRAVIESO-DIAZ: Well, I believe he
said --

MS. CHANCELLOR: I mean is there a basis
for his opinion?

Q. I mean is it just your gut feeling that

I
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that's what's going to happen or is there a basis for
your opinion?

A. If it -- if it bends in excess of the
amount that it can tolerate, then it will crack, and if
it cracks, it will be a vertical crack in response to
this bending. As the waves pass through this material,
if it cracks, it -- it's really not going to crack it,
I don't think. It's going to end up opening an
existing shrinkage crack. And when the wave goes by,
the crack will be closed up again when the wave -- you
know, when it's on the downside of it, it's going to
close back up, and then when the waves fully pass,
you're going to end up with the same kind of shrinkage
crack you had when you began.

Now, the passive resistance is not
diminished by the presence of a crack. It just means
that the building needs to strain a little -- displace
a little bit further to close up that little crack
before you get the full resistance again. So I don't
think that this bending stress issue is a concern for
the soil cement surrounding the CTB.

Q. Well, how much can the CTB slide?
A. There is absolutely nothing safety related

connected to this building, so it could slide tens of
feet and it wouldn't affect any safety-related systems.
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less than that determined in unconfined or triaxial
compression?

A. Yes.
MR. TRAVIESO-DIAZ: Sorry. I have problems

with the form of the question. Two problems I have.
First is what do you mean by tensile strength? You
mean actual, in the actual condition, as opposed to
test? That's my first question. And what do you mean
by considerable? So I object to the form.

Q. (By Ms. Chancellor) Under test
conditions -- well, just let's say less than rather
than considerably.

A. Yes.
Q. How much? How much less?
A. I don't know.
Q. Let's see here. And when the state

submitted its Contention Utah QQ, submitted a
declaration by Dr. Mitchell, and in that declaration --
and I'll give you a copy of it, but let me just read it
for the record. In paragraph 11 of that declaration,
Dr. Mitchell states, The cement-treated soil will be
subject to tensile stresses from static loading, from
freeze/thaw and wet/dry, from shrinkage and from
dynamic loading. The tensile strength of
cement-treated soil is typically only about a fifth to
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But certainly a few inches or even feet is not going to
cause problems for safety of on-site or off-site
personnel or the public.

This is -- this is a little different from
normal nuclear power plant structures. On normal
nuclear power plants, you have typically very
Category I piping systems that you have to worry about
being severed during an earthquake. So if the building
were to slide, in a situation like that, you'd have to
make sure that your connections were designed to
sustain those kinds of movement. Here we don't have
any Category I piping connections. We don't have any
Category I electrical connections. We don't have any
Category I gas lines or fuel lines or -- there's
nothing Category I connected to this building, so if it
were to slide a few inches it's not of any consequence
to any safety-related thing.

(A discussion was held off the record.)
Q. (By Ms. Chancellor) In your opinion, is it

possible that tensile strength of soil cement may be
considerably less than that determined in unconfined or
triaxial compression?

A. Would you please repeat the question?
Q. In your opinion, is it possible that

tensile strength of soil cement may be considerably
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a third of the unconfined compressive strength, so even
rather low tensile stresses can cause cracking.

Here's the -- here's paragraph 11 of
Dr. Mitchell's declaration. And I'd like to ask you
whether you have an opinion on whether this range of
tensile strength is possible?

A. I have no reason to doubt Dr. Mitchell's
statement.

MR. TRAVIESO-DIAZ: I'm sorry. What -- I
should have spoken sooner. What range are you talking
about here?

MS. CHANCELLOR: The three to five times
less than the unconfined compressive strength.

MR. TRAVIESO-DIAZ: Is that what you
understood the question to be?

MS. CHANCELLOR: To the yellow highlighted
area.

THE WITNESS: Um-hum.
MS. CHANCELLOR: And I asked him whether he

had an opinion on whether this range of tensile
strength is possible, and he -- Mr. Trudeau answered
that he had no reason to challenge Dr. Mitchell's
assumption.

Q. And my next question is if you do have this
tensile strength being three to five times less than

. _
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demonstrate the amplification effect
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This is greater than the criterion of 1.1; therefore, the cask storage pads have an adequate

factor of safety against overturning due to dynamic loadings from the design basis ground

motion.



STONE & WEBSTER, INC.

5010.65 CALCULATION SHEET

I

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. I DIVISION & GROUP | CALCULATION NO. OPTIONAL TASK CODE PAGE 15

05996.02 G(B) 04 - 9

SLIDING STABILITY OF THE CASK STORAGE PADS

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

FS = resisting force . driving force

For this analysis, ignoring passive resistance of the soil (soil cement) adjacent to the pad,

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

T = Ntan4+cBL

where, N (normal force) = E Fv = Wc + Wp + EQ, 0 + EQp

+ = 0' (for Silty Clay/Clayey Silt)

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

B 30 feet

L = 67 feet

DESIGN ISSUES RELA TED TO SLIDING STABILITY OF THE CASK STORA GE PADS

Figure 3 presents a detail of the soil cement under and adjacent to the cask storage pads.

Figure 8 presents an elevation view, looking east, that is annotated to facilitate discussion

of potential sliding failure planes. The points referred to in the following discussion are

shown on Figure 8.

1. Ignoring horizontal resistance to sliding due to passive pressures acting on the sides of

the pad (i.e., Line AB or DC in Figure 8), the shear strength must be at least 1.60 ksf

(11. 10 psi) at the base of the cask storage pad (Line BC) to obtain the required

minimum factor of safety against sliding of 1.1.

2. The static, undrained strength of the clayey soils exceeds 2.1 ksf (14.58 psi). This

shear strength, acting only on the base of the pad, provides a factor of safety of 1.27

against sliding along the base (Line BC). This shear strength, therefore, is sufficient to

resist sliding of the pads if the full strength can be engaged to resist sliding.

3. Ordinarily a foundation key would be used to ensure that the full strength of the soils

beneath a foundation are engaged to resist sliding. However, the hypothetical cask

tipover analysis imposes limitations on the thickness and stiffness of the concrete pad

that preclude addition of a foundation key to ensure that the full strength of the

underlying soils is engaged to resist sliding.

4. PFS will use a layer of soil cement beneath the pads (Area HITS) as an "engineered

mechanism" to bond the pads to the underlying clayey soils.

5. The hypothetical cask tipover analysis imposes limitations on the stiffness of the

materials underlying the pad. The thickness of the soil cement beneath the pads is

limited to 2 ft and the static modulus of elasticity is limited to 75,000 psi.

-
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EVALUATION OF SLIDING ON DEEP SLIP SURFACE BENEATH PADS

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

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

The method proposed by Newmark (1965) is used to estimate the displacement of the
pads, assuming they are founded directly on a layer of cohesionless soils. This
simplification produces an upper-bound estimate of the displacement that the pads might
see if a cohesionless layer was continuous beneath the pads. For motion to occur on a slip
surface along the top of a cohesionless layer at a depth of 10 ft below the pads, the slip
surface would have to pass through the overlying clayey layer, which, as shown above, is
strong enough to resist sliding due to the earthquake forces. In this analysis, a friction
angle of 300 is used to define the strength of the soils to conservatively model a loose
cohesionless layer. The soils in the layer in question have a much higher friction angle,
generally greater than 350, as indicated in the plots of "Phi" interpreted from the cone
penetration testing, which are presented in Appendix D of ConeTec (1999).

ESTiMA TION OF HORIZONTAL DiSPLA CEMENT USiNG NEWMARK'S METHOD

N-W f Fv,(Eqk)

+FV

* . . . . I T = I-Area
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Newmark (1965) defines "N-W" as the steady force applied at the center of gravity of the

sliding mass in the direction which the force can have its lowest value to just overcome the

stabilizing forces and keep the mass moving. Note, Newmark defines "N" as the "Maximum

Resistance Coefficient," and it is an acceleration coefficient in this case, not the normal

force.

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

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

Shearing resistance, T = t-Area

where X =an tan

an= Normal Stress

f = Friction angle of cohesionless layer

an= Net Vertical Force/Area

= (FV - Fv Eqk) /Area

T = (Fv - Fv Eqk) tan f

NW= T

=> N = [(FV - FV Eqk) tan4]/W

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

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

The above expression for the relative displacement is an upper bound for all of the data

points for N/A less than 0.15 and greater than 0.5, as shown in Figure 5 , which is a copy

of Figure 41 of Newmark (1965). Within the range of 0.5 to 0.15, the following expression

gives an upper bound of the maximum relative displacement for all data.

Urn = V2 /(2gN)

MAXIMUM GROUND MOTIONS

The maximum ground accelerations used to estimate displacements of the cask storage

pads were those due to the PSHA 2,000-yr return period earthquake; i.e., aH = 0.711g and

av = 0.695g. The maximum horizontal ground velocities required as input in Newmark's

method of analysis of displacements due to earthquakes were estimated for the cask

storage pads assuming that the ratio of the maximum ground velocity to the maximum

ground acceleration equaled 48 (i.e., 48 in./sec per g). Thus, the estimated maximum

velocities applicable for the Newmark's analysis of displacements of the cask storage pads

= 0.711 x 48 = 34.1 in./sec. Since the peak ground accelerations are the same in both

horizontal directions, the velocities are the same as well.
I

I
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LOAD CASES

The resistance to sliding on cohesionless materials is lowest when the dynamic forces due

to the design basis ground motion act in the upward direction, which reduces the normal

forces and, hence, the shearing resistance, at the base of the foundations. Thus, the

following analyses are performed for Load Cases IIIA, IIIB, and IIIC, in which the pads are

unloaded due to uplift from the earthquake forces.

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

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

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

GROUND MOTIONS FOR ANALYSIS

North-South Vertical East-West

Load Case Accel Velocity Accel Accel Velocity

__g in./sec g g in. / sec

IIIA 0.284g 13.7 0.695g 0.284g 13.7

IIIB 0.284g 13.7 0.278g 0.71 lg 34.1

IIIC 0.711g 34.1 0.278g 0.284g 13.7
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EVALUA77ON OF SuDINvG ON DEEP SLIP SURFACE BENEATH PADS

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

Static Vertical Force, F, = W = Weight of casks and pad = 2,852 K + 904.5 K = 3,757 K

Earthquake Vertical Force, Fv qk = av x W/g = 0.695g x 3,757 K/g = 2,611 K

= 30°

For Case IIIA, 100% of vertical earthquake force is applied upward and, thus, must be

subtracted to obtain the normal force; thus, Newmark's maximum resistance coefficient is

F FvEqk W

N = [(3,757 - 2,611) tan 3 0°] / 3,757 = 0.176

40% N-S 40% E-W

Resultant acceleration in horizontal direction, A = j(0.284 2 + 0.2842) = 0.402g

40% N-S 40% E-W

Resultant velocity in horizontal direction, V = (13.72 + 13.72) = 19.4 in./sec

=> N / A = 0.176 / 0.402 = 0.438

The maximum displacement of the pad relative to the ground, urn, calculated based on

Newmark (1965) is

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

where g is in units of inches/sec 2 .

=' U =(19.4 in./sec) 2 -(1-0.438) - 1.56"
m 2 -386.4 in. / sec2 0.176 )

The above expression for the relative displacement is an upper bound for all the data

points for N /A less than 0.15 and greater than 0.5, as shown in Figure 5. For N/A values

between 0.15 and 0.5 the data in Figure 5 is bounded by the expression

tm [V2] / (2gN)

urnZ (19.4 in./sec)2  =2.77"

m 2 386.4 in. /sec2 .0.176

In this case, N /A is = 0.438; therefore, use the average of the maximum displacements;

i.e., 0.5 (1.56 + 2.77) = 2.2". Thus the maximum displacement is -2.2 inches.
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EVALUATION OF SLIDING ON DEEP SLIP SURFACE BENEATH PADS

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

Static Vertical Force, F, = W = 3,757 K

Earthquake Vertical Force, Fv(Eqk) = 2,611 K x 0.40 = 1,044 K

4) 30°

F- F, Eqk 4 W

N [(3,757 - 1,044) tan 30°] / 3,757 = 0.417

40% N-S 100% E-W

Resultant acceleration in horizontal direction, A = F(0.2842 + 0.7112) g = 0.766g

40% N-S 100% E-W

Resultant velocity in horizontal direction, V = J(13.72 + 34.12) = 36.7 in./sec

> N / A = 0.417 / 0.766 = 0.544

The maximum displacement of the pad relative to the ground,

Newmark (1965) is

um, calculated based on

UMr [V2 (1 - N/A)J / (2g N)

=> U (36.7in./sec)y (1-0.544) =1.91",
m U 2.386.4in./sec2 0.417 -

The above expression for the relative displacement is an upper bound for all the data

points for N /A less than 0.15 and greater than 0.5, as shown in Figure 5. In this case,

N /A is > 0.5; therefore, this equation is applicable for calculating the maximum relative

displacement. Thus the maximum displacement is ~ 1.9 inches.

Load Case 1IC: 100% N-S direction, -40% Vertical direction, 40% E-W direction.

Since the horizontal accelerations and velocities are the same in the orthogonal directions,

the result for Case IIIC is the same as those for Case IIIB.

SUMMARY OF HORIZONTAL DISPLACEMENTS CALCULATED BASED ON NEWMARK'S METHOD

FOR ASSUMPTION THAT CASK STORAGE PADS ARE FOUNDED DIRECTLY ON COHESIONLESS

SOILS WITH 4 = 300 AND No SOIL CEMENT

LOAD COMBINATION

Case IIIA 1 40% N-S - 100% Vert

Case IIIB 40% N-S -40% Vert

lCase IC 100% N-S -40% Vert

DISPLACEMENT
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EVALUATION OF SLIDING ON DEEP SLIP SURFACE BENEATH PADS

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

= 30°, the estimated relative displacement of the pads due to the design basis ground

motion based on Newmark's method of estimating displacements of embankments and

dams due to earthquakes ranges from -1.9 inches to 2.2 inches. Because there are no

connections between the pads or between the pads and other structures, displacements of

this magnitude, were they to occur, would not adversely impact the performance of the

cask storage pads. There are several conservative assumptions that were made in

determining these values and, therefore, the estimated displacements represent upper-

bound values.

The soils in the layer that are assumed to be cohesionless, the one -10 ft below the pads

that is labeled "Clayey Silt/Silt & Some Sandy Silt" in the foundation profiles in the pad

emplacement area (SAR Figures 2.6-5, Sheets 1 through 14), are clayey silts and silts, with

some sandy silt. To be conservative in this analysis, these soils are assumed to have a

friction angle of 300. However, the results of the cone penetration testing (ConeTec, 1999)

indicate that these soils have + values that generally exceed 35 to 40°, as shown in

Appendices D & F of ConeTec (1999). These high friction angles likely are the

manifestation of cementation that was observed in many of the specimens obtained in

split-barrel sampling and in the undisturbed tubes that were obtained for testing in the

laboratory. Possible cementation of these soils is also ignored in this analysis, adding to

the conservatism.

In addition, this analysis postulates that cohesionless soils exist directly at the base of the

pads. In reality, the surface of these soils is 10 ft or more below the pads, and it is not

likely to be continuous, as the soils in this layer are intermixed. For the pads to slide, a

surface of sliding must be established between the horizontal surface of the "cohesionless"

layer at a depth of at least 10 ft below the pads, through the overlying clayey layer, and

daylighting at grade. As shown in the analysis preceding this section, the overlying clayey

layer is strong enough to resist sliding due to the earthquake forces. The contribution of

the shear strength of the soils along this failure plane rising from the horizontal surface of

the "cohesionless" layer at a depth of at least 10 ft to the resistance to sliding is ignored in

the simplified model used to estimate the relative displacement, further adding to the

conservatism.

These analyses also conservatively ignore the presence of the soil cement under and

adjacent to the cask storage pads. As shown above, this soil cement can easily be

designed to provide all of the sliding resistance necessary to provide an adequate factor of

safety, considering only the passive resistance acting on the sides of the pads, without

relying on friction or cohesion along the base of the pads. Adding friction and cohesion

along the base of the pads will increase the factor of safety against sliding.

I
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the state of stress existing under the Canister Transfer Building mat. Note, that the

average post-peak strength reduction for normal stress of 1.5 ksf for the three direct shear

tests is only 15.6% for these very high shear displacements in the direct shear tests. The

maximum value of the average the post-peak strength reductions for normal stress of 1.5

ksf occurred for Sample U-3B&C in CTB-6, and it equaled 20.8%. If the results of this test

were used to define the residual strength of these soils, the analyses would be performed

at c = 1.5 ksf, the average of the post-peak strengths measured at the maximum shear

displacements in these tests for normal stresses of 1 ksf and 2 ksf. This would result in

higher factors of safety than are calculated and presented in Table 2.6-14, based on c =

1.36 ksf.

CALCULATION OF AVERAGE POST-PEAK STRENGTH REDUCTION FOR NORMAL STRESS

APPLICABLE TO FINAL TRESSES UNDER THE CANISTER TRANSFER BUILDING

Normal Stress = 1 ksf Normal Stress = 2 ksf Average

tentatIStrength a
Post-Peat PsP

orn smpe Peak Maximum Post-Peak Peak Maximum Red-Pak ction
Strength Shear strength Strength Shear trength for

Displace- Reduction Dplce- Reductio Normal

mentmentStress =

ksf ksf % ksf ksf ___ %%

C-2 U-1C 1.67 1.2 28.1 2.13 2.1 1.4 14.8

CTB"6 U-3B&C 1.57 1.1 29.9 2.15 1.9 11.6 20.8

CTB-S U-2AA 1.42 1.1 22.5 1.58 1.7 -0.0 11.3

Average = 15.6

The results of the sliding stability analysis of the Canister Transfer Building for this case

are presented in Table 2.6-14. In this table, the components of the driving and resisting

forces are combined using the SRSS rule. All of these factors of safety are greater than

1.1, the minimum required value. These results indicate that the factors of safety are

acceptable for all load combinations examined. The lowest factor of safety is 1.26, which

applies for Cases IIIC and IVC, where 100% of the dynamic earthquake forces act in the N-

S direction and 40% act in the other two directions. These results demonstrate that there

is additional margin available to resist sliding of the building due to the earthquake loads,

even when very conservative estimates of the residual shear strength of the clayey soils are

used.
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Seismic Analysis of Safety-Related Nuclear Structures

1.0 GENERAL

1.1 INTRODUCTION

by their foundation materials and that no soil or rock
failure occurs that would modify or void the seismic
analysis.

1.1.1 Purpose
This standard provides minimum requirements

and acceptable methods for the seismic analyses of
safety-related structures of a nuclear facility. This
standard provides a methodology for calculating seis-
mic responses in structures and to derive input mo-
tions for use in the seismic qualification of electrical
and mechanical systems and components.

The purpose of the analytical methods is to pro-
vide only small levels of conservatism to account for
uncertainties. The iNeational conservatismis con-
tained in the following thuee areas:

1. For-soil-structure-interaction,-Ilree cases are ana-
lyzed using different soil modulus values and the
results use the envelope of the three cases.

2. For in-structure response spectra, the peaks are
broadened.

3. For structural damping, conservative values are
specified.

As-2 result,-the-vutput from-he analyses using
these methods will be at a slightly greater probability
of non-exceedance than that of the input. For exam-
ple, the seismic responses will have about a 90%
chance of not being exceeded for an input response
spectrum specified-atthe 84th percertile-non-exceed-
ance level.

1.1.2 Scope

1.12.1 Types of Structures Covered-by
This Standard

This standard is intended for use in the seismic
analysis of all safety-related structures of nuclear fa-
cilities including, but not limited to, above and below
ground structures. buried piping, above ground verti-
cal tanks and structures with seismic isolation sys-
tems. Analysis of caisson and pile-supported founda-
tions, unlined tunnels, and floating structures are not
covered by this standard. However, nothing in this
standard should be considered to preclude the use of
these structures and structural elements.

1.12.2 Foundation Material Stability
The analysis procedures provided herein assume

that the structures analyzed are adequately supported

1.1.3 General Requirements --

1.13.1 Use of Analysis Results
The seismic responses determined from the anal-

yses prescribed herein are to be combined with re-
sponses due to dead load and other prescribed loads.

1.1.3.2 Alternative Metodwologies
Techniques other than those specified in this

standard, including experience gained from past
earthquakes, special analyses, and testing, rnay be
used in lieu of the requirements specified herein.
However, such alternative methodologies shall be
properly substantiated and shall conform to the intent
of this standard as expressed in the preface.

1.2 DEFINITIONS

The following terms are defined for general use
in this standard. Specialized definitions -also appear in
some individual sections.

Apparent wave propagation velocity: The ap-
parent propagation velocity of seismic waves through

-the ground relative to a fixed-local -ourdinate system
on the object analyzed.

Competent soil: Any natural or improved soil
that has a shear wave velocity, V, 2 1,000 fps (300
m/s).

Coupled: A descriptive term for mathematical
models of structures and components that are inter-
connected and which influence the dynamic response
of each other.

"Cut-off" frequency: The highest frequency
which is adequately represented in the model for the
soil structure interaction analysis procedure. It may
be taken as twice the highest dominant frequency of
the coupled soil-structure system for the direction un-
der consideration, but not less than 10 Hz.

Design (or evaluation) ground acceleration:
The value of the acceleration which corresponds to
acceleration at zero period in the design ground-
response spectrum.

Design (or evaluation) response spectrum: A
smooth response spectrum of the free-field input mo-

I
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(XJ = column vector of relative velocities (n X l);
{Xl = column vector of relative accelerations

(n X 1);
I Uj = influence vector; displacement vector of the

structural system when the support undergoes
a unit displacement in the direction of the
earthquake motion (n X 1);

n = number of dynamic degrees of freedom;
A, = ground acceleration.

(b) Eq. 3.2-1 may be solved using the modal su-
perposition or direct integration time history methods.

3.2.2.2.1 Modal superposition
(a) The modal-superposition method may be used

when the equations of motion (Eq. 3.2-1) can be de-
coupled using the transformation:

_itl#,
T [A"IIIU = {.0jJ[M](Uj} (Eq. 3.24)

(when mass normalized so denominator equals
one).

The single-degree-of-freedom equations shall be
integrated using a proven technique, such as those
listed in Table 3.2-1. --

(d) The techniques used for determining mode
shapes and frequencies shall have convergence
checks to ensure accuracy.

(e) It shall be sufficient to include all the modes
in the analysis having frequencies less than the ZPA
frequency, provided that the residual rigid response
due to the missing mass is calculated from Eq. 3.2-5
and is combined algebraically with the response from
Eqs. 3.2-2 and 3.2-3.

(X} = f#I(Y) .Eq. 3.2-2)

where

[4b] = normalized mode shape matrix; [0]T[MJ[Ol] =
- [l1] [This is an (m X m) identity matrix];

(YJ = vector of normal, or generalized, coordinates
(m X l);

m = number of modes considered.

(b) The transformation of Eq. 3.2-2 will decou-
pie the equation of motion (Eq. 3.2-1) when terms
like j4, T([Cj(OjA, i *j, are small and can be ne-
glected. -This approximation is used in most practical
cases including the structural systems with composite
damping described in Sections 3.1.5.2 and 3.1.5.3.
When experience shows that such an approximation
is inappropriate, or a more accurate analysis is de-
sired, a method which accounts for nonclassically
damped systems may be used.

(c) The decoupled equation of motion for each
mode may be written as:

Yj + 2AkjY + 2Yj = -rFi (Eq. 3.2-3)

where

Yj =generalized coordinate of jth mode;
Al = damping ratio for the jth mode expressed as

fraction of critical damping;
at = circular frequency of jth mode of the system

(rad/s);
r, = modal participation factor of the jth mode;

[K]tX) = -[U] f(Uh) -= 12144))

(Eq. 3.2-5)
- (f) Alternatively, the number of modes included

in the analysis shall be sufficient to ensure that inclu-
sion of all remaining modes does not esult in more
than 10% increase in total responses of interest.

3.2.2.2.2 Direct integration
(a) Direct integration of the equations of motion

(Eq. 3.2-1) may be used. Eidier4mplicit-or-explicit
methods of numerical integration may be used to
solve the equations of motion.

3.2.23 Nonlinear Methods
(a) When performing a-nonlinear-analysis;,the

following shall be considered:

1. Geometric nonlinearities that significantly alter the
effective system geometry, such as large displace-
ments or significant gaps;

2. Material nonlinearities, such as plasticity or fric-
tion,.in the range-of response under consideration.

(b) The direct-integration and modal-superposi-
tion procedures (when appropriate) are acceptable
methods to use for solution.

(c) Nonlinear analyses, shall, in general, consider
all three components of earthquake motion, which
shall be considered to act simultaneously unless it
can be shown that individual component responses
are uncoupled.

(d) In general, more than one set of acceleration
time histories, meeting the requirements of Section
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SEISMIC ANALYSIS OF SAFETY-RELATED NUCLEAR STRUCTURES

2.3, should be used, and the results of the analyses
shall be averaged.

323 Response Spectrum Method

3.2.3.1 Linear Methods
(a) When the response spectrum method is used,

the basic equations of motion given by Eq. 3.2-1
shall be uncoupled using the linear coordinate trans-
formation of Eq. 3.2-2 and represented by the un-
coupled, individual equation for each mode as given
by Eq. 3.2-3.

(b) The generalized response of each mode shall
be determined from:

Yj(max) = r, (Eq. 3.2-6)

wherebSy is the spectal acceleration correspondiag-4o
frequency w,,.

(c) The maximum displacement of node i relative
to the base due to mode j is:

XV(Max3=--+0Yj(max) (E~q. 3.2-47

(d) In performing the calculations using Eqs. 3.2-
6 and 3.2-7, and in calculation of the response quan-
tities, the signs of the participation factor, rI, the

-maximum generalized-coordinate, YlYmax), thernaxi-
mum displacement of node i relative to the base due
to mode j,X(max), and other response quantities,
shall be retained.

(e) Include all the modes in the analysis having
frequencies less than the ZPA frequency or cutoff fre-
quency, provided that the residual rigid response due
to the missing mass calculated from Eq. 3.2-8 is
added.

[K] (X.(max)} = M x {fUb) - E Fi{4,iI} SA.

(Eq. 3.2-8)

where

S,,, = highest spectral acceleration in the interval be-
tween the cut-off frequency and ZPA.

Alternatively, the number of modes to be included in
the analysis shall be determined as in Section
3.2.2.2.1(f).

(f) For modal combination purposes the residual
rigid response {X,(max)} shall be considered as an

additional mode having a frequency equal to the ZPA
or cutoff frequency.

(g) Individual modal and component responses
shall be combined in accordance with the require-
ments of Section 3.2.7.

3.2.3.2 Nonlinear Methods
The response spectrum method cannot be applied

in a rigorous manner to nonlinear multi degree-of-
freedom systems because superposition of modes is
no longer valid; however, there are approximate
methods which may be used with adequateaccuracy.

3.2.4 Complex Frequency Response Method

3.2.4.1 General Requirements
When the complex. frequency respoase-nethod is

used for seismic time history analysis, the following
requirements shall be met

(a) The time interval for the input time history shall
be chosen so that the maximum frequency of in-
terest is retained.

(b) The frequency interval for calculation of transfer
functions shall be selected-to-accurately define
the transfer functions at structural frequencies.

(c) A quiet zone (trailing zeros) shall be added to the
excitation time history. The quiet zone shall be
long enough to damp out the transient response

-to ensure zero initial-conditions.
(d) The transfer functions shall be established at a

minimum 150 points in the 0 to ZPA frequency
range unless the use of a lesser number of points
or a lower upper frequency limit is justified.

3.2.4.2 Response Tune History
When the complex frequency response method is

used, the response time history, R(t), may be ex-
pressed as:

.. R(t) = R(&))e"' dw (iEq. 3.2-9)

where R(w) is the response in the frequency domain
and is given by:

R(W) = ?()igQ(O) (Eq. 3.2-10)

where

7(Z) = transfer function for the structure at circular
frequency a;

) = circular frequency;
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ASCE 4-98

TABLE 3.3-1. Lumped Representation of Structure-Foundation Interaction at

Surface for Circular Base

Motion Equivalent Spring Constant Equivalent Damping Coefficient

Horizontal 32(1 - Y)GR c. = 0.576kRk\/'

7-8v

Rocking 8GR' 0=30

kV-3(l - P) C=I+B VR p

Vertical 4GR c= 0.85k.R\/v
1-I

Torsion k, = 16GR'13
C,=I I + 21IdpR'

Notes: v = Poisson's ratio of foundation medium; G = shear modulus of foundation medium; R = radius of

circular basemar; p = mass density of foundation medium; 8 = 3(1 - v)I.18pR'; 1. = total mass moment of

inertia of structure and basemat about the rocking axis at the base; and 1, = polar mass moment of inertia of

strucstut and basemaL.

fixed base analysis of the flexible structure
representation.

3.3.1.2 Spatial Variations of Free-Field Motion

(a) Vertically propagating shear and compres-

sional waves may be assumed for an SSI analysis

provided that torsional effects due to nonvertically

propagating waves are considered. The consideration

of an accidental eccentricity of 5% of the structure's

plan dimension, as discussed in Section 3.1.1, will

fully account for the torsional effects.
(b) Variation of amplitude and frequency content

with depth may be considered for embedded

structures.

3.3.13 Three-Dimensional Effects
The three-dimensional phenomenon of radiation

damping and layering effects of foundation soil shall

be consiaered ini SSI analysis.

3.3.1.4 Nonlinear Behavior of Soil

The nonlinear behavior of soil shall be consid-

ered and may be approximated by equivalent linear

material properties. Two types of nonlinear behavior

may be identified: primary and secondary nonlineari-

ties. "Primary nonlinearity" denotes nonlinear mate-

rial behavior induced in the soil due to the excitation

alone, i.e., ignoring structure response. "Secondary

nonlinearity" denotes nonlinear material behavior in-

duced in the soil due to structural response as a re-.

suit of SSI. Primary nonlinearities shall be considered

in the SSI analysis. Except for the provisions o

tion 3.3.1.9, secondary'nonlinearities, including

nonlinear behavior in the vicinity of the soil-structure

interface, need not be considered.

3.3.1.5 Structure-to-Structure Interaction
Structure-to-structure interaction lmay-be gener-

ally neglected for overall structural response but shall

be considered for local effects due to one structure

on another, such as required in Section 3.5.3 for

33.1.6 Effect of Mat and Lateral Wall Flexibility

The effect of mat flexibility for mat foundations

and the effect of wall flexibility for embedded walls

need not be considered in the SSI analysis performed

toblish seismic responses.

-3.31.7 Uncertainties in SSI Analysis
The uncertainties in the SSI analysis shall be

considered. In lieu of a probabilistic evaluation of

uncertainties, an acceptable method to account for

uncertainties in SSI analysis is to vary the low strain

soil shear modulus. Low strain soil shear modulus

shall be varied between the best estimate value times

(I + C.) and the best estimate value divided by (I +

C,,), where C. is a factor that accounts for uncertain-

ties in the SS1 analysis and soil properties. If suffi-

cient, adequate soil investigation data are available,

the mean and standard deviation of the low strain

shear modulus shall be established for every soil
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STATE OF UTAH's PREFACE TO TESTIMONY OF DR MOHSIN R KHAN AND
DR FARHANG OSTADAN ON CONTENTION UTAH L/QQ, Cask Stability Analysis

I. PFS's Unprecedented and Unconservative Design Requires Comprehensive and
Qualitative Seismic Analysis.
A. PFS's design to allow the unanchored casks and pads to excessively slide and rotate in a

seismically active area is unprecedented and unconventional.
B. It is contrary to good engineering practice to rely only on analytical analyses to justify PFS's

unconventional design and not include redundancies in design.
C. Conservatism is critical with an unconventional design, thus, the seismic analysis/testing

must account for all potential cumulative effects of ground motion that may amplify the
movement of the casks and storage pads.

II. Portions of Cask Stability Independently Modeled.
A. To check the PFS cask stability analysis, Dr. Khan modeled aspects of the cask behavior

subject to a 2,000-year DE at the PFS site.
1. Estimating the maximurn, accumulative cask displacement was a key objective, so the

model was designed to not allow the cask to over turn.
2. Cask displacement varies significantly with the contact stiffness value used.
3. Non-linear mathematical models predicting cask movement are highly sensitive to the

contact stiffness parameter selected for the analysis.
4. The high stiffness values may cause the code to treat the model as linear.
5. In the cask model, high contact stiffness values artificially absorb energy and could

reduce instantaneous velocities used in the next successive iteration in non-linear time
history analysis thus, underestimating the cask displacement.

6. Cask displacement varies significantly with the amount of damping used.
7. Damping should be insignificant for a rigid cask because only friction should be the

primary energy dissipation mechanism.
8. Using a range of reasonable contact stiffness values the relative cask displacements may

be significantly higher than those reported in Holtec analyses of HI-STORM 100 cask
system in all three directions of motion.

9. Based on the necessaryvelocity and uplift to over turn the cask, the HI-STORM 100
may tip over under a PFS 2,000-year DE.

III. PFS Seismic Analysis of HI-STORM 100 Unconservative and Inconclusive.
A. Based on Dr. Khan's analysis, PFS's cask stability analysis results are unreliable.

1. PFS used a high contact stiffness which may underestimate cask displacement.
2. PFS used 5% damping which may underestimate cask displacement.
3. Without benchmark test data, the PFS's results are questionable.

B. The lump mass mathematical code, Dynamo, used to model cask behavior for the 2,000-year
DE, may generate invalid results.

1. Dynamo's limitation have not been quantified, however, Holtec suspects it is a small
deformation code not capable of handling rotations in excess of 15 degrees. Holtec has
not defined the basis for this 15 degrees.

2. Dynamo has not been previously used for equivalent or greater ground motion than PFS
2,000-year DE for cask analyses.

3. Dynamo has not been benchmarked against any full or bench scale data for ground
motions greater than 0.4 g for sliding and uplift type of problems.



4. If cask rotations are too high, Dynamo would produce erroneous results which could

appear to have physical meaning.
5. Dynamo was not used to predict cask behavior for PFS 10,000-year DE because

Dynamo can not handle the expected cask rotations.
C. Must validate analytical seismic analysis displacements with shake table test data.

IV. Conclusion.
A. While Dr. Khan's results cannot be verified without benchmarking against shake table data

they are sufficiently accurate to question the validity of PFS's analytical seismic results.

B. The questionable validity of Holtec's results support the Dynamic Analysis Testimony, that

PFS has not demonstrated adequate factor of safety in its seismic analysis
C Without an accurate cask behavior analysis it is impossible to estimate the magnitude and

cumulative effect of PFS's failure to conservatively account for the flexibility of the storage

pads; pad to pad interaction, and other inputs to its seismic analysis.



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of: ) Docket No. 72-22-ISFSI
)

PRIVATE FUEL STORAGE, LLC ) ASLBP No. 97-732-02-ISFSI
(Independent Spent Fuel )
Storage Installation) ) April 1, 2002

STATE TESTIMONY OF DR MOHSIN R KHAN AND DR FARHANG
OSTADAN ON UNIFIED CONTENTION UTAH L/QQ, PART D

(Cask Stability)

I. Purpose of Testimony.

Q. 1: Dr. Ostadan, please state your name for the record.

A. 2: (FO) My name is Dr. Farhang Ostadan.

Q. 2: Dr. Khan, please state your name for the record.

A. 2: (MRK) My name is Dr. Mohsin R. Khan.

Q. 3: Dr. Ostadan, have you given other testimony describing your concerns
with PFS's seismic analyses?

A. 3: Yes. In accompanying testimony jointly given with Dr. Steven Bartlett, I
described PFS's inconsistent approach to analysis of the storage pads. See Dynamic Analysis
Testimony. My testimony with Dr. Bartlett also addresses, to some extent, PFS's failure to
consider non-vertically propagating waves, pad flexibility, cold bonding and to use multiple
time histories.

The most serious concern I have is that PFS's design concept is unprecedented and
unproven. I have discussed this at some length in my Dynamic Analysis testimony with Dr.
Bartlett. Suffice it to say that there are no redundancy built in PFS's seismic design, which
means that any misstep in PFS's seismic analyses could cause its design to fail.

Also, in testimony concurrently filed with Dr. Bartlett relating to Lack of
Conservative Design, I discuss that the appropriate design basis earthquake must be
inextricably linked to the performance of structures systems and components important to



safety at the PFS facility.

Q. 4: What is the purpose of your testimony?

A. 4: (MRK, FO) The purpose of our joint testimony is to explain the basis for
our individual professional opinions that PFS's analysis of the stability of the storage casks
are not performed in a comprehensive way to adequately demonstrate that the casks and
storage pads will safely withstand a 2,000-year design basis earthquake ("DBE") at the PFS
site. The assumptions and parameters used in PFS's cask stability analysis for the Holtec
International Company ("Holtec"), HI-STORM 100 cask system are unconservative and
may underestimate potential cask reaction under seismic ground motion at the PFS facility.
Without an accurate cask behavior analysis, it is impossible to estimate the magnitude and
cumulative effect of PFS's failure to conservatively account for the frequency dependency of
spring and damping values; the flexibility of the storage pads; pad-to-pad interaction during
seismic excitation and sliding; the variation in phasing of time histories in a non-linear
analysis; the potential for cold bonding; and non-vertically propagating waves.

(MIRK) To demonstrate the inadequacy of PFS's seismic analysis, I will testify that
PFS's HI-STORM 100 cask stability analysis results have not been verified or benchmarked
with shake table test data to determine their accuracy or usefulness under the high seismic
environment. My independent analysis shows that the HI-STORM 100 cask system may
excessively slide, uplift, and potentially tipover when subject to the ground motions for a
2,000-year DBE at the PFS facility

Q. 5: Explain why you are testifying together.

A. 5: (MRK, FO) We have different individual expertise with respect to seismic
analysis. Our individual roles with respect to evaluating PFS's seismic analysis of the casks
and storage pads are interconnected. Dr. Khan's cask stability and tipover analysis is a
supporting subset of Dr. Ostadan's evaluation of the PFS seismic design and analysis. Our
collective testimony comprised of our individual opinions will aid the Licensing Board in
assessing this issue and make our testimony more cohesive and easier to understand.

II. Qualifications and Background.

Q. 6: Dr. Ostadan, have you previously provided your qualifications with
respect to pre-filed testimony in support of this contention?

A. 6: Yes. Please refer to my Dynamic Analysis Testimony with Dr. Steven F.
Bartlett. My curriculum vitae is included with that testimony as State Exh. 110.

Q. 7: Dr. Khan, please provide your qualifications and affiliation.
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A. 7: (MRK) I hold a Ph.D. in solid mechanics (structures) from Clarkson College
of Technology, Potsdam, N.Y., am currently employed byAltran Corporation, and am a
consultant and registered professional engineer. My curriculum vitae listing my
qualifications, experience, training, and publications is in State's Exhibit 119.

I have more than 22 years experience using response spectral data and finite element
analysis to predict seismic performance of various structures, systems, and components.
Throughout my career, I have used finite element models to analyze and predicte the seismic
response of structures and equipment at nuclear facilities, including the analysis of free
standing spent nuclear fuel racks and rigid blocks in a high seismic area. I have evaluated
various seismic analyses of free standing dry storage casks for the high seismic areas.
Additionally, I have performed analyses and seismic studies and review of numerous
equipment and structures for several nuclear power plants.

Currently, I am the Engineering Manager of Altran's Structural Mechanics group in
San Francisco, which is involved in equipment, piping, and structural analysis and design,
including developing seismic specifications for testing and design review support. I also
reviewed and developed a design basis criteria document for a dry cask ISFSI project in a
high seismic area.

I have experience in linear and non-linear finite element analysis and design of
structure, systems, or component performance under high seismic conditions. I have used
structural analysis finite element codes such as STRUDL, ANSYS, BSAP, SAP90, and
SAP2000 and in-house computer programs. Occasionally I have used the NASTRAN and
STARDYNE computer programs. I am familiar with the use of AISC Code and ASME
Code, Section III and VIII, and IEEE-344 Standard for dynamic qualification of equipment.
I am currently a member the of IEEE-344 working group. As an example of my experience,
I was involved in the review and development of finite element models to qualify equipment
and structures at a nuclear power plant in a high seismic environment.

I have substantial experience designing shake table tests and interpreting and utilizing
shake table data to calibrate and refine finite element models for equipment and structural
designs. I have been involved in incorporating shake table data into probabilistic risk
assessments and fragility evaluations.

When I was employed by Pacific Gas and Electric, I was a team member of the
Diablo Canyon and Humbolt Bay Power Plants' Dry Cask Projects. I am familiar with
Holtec International Inc.'s HI-STAR 100 and HI-STORM 100 design features and
limitations. Further, I managed the equipment and structural seismic design and dynamic
testing of many other projects when I was employed at Pacific Gas and Electric Company
and Bechtel.

While employed at Clarkson College of Technology as an Assistant Professor, I

3



taught several graduate level courses, as well as developed special finite element computer
programs, structural optimization programs, and kinematic analysis programs.

III. PFS Seismic Analysis of HI-STORM 100 Unconservative and Inconclusive.

Q. 8: Are you familiar with the HI-STORM 100 cask system proposed for
use at the PFS facility?

A. 8: (MRK, FO) Yes, we have reviewed relevant documents describing the
specification and performance of the HI-STORM 100 cask system.

(MLRK) I also am familiar with the Hi-STORM 100 cask system as a result of other
work experience.

Q. 9: Dr. Khan, please describe how Holtec modeled the behavior of the
cask.

A. 9: KIRK)

In an abundan ti of cauon, be State iffWingA .9 to ny testinny as a
pn tary filing in dx ezms that Hodtec dainss any ijnfmtion the ein
as pprietary

Q. 10: What mathematical code did Holtec use to perform its cask stability
analysis?

A. 10: (MRK) In its cask stability analysis of the 2,000-year DBE at PFS, Holtec
models the cask using beam finite elements with an in-house non-linear analysis program
called Dynamo. Singh/Soler 2002 Tr. at 24-28 (State's Exh. 120); Singh/Soler 2001 Tr.' at
100. Holtec modified a published "general lump mass analysis" code to create an earlier
version of Dynamo to analyze wet storage or spent nuclear fuel racks. Singh/Soler 2002 Tr.
at 24-25. Holtec then modified the wet storage code for use in dry cask storage analysis. Id.

Q. 11: Please describe any limitations, if any, in using Dynamo to perform a
cask stability analysis?

A. 11: (MRK) Dr. Soler stated in his deposition, Dynamo "does not alter the
equilibrium equation step by step," but it "assumes to always satisfy equilibrium based on
the original configuration." Id. at 43, State's Exh. 120. According to Dr. Soler, Dynamo is a

Excerpts from deposition transcript of Dr. Krishna P. Singh and Dr. Alan I. Soler
(November 5-6, 2001) included as State's Exhibit 121.
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"small deformation code" that is not currently capable of processing "large" cask rotations
as a result of ground motion. Id. at 27.

Although Holtec expects Dynamo cannot handle rotations greater than 15 degrees,
Holtec has not quantified the maximum peak ground accelerations or degree of rotations in
which the results generated from Dynamo are valid. See Id. at 29-30. Other than at the PFS
site, Holtec has not used Dynamo to perform a seismic analysis on unanchored casks with
ground motion equal or greater than the PFS 2,000-year DBE. Holtec has only used
Dynamo for three other unanchored, dry cask seismic analyses where the zero period
acceleration was above 0.4 g but less than the PFS 2,000-year DBE. Id. at 19, 20, 29.

Holtec used Dynamo in a generic license with "seismic loads well in excess of" 0.5
or 0.6 g. Singh/Soler 2002 at 20. Additionally, Holtec used Dynamo to analyze the HI-
STORM 100 cask response at Northwest Energy with zero period accelerations of about 0.5
g (id. at 18, 29) and Tennessee Valley with zero period accelerations about 0.5 to 0.6 g (id. at
29; Singh/Soler 2001 at 38 (State's Exh. 121). Furthermore, Dynamo's results for ground
motions greater than 0.4 g have not been benchmarked against any full or bench scale data.
Singh/Soler 2001 Tr. at 93-95, State's Exh. 121.

Q. 12: To your knowledge, has Holtec used a code other than Dynamo to
analyze cask stability?

A. 12: (MRK) Yes, it has. Because Holtec expected Dynamo to produce
"erroneous results" due to its inability to analyze "large" rotations of the cask, Holtec used
VisualNastran for the dynamic analysis of casks under a 10,000-year earthquake at PFS. Id.,
Singh/Soler 2002 Tr. at 27-28. Although the potential cask rotations will be restricted
because the casks will be anchored at Diablo Canyon (Singh/Soler 2001, Tr. at 35-36),
Holtec relied on VisualNastran, not its in house code Dynamo, to conduct a seismic analysis
for Diablo Canyon (Singh/Soler 2002 at 16-17, 28-29, State's Exh. 120).

Q. 13: What are the zero period accelerations at Diablo Canyon?

A. 13: (MRK) The zero period accelerations at Diablo Canyon are between 0.9
and 1 g. See Singh/Soler 2001 Tr. at 36, State's Exh. 121.

Q. 14: Generally describe your conclusions of Holtec's seismic analysis of
the HI-STORM 100 cask system?

A. 14: (FO, MRK) The design and operational concept to allow unanchored spent
nuclear fuel ("SNF") casks and storage pads to slide and rotate in a high seismically active
area such as the PFS site is unprecedented and unconventional. In our joint opinion, it is
not sound engineering practice to combine this highly unconventional practice of allowing
SNF casks to slide without a sound technical justification and by using only analytical means
to justify the design basis. Furthermore, the design has no redundancy, which means that
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every component must perform its required function or the failure of a single component
could cause the entire system to fail. If unanchored SNF casks are stored in high seismic
areas, then it is critical that PFS conservatively account for the cumulative effects of
potential ground motion in its design. However, PFS has not conducted a thorough analysis
and testing to prove it has a conservative seismic design. Holtec's seismic analysis of the HI-
STORM 100 cask system fails to thoroughly address potential conditions that may amplify
the seismic response of the cask and storage pads. Additionally, Holtec's analysis uses input
parameters which may significantly underestimate cask behavior.

(FO) In my Dynamic Analysis testimony, I provide a detailed discussion of how
PFS failed to consider in its dynamic analysis and design the influence of the frequency
dependency of spring and damping values, and pad-to-pad interaction, non-vertically
propagating waves, multiple phasing of time histories, and cold bonding. See Bartlett and
Ostadan Dynamic Analysis Testimony. Although PFS has failed to perform a qualitative
analysis, PFS and the NRC Staff discount the individual effects of these dynamic analysis
omissions and unconservative assumptions. As a result, Dr. Khan ran a number of cases to
evaluate the performance of a simple model of the HI-STORM 100 cask at the PFS site to
check portions of the PFS cask stability analysis.

Q. 15: Dr. Khan, what did the State of Utah ask you to do with respect to the
PFS proposal?

A. 15: (MRK) I was hired to evaluate the Holtec's seismic cask stability (report
numbers: H1-971631, H1-2012653, H1-2012640) results by independently modeling portions
of the sliding and tipover phenomenon of the HI-STORM 100 cask under seismic motion
for a 2,000 year earthquake at the PFS site. S&eA nzytiad Study fHI-STORM 100 Cask Sastem
UnderHi# Seismic CtDit Technical Report No. 01 141-TR-000, Revision 0 (Dec. 11, 2001)
("Altran Report"), State's Exhibit 122.

Q. 16: What general conclusions did you reach from your analysis?

A. 16: (MRK) As a result of my analysis, I determined that cask movement
predicted by mathematical models are highly sensitive to the assumed contact stiffness
between the cask and the pad. Barring anytest data to validate the mathematical model
results, Holtec's cask stability analysis results are questionable. Further, contrary to Holtec's
conclusions, my analysis indicates that the HI-STORM 100 cask system may significantly
uplift and slide. Further, because of the large displacements and high velocities observed for
a few cases, the HI-STORM 100 maytipover under 2,000-year DBE ground motions at the
PFS site.

Q. 17: Dr. Ostadan, what did you conclude from Dr. Khan's analysis?

A. 17: (FO) Because Dr. Khan determined that Holtec's cask stability analysis does
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not provide unique results and the HI-STORM 100 may excessively slide and uplift, the
cumulative effect of these unconservative omissions and assumptions discussed in the
Dynamic Analysis Testimony cannot even be qualitatively estimated. Due to the small
design margins and lack of redundancy, it is critical that PFS thoroughly and quantitatively
address all potential conditions.

A. Independent Seismic Analysis of Cask Behavior Shows Cask May Tip Over.

Q. 18: Dr. Khan, was the objective of your analysis to perform a thorough
seismic analysis that could be used for design purposes?

A. 18: (MRK) No. My understanding is that the State is not responsible for the
design of the PFS facility. However, in the absence of any verifying test data or analysis at
the time, I was asked to model the cask seismic reaction in a manner that would allow
portions of Holtec's results to be checked for reasonableness.

Q. 19: Are you familiarwith NRC quality assurance requirements for nuclear
projects?

A. 19: (MRK) Yes.

Q. 20: Although your seismic analysis was not for design purposes, did you
comply with NRC quality assurance requirements?

A. 20: (MRK) Yes, I conducted my analysis under Altran's quality assurance
program for nuclear projects, which was developed in accordance with the requirements of
10 CFR Part 50, Appendix B, and was approved by NRC.

Q. 21: Dr. Khan, please describe how you conducted your seismic analysis of
the HI-STORM 100?

A. 21: (MRK) To mathematically simulate the cask behavior, I modeled the HI-
STORM 100 cask as beam elements. The cask base is connected to the ISFSI pad using
non-linear elements. The mathematical model predicts the movement of the cask under
inertial forces that exceed the frictional force or fuW, where Pt is the coefficient of friction
and W is the mass of the cask. My modeling was based on the same cask design parameters
used by Holtec in its analysis. I used the SAP2000 structural analysis code to perform a non-
linear time history analysis of the cask response. I designed the model to calculate the total
relative displacement of the cask.

I conducted case studies using three mathematical cask models with varying degrees
of complexity. To evaluate results obtained by Holtec, I varied some of its input parameters,
such as contact stiffness, coefficient of friction, and damping.
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The purpose of the first case was to obtain horizontal sliding displacements for the
HI-STORM 100 cask without anyvertical excitation in order to benchmark my results
against another accepted industry standard structural analysis code, ANSYS, by comparing
the maximum sliding displacement values and the nodal displacement time history traces.

The second case study included the effect of vertical excitation without any rocking
effects due to cask height. In this second case, to evaluate the sensitivity of the dynamic
analysis to various input parameters, I conducted eleven runs where I varied the contact
stiffness and coefficient of friction.

In the third case study, I modeled a three-dimensional cask with vertical and
horizontal rigid beam finite elements. The mass density of the vertical beam elements is
adjusted to obtain approximately the weight of a fully loaded HI-STORM100 cask In the
third case, I conducted nine runs where I varied the contact stiffness, coefficient of friction,
and damping.

A complete description of my analysis and my results are found in my report,
A lnalm4 Study jfHI-STORM 100 Cask S~stem Under Hig Seismac Condtn Technical Report
No. 01141-TR-000, Revision 0 (Dec. 11, 2001), included as State's Exhibit 122.

Q. 22: Dr. Khan, please describe SAP2000, your experience using the codes,
and the applications for the codes.

A. 22: (MIRK) SAP2000 is lump mass mathematical code commonly used to
perform seismic analysis in structural design. SAP2000 uses nonlinear spring elements that
can accommodate large deformation or large rotational movements of the structure to
predict cask displacement. For this evaluation, I chose SAP2000 because 1) it is a widely
available code that others could check my results; 2) it has been benchmarked with known
analytical solutions to provide adequate results for dynamic analyses, and 3) I have used it to
obtain reliable seismic analysis results in the past.

Q. 23: Did you attempt to verify your results?

A. 23: (MIRK) I did not have any actual test data (egl, shake table test data) to
compare with my results. However, I compared my SAP2000 results with another general
purpose structural analysis code, ANSYS, for a two dimensional model. Like SAP2000,
ANSYS has been benchmarked with known analytical solutions to provide adequate results
for dynamic analyses. ANSYS is an accepted and widely used structural analysis code in the
engineering arena. It is a general purpose analysis code for solving a variety of engineering
problems. ANSYS can perform fluid, thermal, electromagnetic, impact and seismic
engineering design calculations.
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The results for SAP2000 and ANSYS were identical, which validates the SAP2000
results. See Comparison of SAP2000 and ANSYS results in Table 1, State's Exh. 122.

Q. 24: Please describe the results of your analysis.

A. 24: (MRK) Excluding any rocking effects due to cask height, Case 2 estimated
the accumulative displacements of the FE-STORM 100 cask for the PFS 2,000- year DBE
over the 30 second duration of the time history. Case 2 results show that the horizontal
displacement varies with the coefficient of friction See Table 2, State's Exh. 122. It is
expected that the sliding or horizontal displacement will increase with lower coefficient of
fnctions.

Case 2 also shows that the relative cask displacement significantly varies with the
contact stiffness. This variation shows that the HI-STORM 100 cask dynamic analysis is
highly sensitive to the local contact stiffness values used as input in the mathematical model.
Local contact stiffness is needed in a mathematical simulation before any sliding occurs.
However, after sliding occurs, the horizontal displacement is a function of the inertial forces
overcoming the coefficient of friction times the mass (fi). The sliding or horizontal
displacement of a cask under seismic ground motion should not be very sensitive to the local
contact stiffness values. Because the displacement is dependent upon the contact stiffness
value used, the dynamic analysis does not give a unique solution and thus is not completely
meaningful without any comparison with test data especially under a high seismic
environment.

High contact stiffness values also absorb significant amounts of energy before sliding
actually occurs. The high stiffness values could tend to reduce instantaneous velocities for
the next successive iteration in non-linear time history analysis. The use of a high contact
stiffness could underestimate the vertical displacement.

Case 3 estimated the cumulative displacements of the H-STORM 100 cask for a
2,000-year DBE at the PFS site over the 30 second duration of the time history. The results
for the 3 dimensional analysis, Case 3, show that displacement varies significantly with the
damping value. In reality, the damping should be small or insignificant for a rigid cask, and
only friction should be the primary energy dissipation mechanism. Once the cask starts
lifting off the pad for a longer duration during an earthquake, the simultaneous application
of horizontal acceleration motion tends to move the cask more in the horizontal direction
because the effect of friction is non-existent during the cask uplift. These results are shown
in Table 3, State's Exh. 122.

Q. 25: Did you also analyze the potential for cask overturning or tipover?
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A. 25: (vIRK) Yes. Because I did not design my model to show cask tipover, I
conducted a separate analysis, in section 5 of the report, to evaluate cask tipover. See State's
Exh. 122 at 15-16.

In my analysis, I calculated the minimum vertical uplift and the horizontal velocity
required to tip over the Hl-STORM 100 cask under seismic ground motions. The Hl-
STORM 100 cask will over turn if the instantaneous velocity is greater than 77.82 inches per
second. In my opinion, there is potential for the HI-STORM 100 to tip over if subject to
the 2,000 year design basis earthquake at the PFS site.

B. Validity of PFS's Seismic Analysis Results Are Questionable.

Q. 26: Dr. Khan, what do the results of your analysis reveal with respect to
the Holtec seismic analyses?

A. 26: (NIRK) Because Holtec has not determined the limits of its mathematical
code Dynamo to handle cask rotation in a seismic analysis, it is unknown whether Dynamo
generated accurate results in the Multi Cask Reponse at the PFS ISFSIhfrm 2000-Yr Seisnic
Ewnd. See A. 9- 11 above. Based on previous results from Holtec's other seismic analyses,
Holtec assumed that its analysis for the 2,000- year DBE would not show large rotations and
that Dynamo would generate valid results. Singh/Soler 2002 Tr. at 27, State's Exh. 120.
However, the zero period accelerations for the previous seismic analysis conducted with
Holtec's code Dynamo were all less than the 2,000-year DBE at the PFS site. The projected
cask rotation and displacements at other facilities with lower zero period accelerations than
the PFS 2,000- year DBE do not ensure that Dynamo will generate accurate results in the
PFS analysis.

Furthermore, Holtec has only conducted two other sets of seismic analyses for dry
storage casks where the ground motion exceeds the ground motion for the PFS 2,000-year
DBE. These two analyses were for the 10,000-year earthquake at PFS and for Diablo
Canyon. To analyze the cask response for a 10,000-year earthquake at PFS, Holtec expected
Dynamo to generate "erroneous" results because the ground motions would cause cask
rotations greater than 15 degrees. Singh/Soler 2002 Tr. at 27-30, State's Exh. 120. In that
case, Holtec used VisualNastran to analyze the cask response. Id. at 27. Similarly, Holtec
used VisualNastran for its dry storage cask seismic analysis at Diablo Canyon. Id. at 29.
Although the seismic analysis presumably modeled anchored dry storage casks at Diablo
Canyon which would severely restrict any cask rotation, Holtec still relied upon
VisualNastran instead of Dynamo.

Holtec cannot document how to determine from Dynamo's results whether the
analyzed casks experienced rotations that Dynamo is not capable of processing and whether,
notwithstanding the parameter inputs, Dynamo's results are in fact accurately processed.
Holtec states "if you attempt to take a code that is written for small deflections and blindly
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just apply it and get a result that would indicate large deflections, either your program will
blowup on you or it will just give you ridiculously large results that have no physical
meaning, or it will simply give you wrong results that you may think there's a physical
meaning to it." Id. 43 (enhasls adc*), State's Exh. 120. Although, anchored casks will
experience limited rotation at Diablo Canyon, Holtec did not conduct its analysis at Diablo
Canyon with Dynamo because it was concerned with the accuracy of Dynamo. Hohec
cannot define the rotational limits of Dynamo. Holtec has not validated its Dynamo results
for the 2,000-year DBE at the PFS site with another structural analysis code such as
VisualNastran or ANSYS. In my opinion, Holtec cannot document whether the 2,000-year
analysis are in fact "wrong results" that they "think" have "physical meaning."

Q. 27: Do the results of Holtec's analyses give a unique solution?

A. 27: (MRK) No. Notwithstanding whether Dynamo could handle the rotations
posed by the 2,000-year DBE at the PFS site, the results of the dynamic analysis are not
unique and very dependent upon the contact stiffnesses and damping used. See A. 24 above.
With respect to a storage cask, the contact stiffness is the amount that the cask/pad interface
will deflect with the application of a unit load at any given time. Contact stiffness is a
function of the boundary conditions and the structural property. The deflection behavior of
a pad under a concentrated load or small contact surface area during a dynamic situation
could vary significantly. This behavior is shown when the cask starts to rock or pivot.

Q. 28: Please explain Holtec's use of contact stiffness.

A. 28: (RK) In its analysis, Holtec used a high local contact vertical stiffness of
approximately 450 x 106 lbs/in. See Singh/Soler Tr. 2002 at 81, State's Exh. 120. High
contact stiffness values are generally used to start the mathematical simulation. However,
Holtec's contact stiffness of 450 x 106 lbs/inch is too high for an unanchored cask subject
to high peak ground acceleration because the contact stiffness makes the vertical frequency
of the cask too rigid, thus artificially reducing the vertical displacement. Once sliding begins,
the high stiffness values artificially treat the solution as linear without amplifying it in the
upward direction and give non-unique or invalid results.

High contact stiffness values also absorb significant amounts of energy before sliding
actually occurs. Holtec's use of an initial high local contact vertical stiffness significantly
minimizes vertical excitation. It is my opinion that the high values of vertical contact
stiffness used by Holtec also artificially and significantly reduce the estimated horizontal
sliding displacements.

Q. 29: Is Holtec's model sensitive to contact stiffness values?

A. 29: (MRK) Yes. The sensitivity of a non-linear finite element model, such as
Holtec's, to the local vertical stiffness values demonstrates that Holtec's model does not
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produce a unique or conservative solution in this case. Holtec's contact stiffness of 450 x

106 pounds per inch may be adequate in areas with low seismic activity because the relatively
small ground motion will not move the cask and the cask will behave as if anchored.

However, the cask are unanchored at the PFS site.

In my opinion, the cask stability results from Holtec's non-linear model stated in HI-

2012653 and H-951312 are not conservative and would lead to an unconservative pad

design.

Q. 30: Did Holtec use damping coefficients, and if so, how?

A. 30: (RK) Holtec assumed BETA damping coefficients corresponding to 5%

damping. Singh/SolerTr. 2001 at 100, State's Exh. 121. My results of Case 3 show that 5

% damping values significantly reduce the estimated cask response,2 whereas in reality the

BETA damping would be small or insignificant for a rigid cask, and only friction should be

the primary energy dissipation mechanism. Holtec's use of high BETA damping coefficients
also underestimates potential sliding and rocking displacements that may lead to cask
collision or tipover during a seismic event.

Q. 31: What would be a reasonable initial contact stiffness to use in the
dynamic analysis of the HI-STORM 100 cask?

A. 31: (MIRK) The contact stiffness changes with time as the contact between the

cask and the pad change with time. A contact stiffness that correlates to frequency
(f = 1/2 On (K/M) 5 , where f = frequency, K = contact stiffness, M = mass) that falls within

the amplified range of the response spectral curve is necessary for the cask to experience any

potential movement. This ensures that one has considered all the frequency ranges within

the response spectra. If the contact stiffness used is not in the amplified region and is

selected so high that the structural code treats the problem as linear, then the code treats the

cask as if anchored to the pad. If the contact stiffness is high, it makes the vertical frequency

of the cask too rigid to respond to earthquake ground motion. As a result, a contact
stiffness that is too high significantly underestimates the response of the cask.

Contrary to PFS's witnesses' opinion, a simple deflection calculation cannot be used

to determine the appropriate contact stiffness to use in the dynamic analysis where the cask

can potentiallyrock and uplift. The structural displacement obtained by solving a set of

equations of motion could give displacements significantly different than those calculated
due to resonance effects. Additionally, this simple deflection formula considers the force or

weight of the cask to be acting over the cask base surface area. The deflection behavior of a

2 See Table 3, State's Exh. 122.
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pad under a concentrated or small contact surface area during a dynamic situation could vary
significantly.

Q. 32: Is it possible to choose a contact stiffness for a non-linear dynamic
analysis, such as the cask stability analysis?

A. 32: (MRK) It is essentially impossible to pick the contact stiffness for a non-
linear dynamic analysis; therefore, a range of possible contact stiffnesses should be evaluated.
The results should be validated with test results.

It is my opinion that a more appropriate contact stiffness value for unanchored casks
could be in the range of 1 x 106 lbs/inch to 10 x 106 pounds per inch. This range of stiffness
values would correspond to cask frequencies that fall in the amplified spectral range of the
input spectra.

Q. 33: In your opinion, would the HI-STORM 100 cask tip over under a
2,000 year design basis earthquake?

A. 33: (MRK) In order to determine the total relative displacement and velocities
posed on the cask, I did not design the model to show cask tip over. However, my analysis
shows a wide range of relative displacement up to 372.76 inches in the x direction, 229.65 in
the y direction, and 27.24 inches in the vertical direction. See Table 3 at 13, State's Exh. 122.
My analytical study showed that the cask could move excessively and can have velocity
greater than what it would take to tip over. With these numerical simulation results, it is
possible that a cask could potentiallytip over under the 2,000-year DBE at the PFS site.

Q. 34: How would you validate the results of a seismic analysis?

A. 34: (MRK) In my opinion, the only way to validate a seismic analysis in this
case is for Holtec to benchmark its sliding displacements calculated by Holtec's non-linear
mathematical model with actual shake table test data. This is common practice in the
seismic performance field. I have performed shake table tests to benchmark mathematical
models. In fact, NRC requires shake table tests in IEEE Std 344-1987 (Institute of
Electrical and Electronics Engineers, Inc. Raevnvided Practkefor Seismic Qalzation of Class
lE EquinntforNudearPouer GeneratingStatimns) for many components and equipment, eg.,
electrical pumps. Shake table testing is required to demonstrate the structural integrity and
functionality of equipment. It is also used for initial correlation with mathematical models to
predict accurate dynamic responses.

Q. 35: What does IEEE Std 344-1987 require?

A. 35: (MRK) NRC Reg. Guide 1.100, Rev. 2, Seismic lc Qbaation ofElecic and
MedabaniEqurentforNudearPazerPlants endorses use of the IEEE standard 344-1987
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(Revision of ANSI/IEEE Std 344-75) for equipment qualification. The introductory note
of Section 6, Analysis, of IEEE-344-87 states that "[t]he analysis method is not
recommended for complex equipment that cannot be modeled to adequately predict its
response. Analysis without testing may be acceptable only if structural integrity alone can
ensure the design-intended function." Section 5.3.1 states that "[i]n analysis, a mathematical
model is made of the equipment so as to predict the response to the seismic motion. The
damping used in this model should correspond to the actual energy dissipation in the
equipment to enable the response to be accurately predicted. An alternate approach is to use
a conservative value of linear damping to obtain a conservative estimate of response. In any
case, there is a need to know the ranges of damping for the specific equipment and the
nature of nonlinearities and their effect on the response. Appropriate values of damping
may be obtained from tests or other justifiable sources."

Q. 36: Have the HI-STORM 100 cask stability results for PFS been
benchmarked with another computer code?

A. 36: (MRK) No. The results of a cask stability analysis using Holtec's
mathematical model have not been compared to other computer codes. Singh/Soler Tr.
2001, State's Exh. 121 at 93-94. PFS's witness stated that Holtec's mathematical model was
compared with other programs to support wet storage applications. Id.

Q. 37: Dr. Ostadan, what are the limitations of Dr. Khan's cask stability
analysis?

A. 37: (FO) As Dr. Khan explained in Answers 15 and 18 above, the intent of his
analysis was not to conduct a thorough seismic analysis that could be used for design. The
intent of his analysis was to check the validity of Holtec's results. Dr. Khan acknowledges
that the accuracy of his results are subject to confirmatory test data. However, Dr. Khan's
analysis is sufficient to question the accuracy of Holtec's results, which meets his intended
goal to confirm or dispute Holtec's analysis.

As Dr. Khan acknowledges, he did not consider factors that may in fact increase the
ground motion and subsequent movement of the casks. For example, Dr. Khan used the
same input time histories as Holtec; thus, he did not consider the effects of phasing by using
multiple sets of time histories as is the standard engineering practice. See State's Exh. 122 at
19.

Q. 38: Dr. Ostadan, do Dr. Khan's conclusions aid you in your evaluation of
PFS's dynamic analysis?

A. 38: (FO) Yes. The complex nature of Holtec's seismic analysis of the casks with
the limited information offered in the Holtec report supports my opinion described in my
Dynamic Analysis testimony, that PFS has not evaluated the cumulative effect of the
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applicable range of input parameters in evaluating the stability of the casks. Without a
thorough analysis and testing that adequately challenge the unique and unproven features in
the PFS design, the stability of the free standing casks on the pad is not proven.

Q. 39: Does this conclude your testimony?

A. 39: (MRK, FO) Yes.
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Singh/Soler deposition, 3/6/02 13
cohesiveness, and also checking that the input data was
correct, that the model followed accepted engineering
principles and that the results made sense,

Q. And Dr. Soler, what was your role with
respect to this document? I'm sorry, Dr, Singh.

A. (DR. SINGE) My role is the same in every
work that's done in the company in the areas where I
have direct expertise. I review the work, and the
engineers who do the work, they can consult with me on
different aspects of the solution. And I'm generally
familiar with the work done because of the interaction,
but I don't do the work myself. And I very seldom
serve as a direct reviewer of the document.

Q. And the third document, Dr. Soler, do you
have in front of you a Holtec document entitled
"Dynamic Response of Freestanding HI-STORM 100 Excited
by 10,000-Year Return Earthquake at PFS"?

A. (DR. SOLER) Yes.
Q. And are you the principal author for this

document?
A. (DR. SOLER) Yes, I am.
Q. And Dr. Singh, what was your involvement

with this document?
A. (DR. SINGE) My involvement, Ms. Nakahara --

do you like to be called Ms. or Mrs.? How do you like
CitiCourt, LLC
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A. (DR. SOLER) I believe my role was as a

reviewer of the document, and of course I had some
discussions early on as to the procedure that we would
follow.

Q. And Dr. Singh, was your role eith roe '

the drop tipover analysis the same as 7,.,jur rn'e i.*

other PFS Holtec documents?
A. (DR. SINGE) That is correct.
Q. Dr. Singh, you stated that you very Selii

do the direct analysis any more. Have vou ever be;.-
the principal analyst for a HI-STORM cask to analyze
the response of a HI-STORM cask to a seismic everi

A. (DR. SINGE) No. I have not been the
principal analyst for seismic analysis of Holtec's cask
systems. In recent years I have not done direct
analysis myself.

Q. When was, approximately, the last time you
have performed direct seismic analysis or been the
principal analyst?

A. (DR. SINGE) Probably about ten years ago.
Q. And Dr. Soler, do you recall in your

deposition in November I asked you questions about
other cask stability analyses performed by Holtec for
other sites?

A. (DR. SOLER) Yes.
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to be addressed?

MS. NAKAHARA: It doesn't matter -- Ms,
A. (DR. SINGE) My involvement in all these

documents has been uniform in respect of providing
consulting assistance, discussing the theoretical and
methodological aspects of the solution, and providing
general guidance to the others.

Q. And I forgot to make a copy of a fourth
document entitled "Evaluation of the Confinement
Integrity of a Loaded Holtec MPC under a Postulated
Drop Event."

A. (DR. SINGH) Oh, you do have it.
A. (DR. SOLER) You already mentioned that or

asked that.
A. (DR. SINGE) I don't think so.
Q. And that document -- okay. What about the

"PFSF Site Specific HI-STORM Drop Tipover Analysis"?
don't have that document, correct?

A. (DR. SINGE) Correct, you don't.
A. (DR. SOLER) Yes.
Q. Are you familiar -- Dr. Soler, are you

familiar with that document?
A. (DR. SOLER) I'm familiar with that

document, yes.
Q. Did you have any role with that document?
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Q. I have a few more questions in that area.

Is it correct that Holtec evaluated the cask stability
at Diablo Canyon?

A. (DR. SOLER) We have evaluated our -- of
course still in the process, it's an ongoing project.
Currently under review by the NRC.

Q. Have you performed multiple analyses for
Diablo Canyon -- what I'm trying to ask is, you have a
current analysis. Did you have -- did you perform an
analysis previously in --

A. (DR. SOLER) Well, if your question deals
with casks on a pad, there has really been one analysis
which has been independently reviewed and modified over
the time period of this project.

Q. Okay. And that was for the HI-STORM 100,
and now it's the HI-STORM 100F; is that correct?

A. (DR. SOLER) That is correct.
Q. And did you use the same mathematical --

strike that. Is it correct for the PFS cask analysis
you used a lump mass mathematical model developed by
Holtec?

A. (DR. SOLER) Correct.
Q. And did you in your analysis -- strike that.

Were you principally involved in the Diablo Canyon cask
stability analysis?
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A, (DR. SOLER) Yes.

Q. Did you use the same lump mass mathematical
model used for the PFS site in the Diablo Canyon
analysis?

A. (DR. SOLER) No. Let me qualify that to

some extent. The report on the 10,000-year return

earthquake at PFS uses the same computer code that

we've used for Diablo Canyon.

Q. Is it correct that Holtec conducted a cask
stability analysis for Entergy Northwest?

A. (DR. SOLER) Energy.

Q. Oh, Energy. Sorry.
A. (DR. SOLER) Yes.

Q. Were you involved in the principal analysis?
A. (DR. SOLER) I believe that I acted as a

reviewer for that analysis.

Q. And did that analysis use the same lump mass
mathematical model used in the PFS 2,000-year return?

A. (DR. SOLER) The same mathematical model was

used. There were obviously a different number of casks

involved. Dimensions of the pad were different.

Q. When did you perform this analysis, or when
was this analysis performed?

A. (DR. SOLER) I can only hazard a guess here,

that roughly a year ago, maybe year and a half.
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that. Were you principally involved in the analysis,
cask stability analysis?

A. (DR. SOLER) I was involved as a reviewer
and giving some guidance as to the methodology.

Q. And approximately when was this analysis
conducted?

A. (DR. SOLER) This analysis is still ongoing.
Q. And do you recall what the zero period

acceleration for Tennessee Valley is?
A. (DR. SOLER) I don't recall exactly.
Q. And Dr. Singh, your involvement with -- is

it accurate to characterize your involvement with the
Diablo Canyon, the Energy Northwest, the Tennessee
Valley cask stability analysis the same as your
involvement with PFS as a reviewer and consultant
available for technical consulting with your staff?

A. (DR. SINGE) That is correct.
Q. Dr. Soler, have you conducted other cask

stability analysis for the HI-STORM 100 at other
locations than we've discussed that have a peak ground
acceleration of above 0.4 g's?

A. (DR. SOLER) Performed some scoping analysis
for Humboldt Bay, but that does not involve HI-STORM.
Let me correct that. Early in the game before there
was a choice by the utility, we did subject the
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Q. Do you recall what the zero period

acceleration for Energy Northwest was?
A. (DR. SOLER) Again, I'm making a guess here

without a report in front of me, but I suspect on the
pad it was on the order of a half a g horizontal.

Q. Do you recall what the maximum horizontal
displacement was at Energy Northwest?

A. (DR. SOLER) No, I don't, but it was on the
same order as PFS, meaning that it wasn't ten inches or
quarter of an inch.

Q. And do you recall what the maximum vertical
uplift, if any, was?

A. (DR. SOLER) I can't recall that, no.

2
3
4
5
6
7
8

Qp
portion

And is it correct that Holtec provides a
of the cask system, will provide a portion of

the cask system at Trojan?
A. (DR. SOLER) That is correct.
Q. Did you do -- did Holtec do a cask stabilit,

analysis for the Trojan facility?
A. (DR. SOLER) I do not believe so.

Q. And other than -- is it correct that Holtec
performed a cask stability analysis for the Tennessee
Valley facility?

A. (DR. SOLER) That's correct.

Q. And when did you conduct this -- strike
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HI-STORM to the same kind of scoping analysis.

A. (DR. SINGE) Can I supplement that answer?
Q. Yes.
A. (DR. SINGE) We had made generic submittals

to the NRC back in 1994-95 time frame where we
submitted a complete treatment of seismic loads,
generic seismic loads, and that would be defined
seismic loads well in excess of .5 g's, actually in
excess of .6 g's.

Q. And is that with the Safety Analysis Report?
A. (DR. SINGE) Yes.
Q. Was that part of the Safety Analysis Report?
A. (DR. SINGE) Yes.
Q. Topical Safety Analysis Report?
A. (DR. SINGE) That would be a correct

characterization also.
Q. The scoping for Humboldt Bay was originally

for the HI-STORM and then for what cask system?
A. (DR. SOLER) It's for the HI-STAR.
Q. And was the seismic analysis for a

freestanding cask system or an anchored cask system?
A. (DR. SOLER) Humboldt Bay, it was for a

freestanding cask system. Some of the generic work
that we did used a bounding earthquake that in effect
bounded both Humboldt Bay and Diablo Canyon. So we

CitiCourt, LLC
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can't necessarily characterize it as one or the other.

Q. And the bounding, when you --
A. (DR. SOLER) An earthquake larger than would

be expected at either of the sites.

Q. But the bounding work, was that in the

Diablo Canyon or Humboldt Bay cask stability analysis

or in the topical Safety Analysis Report?
A. (DR. SOLER) We did bounding work

specifically for the utility, and some of the work

found its way into the submittal to the NRC.

Q. Submittal -- I'm sorry. The submittal to

the NRC for Diablo Canyon or for the TSAR, or both?

A. (DR. SINGE) Both.

A. (DR. SOLER) Yeah, although the submittal to

the -- official submittal to the NRC on Diablo Canyon

deals only with anchored casks.
Q. (BY MS. NAKAHARA) Dr. Singh, are you

familiar with the document that's been marked as L/QQ

Exhibit 1 entitled "Joint Submittal of Unified

Geotechnical Contention, Utah L and Utah QQ"?

A. (DR. SINGE) Yes, I am.
Q. Dr. Singh, is it correct that you've been

named as a witness by PFS with respect to this

contention, consolidated contention?
A. (DR. SINGE) Yes, I believe I have.
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dynamic system. That's as brief as I can get.

Modify me if --
DR. SOLER: I think that's fine.

Q. And Dr. Soler, you --
A. (DR. SOLER) I would say -- I would answer

in the same manner.
Q. Dr. Soler, if you can, can you describe how

your testimony will differ or supplement Dr. Singh's

with respect to these areas?
A. (DR. SOLER) I would suspect that my

testimony might be more direct to specific points of

the report, because I was actively involved in the

guidance and review of most of them in addition to

being a consultant. So I would have more direct

knowledge of the details,
Q. And Dr. Singh, do you agree or do you want

to supplement how you believe your testimony will

coordinate or supplement Dr. Soler's testimony?
A. (DR. SINGE) I think Dr. Soler described it

quite succinctly.
Q. Dr. Soler, what expertise do you bring to

this testimony that Dr. Singh does not have?
A. (DR. SOLER) For this specific project?

Q. Yes.
A. (DR. SOLER) I have a direct knowledge of
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Q. Will you please review the contention -- and

as a preface to Dr. Soler, I'll be asking you the same

thing -- and identify which specific areas you expect

to testify about.
MR. GAUKLER: Limit the response to Section

C and D for the scope of this deposition. Look at

Section C and D and answer counsel's question.

A. (DR. SINGE) I've marked the ones that I

believe I will testify or provide information either

completely or in part.
Q. Will you identify those sections and briefly

describe what portions, if -- strike that. Will you

identify the sections, and you mentioned that you may

testify in part, describe what parts of those sections

you plan to testify with respect to.

A. (DR. SINGE) Okay, you've set me up for a

speech here. All right, I'll try to be brief.

Under "Characterization of Subsurface

Soils," broad category upper case C, I will

specifically address item 3.e without limitation.

Under category D, upper case D, "Seismic

Design and Foundation Stability," I will specifically

address 1.b, c, e, f, g, h, and i, with the limitation

that under h.(ii) my opinion with respect to fault

fling would be only from the perspective of a cask

CitiCourt, LLC
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some of the applications of the computer codes

involved, hands-on experience, if you will.

Q. And Dr. Singh, do you have any expertise

with respect to your planned testimony that Dr. Soler

does not possess?
A. (DR. SINGE) Well, he's quite

self-sufficient. He can deal with the issue entirely
on his own. But I have the advantage of having some

intellectual remove from the problem, and therefore I

can provide perhaps perspectives that one would have

from not being in the trenches and doing the analysis

day in, day out.
Q. The next area I'd like to ask you about is

the lump mass mathematical model. Dr, Soler, who

developed the lump mass mathematical model code that

you used for the PES site?
A. (DR. SOLER) It was modified from an

existing code in a textbook that was published in 1976,

and I adapted it for use in both wet storage and dry

storage.
Q. And I'm sorry; you did this in 1966 or the

original --
A. (DR. SOLER) The book -- the original code,

which was a general lumped mass analysis code, was

published in a book that was published in 1976 that
CitiCourt, LLC
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Singh/Soler deposition, 3/6/02 25
had -- it was a general dynamic analysis textbook. I
took that code over the years and adapted it first for
use in wet storage seismic analysis, and later on used
it for dry storage seismic analysis.

Q. And when did you adapt it for --
approximately when did you adapt it for wet storage?

A. (DR. SOLER) I believe, but this is not --
let me see if my resume will give me a clue, but I
believe we're talking about 1979, '80, '81 time frame.

Q. And when did you adapt it for dry storage?
A. (DR. SOLER) Probably in early 1992.
Q. In general, what type of adaptions did you

need to make so the code would work for dry storage?
A. (DR. SOLER) Dry storage, actually we made

no direct adaptions or modifications to the code. We
developed some what I'll call preprocessors that
enabled us to automatically generate the spring
constants that are used to simulate the contact
phenomena around the periphery of the cask.

I'll qualify that a little bit. We did add
some output statements to the code, enabling us to get
some information that was directly usable for reports,
for instance, to be able to generate information to
predict the maximum displacements of one or more casks.

Q. Is there a limit to the number of casks you
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same; the algorithm, the engine by which the program
solves the problem is different.

Q. And why did you use a different algorithm?
A. (DR. SOLER) The 10,000-year earthquake was

a beyond design basis earthquake. We fully expected
from our previous results at other plants that the
2,000-year earthquake would give us what I will loosely
call small deformation results, in other words, that we
would not show extremely large rotations of the cask
during the motion.

The code which you have labeled as a lumped
mass model is a small deformation code in that it does
not -- it's not capable without modification of
modeling the potential for a cask to execute a large
rotation.

The 10,000-year earthquake, being beyond the
design basis, was a scoping analysis, and therefore it
was quite likely to expect that we would experience
large rotations of the cask, and therefore we used a
program that was capable of managing that kind of a
motion.

Q. And what program did you use?
A. (DR. SOLER) It's called Visual NASTRAN

Desktop. It used to be called Working Model, but there
was a corporate takeover.
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can evaluate in your model?

A. (DR. SOLER) There is a current limit set by
the dimension statements in the FORTRAN code, but that
limit could be changed simply by modifying the
dimension statements. With the size capability of
computers now, your only restriction is the time it
would take to do a much larger system.

Q. The preprocessor that automatically
calculates spring constants, has it been verified with
another mathematical model?

A. (DR. SOLER) That particular code was simply
a tool and was verified by actually doing a sample
calculation and checking it manually to see that it
gave you the same results that you got from a hand
calculation. It was simply a program enabling you to
avoid doing a lot of things manually.

Q. Is it correct that you used a different
model for the 2000-year analysis at PFS versus the
10,000-year analysis?

A. (DR. SOLER) A different computer code, but
essentially the same model. In other words, if your
definition of model is that I have an MPC that is
inside an overpack and that overpack is sitting on a
pad or portion of the pad and that pad or the portion
of the pad is being excited, then the models are the
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Q. And do you have a name for Holtec's code

that you developed?
A. (DR. SOLER) It has over the years gone by

various names depending upon whether it was in the wet
storage arena. In wet storage it was known as
DynaRack. In early dry storage work it was sometimes
called DynaCask. Lately, to avoid confusion, we have
taken to calling it Dynamo.

Q. If I can remember to call it Dynamo, you'll
know that I'm talking about your -

A. (DR. SOLER) I'll know what you're talking
about.

Q. Okay. And I just have to remember that.
A. (DR. SOLER) Let me add a little bit more

just to avoid confusion. Internally and in some
references it was also known as MR-2, the MR standing
for "multi-rack" at the time.

Q. So is it correct that Dynamo without
modification cannot be used to evaluate the 10,000-year
ground motions at PFS?

A. (DR. SOLER) I believe that it would give
erroneous results.

Q. Is it correct that you did not use Dynamo
for the Diablo Canyon cask stability analysis?

A. (DR. SOLER) That is correct.
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Q. And was that for all revisions of the cask

stability analysis?
A. (DR. SOLER) Yes. We did not use Dynamo for

anything at Diablo Canyon that has been submitted to
the NRC for their site license.

Q. And did you use Visual MASTRAN?
A. (DR. SOLER) Yes.
A. (DR. SINGH) NASTRAN.
A. (DR. SOLER) Yes. That's N, with an N,

NASTRAN, not MASTRAN.
Q. I'm sorry. Thank you. And what model did

you use in the Energy Northwest cask stability
analysis?

A. (DR. SOLER) Dynamo.

1
2

4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PAGE 31

Singh/Soler deposition, 3/6/02
Off the record.

(Discussion off the record.)
A. (DR. SOLER) Okay, now ask your question

31 a
W

Q.
A.

And for Tennessee Valley?
(DR. SOLER) Dynamo.

again.
Q. Is it fair to characterize your response in

the last deposition, or I guess in general that NRC had
compared portions of what I now know as Dynamo for wet
storage to other nonlinear codes?

A. (DR. SOLER) Well, I'm not sure what the NRC
has done independently, but as part of a number of
submissions for particular utilities in wet storage
applications, we were of course asked questions by the
NRC staff reviewer, and previous to the submittal we
were also sometimes asked questions by the utility
reviewers before submittal. And if you take all of the
submittals that we've made since when we started and
through the wet storage period, there have been a whole
range of problems considered. And there of course is a
validation report that's been issued with different
classical problems, both linear and nonlinear. Their
"exact" solutions or their numerical solutions from
other sources were compared with the results that we
would get for the same problem. -

So while you could not say that a particular
wet storage submittal was completely modeled by another

CitiCourt, LLC
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Q. Approximately what range of zero period

accelerations do you believe Dynamo is capable of
processing?

A. (DR. SOLER) I would say, without having
pushed it, but I -- to the extent that zero period
accelerations imply a certain cask motion, I would not
hazard a guess as to the upper limit on Dynamo. I
would have to run it and check on the results. And if
those results remained in what I would call the small
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rotation range, then I would accept the results from
Dynamo. However, the reason for not using Dynamo for
the 10,000-year earthquake was simply at the outset I
expected large rotations to validate the results from
Dynamo.

Q. And when you say "large rotations" --
A. (DR. SOLER) I'm talking qualitatively in

the range of, say, 20 degrees, 15 degrees or higher.
Q. In your last deposition I asked whether

Holtec's computer code, which I didn't ask it as
Dynamo, but --

A. (DR. SOLER) A lumped mass model.
Q. Yes.
A. (DR. SOLER) Okay.
Q. Had been compared to other nonlinear codes,

And is it correct to characterize your answer that
portions of the NRC had compared it to portions with
respect to wet storage?

MR. GAUKLER: Objection. I'd like to have
you show the witness the question and answer before you
ask whether that is the correct characterization,

A. (DR. SOLER) Do you want me to look at the
stuff in yellow?

Q. No. Starting right there and through there
(indicating).
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program and compared with the results that we got,
portions of the program were compared by testing the
problem that had been done in the literature, or, in
one case, a finite element model using ANSYS that was
made up by a utility to characterize all of the
features like nonlinear springs and gap elements that
was in their model.

Q. You mentioned a validation report. Is this
a formal document that's submitted to NRC?

A. (DR. SOLER) Yes, I believe it's in the
public document now.

Q. And approximately how large is that
validation?

A. (DR. SOLER) Like that (indicating). I
believe, maybe I'm wrong, but we submitted at one time
a table of contents to that report.

Q. Did you submit a validation report with the
TSAR?

A. (DR. SOLER) No.
Q. Dr. Singh, do you want to add?
A. (DR. SINGH) May I supplement the response?
Q. Yes.
A. (DR. SINGH) One of the essential

undertakings we have in nuclear plant design and
analysis activities is to ensure that the computer
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predicted displacements in the order of inches.

And to confirm that ANSYS was giving us
reasonable results, we modeled the same thing on our
Dynamo program and got the same order of magnitude of
displacements. We were not at that time trying to
check the specific details that we had to put on the
client's racks against Dynamo. But we left those
details off and just made a general check that our
program was not predicting a quarter of an inch when
ANSYS was predicting five inches. We got a general
level of agreement there, and beyond that we used

ANSYS.
Q. You mentioned with respect to this project

that you used a large earthquake. Do you recall
approximately what the zero period acceleration --

A. (DR. SOLER) No.
MR. GAUKLER: Objection. What project? The

one you're talking about that uses ANSYS?
MS. NAKAHARA: Yes.

A. (DR. SOLER) I do not recall what we used to
make that check. It was an informal check, what any
competent engineer would do when he's developing a new
model with a program that he's not used before on that
particular application. So we just picked a time
history that we had.
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NASTRAN that allowed Visual WASTRAN to accommodate
potentially large rotations?

A. (DR. SOLER) Okay. Well, if you write the

equations of motion of a system and restrict it to

small rotations, you can simplify the equations.
In a nutshell, the Dynamo code does not

alter the equilibrium equations step by step. It
assumes to always satisfy equilibrium based on the

original configuration.
The Visual NASTRAN code was written from the

outset to accommodate large motions, falling objects

that could tumble, turn over, bounce. Therefore, it

did not make internally any simplifications to the
equations that are presumably programmed at the site.
So if you attempt to take a code that is written for
small deflections and blindly just apply it and get a
result that would indicate large deflections, either
your program will blow up on you or it will just give

you ridiculously large results that have no physical
meaning, or it will simply give you wrong results that

you may think there's a physical meaning to it. So you
have to be careful to make sure that you don't pose to

a code a problem that has a chance of going outside the

range of validity of the code.
Q. And how can you ensure that the results for
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Q. With respect to Dynamo, do you directly

apply ground acceleration time histories, or do you
have to make some modifications to the time histories?

A. (DR. SOLER) We directly apply the
acceleration time history with a change of variables.

Q. And what do you mean "with a change of
variables"?

A. (DR. SOLER) Well, you can either treat a
seismic problem by assuming that the ground is moving
with some displacement time history and forcing through
the connection to the ground or friction and gap
elements, forcing the racks to move, or you can make a
change of variables and assume -- not assume, and make
everything relative to a fixed ground. And in that
case the forces are applied to the rack or to the cask
in the form of acceleration time histories, the ones
you have, times the mass of the particular component.
Based on the questions yesterday, I believe that that's

what was done in the Altran report, too.
MS. NAKAHARA: How about if we take a

ten-minute break.
(Recess from 10:39 to 10:56 a~m.)
Q. (BY MS. NAKAHARA) Dr. Soler, I have a few

more questions to ask about the mathematical codes.
What is the difference between Dynamo and Visual
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the PFS 2,000-year return period using Dynamo are
accurate results?

A. (DR. SOLER) If I take, say, the peak
displacements that are predicted from any of the runs,

we're talking about numbers on the order of three
inches, say; and if I take three inches, which is a
maximum excursion laterally and assume the worst, that

the bottom of the cask was somehow pinned and it was
rotating, which is usually the case with a .8

coefficient of friction, if you take three inches and

divide by the height of the cask, which is 231 inches,

and calculate that angle, that angle is very small and

it's a commonly accepted number that would tell you

you're still in a small deflection range.
Q. Jumping to the cask stability analysis for

Diablo Canyon, were all cask stability analyses for
unanchored casks conducted with Visual NASTRAN?

A. (DR. SOLER) Well, all analyses that were

submitted to the NRC were for anchored casks and were

conducted with Visual NASTRAN.
Q. What about the scoping analysis that you

conducted for unanchored casks?
A. (DR. SOLER) The scoping analyses which were

most likely a few years ago we're talking were analyzed

with Dynamo, perhaps internally Visual NASTRAN, but I
CitiCourt, LLC
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Q. (BY MS, NAKAHARA) Let's go back on the

record. Dr. Soler, what total vertical contact
stiffness value did you use in the cask stability
analysis?

A. (DR. SOLER) Total number, I think was 4

times 108. That's the pounds per inch. That's the
of all the individual springs.

81
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really need to look at to give you that number is --

83

168
e sum

MR. GAUKLER: That was the total from all

the --
MS. NAKAHARA: 468? Off the record.

(Discussion off the record.)
A. (DR. SOLER) It was a little more than that

if you take numbers from the actual math book. That's

the range, 450 plus times 106.
Q. Will you briefly explain how you calculated

that?
A. (DR. SOLER) Okay, that number was

calculated -- and this goes back to almost the
beginning of our analysis. It had nothing to do with
the earthquake. That number was calculated by taking

the semi-infinite solution I referred to earlier this

morning and looking at the problem of if I just simply
took the cask, which has an 11-foot diameter, placed it

down on a pad of concrete, knowing the properties of
concrete in terms of the Young's modulus and the
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Q. Is that the '97 report?
A. (DR. SOLER) Yeah, probably 97-1631.

MS. NAKAHARA: I need to do a better search,

but I don't believe we ever got the '97 report.
MR. GAUKLER: Okay.
MS. NAKAHARA: We have two other earlier

versions of this report, none of the '97 that I could

find. That was one of my problems looking at some of
the references.

DR. SOLER: So I can't really give you that

answer.
MS. NAKAHARA: So to the extent we don't

have that report, we would like a copy of it.
MR. GAUKLER: Dr. Khan had a reference to

it.
Q. (BY MS. NAKAHARA) Will you explain how you

calculated, in general, the horizontal stiffness value?
A. (DR. SOLER) Generally speaking, what we

usually do is -- again, the phenomena we're trying to
simulate is what's called in the literature a
stick-slip phenomena, meaning that nothing happens
until you slip, and therefore something suddenly
happens after that and you jump up to the value U times
whatever the download is. So our simulation of that is
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radius, you can calculate a spring constant for that

section of concrete. Then, since I was modeling 36
springs around the periphery, which I felt was a
reasonable number, I simply divided that spring
constant by 36 and imposed the result at each one of

the vertical springs.
There are, of course, other ways to compute

that spring constant, but the underlying rationale
would be when you're finished and you can imagine that
cask resting on whatever it's resting, that the
deflection to predict should be small.

Q. And you calculate the deflection according
to Exhibit 7; is that correct?

A. (DR. SOLER) That would be the formula I

would use to determine whether the number that I came

up with was a rational number to use. But I would have

to determine the spring constant from the method I just

described.
Q. And what total horizontal stiffness value

did you use in your analysis?
A. (DR. SOLER) I'd really have to consult one

of my outputs to refresh that number. I've got it

here, so let's see if it's -- oh. In Section 5.3 of
this report it says refer to an earlier report to get

that spring constant. So I guess the report that I
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with a spring that has a very stiff spring constant so
that it behaves like a linear spring up until the force

predicted in that spring is greater than the
coefficient of friction times the normal force in the
contact spring that goes along with it.

Now, the number you choose is again based on

physical principles. Again, if I take the object,
whatever it is, and I assume a spring constant that is
trying to simulate really something very stiff so that
I don't get any deflection without sliding, I want a
number that's big enough so that if I put on a load
that's less than mu times W, I don't predict some
unreasonably large number like quarter of an inch, half
an inch. I want to predict something like .00
something, just for this simple problem. That way I
know when I do the dynamics problem that what I'm going

to see is the slipping behavior and not some elastic
motion. So again, it's chosen mainly to get a result

that you would expect from your physical intuition and

physical observing the problem.
Q. Do you believe that the total contact

stiffness for an unanchored cask is constant or varies

during the entire duration of the earthquake motion?
A. (DR. SOLER) First let me ask, is that --

the term "total contact stiffness" means what to you?
CitiCourt, LLC
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33
process, Bob Youngs. So I'd say there was only one
person I talked to.

Q. Thank you. And who at Stone and Webster
have you had discussions with?

A. (DR. SOLER) Oh, let's see. John Donnell,
Jerry Cooper, Stan Macy, Paul Trudeau up in the Boston
office, and a couple of people in the Cherry Hill
office, Mr. Ebbeson. I don't believe I've missed
anybody, but there have been so many people over the
years, I might have. But those are the ones that come
to mind. Oh, and wait a minute. I guess I've had a
conversation with Dr. Wen Tseng having to do with the
input that I gave him for the pad analysis.

Q. Okay, thank you. Who is your current
employer?

A. (DR. SOLER) Holtec International.
Q. And what is your position?
A. (DR. SOLER) Executive vice president and

vice president of engineering.
Q. And what are your duties?
A. (DR. SOLER) Oversee the entire engineering

staff in general, and specifically have direct charge
of the people doing structural and seismic analysis.

Q. And now if you'll look at your resume.
A. (DR. SOLER) Okay.
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to present you're the lead analyst in mechanical/
seismic/structural analysis, and I presume that was
your description in describing your duties?

A. (DR. SOLER) That's correct.
Q. What does METCON stand for?
A. (DR. SOLER) That's just an acronym for

metal/concrete construction.
Q. And have you conducted site-specific seismic

analyses that estimate the probability of cask failure
for sites other than PFS?

MR. GAUKLER: Objection. What do you mean
by cask failure?

Q. Let me rephrase. Have you conducted
site-specific cask stability analysis from seismic
ground motion for facilities other than the PFS
facility?

A. (DR. SOLER) Yes, I have.
Q. For which sites, or for which --
A. (DR. SOLER) For Diablo Canyon, some scoping

work for Humboldt Bay, some work for Enertgy Northwest,
and for -- let's see. Did we do -- I believe that we
did some for Dresden and for the Tennessee Valley
Authority.

Q. For the analysis at Diablo Canyon, is this
for the anchored HI-STORM lOOS cask?
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Q. If you'll review your resume, take a moment
to review your resume. Could you tell me if it's
current?

A. (DR. SOLER) I would say -- let me just take
a look at the last item on it. I would say it's a
couple of years out of date. There's no date on here
saying when it was last updated, but I don't recall
updating it in the near past.

Q. Is there any experience or publications that
is particularly relevant to Utah Contention L, Part B
that's not on your resume?

A. (DR. SOLER) Yes. There is a publication,
actually it was a presentation that was given at the
recent Structural Mechanics and Reactor Technology
Conference in Washington, D.C.

Q. And what was the subject of this
presentation?

A. (DR. SOLER) Basically dry storage casks and
their behavior during seismic events.

MS. NAKAHARA: And Paul, I'd request a copy,
to the extent he has one, of his presentation.

MR. GAUKLER: Okay.
Q. (BY MS. NAKAHARA) Dr. Soler, if you'll look

on page 2 of your resume in the section entitled Dry
Spent Fuel Storage Technology. And you have from 1992
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Canyon?

(DR. SOLER) Yes, it is.
Do you recall the ground motion at Diablo

A. (DR. SOLER) In what way?
Q. The ground motion that you estimated, or you

performed your cask stability analysis.
A. (DR. SOLER) I recall specifically the

general level of the zero period accelerations, if
that's what you're asking me.

Q. Yes.
A. (DR. SOLER) There are a number of

excitations provided to us.
Q. Approximately when was the ground motion of

the zero period acceleration?
A. (DR. SOLER) Between .9 and 1.
Q. For what earthquake magnitude is a zero

period acceleration at Diablo Canyon?
A. (DR. SOLER) I think that's what I just gave

you. I mean, it's not a -- what do you mean by
earthquake magnitude?

Q. Local Richter.
A. (DR. SOLER) I don't know the answer to that

one.
Q. And approximately what time period did you

prepare the Diablo Canyon analysis?
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A. (DR. SOLER) Over the period September 2000

to essentially September 2001.
MS. NAKAHARA: Can we get a copy of this

analysis?
MR. GAUKLER: I'll take it under advisement.

Q. (BY MS. NAKAHARA) The scoping for Humboldt

Bay, approximately what period did you do the scoping?

A. (DR. SOLER) I can't honestly recall the

dates without leaving the room, I guess.
Q. That's fine. Was this for a HI-STORM 100

cask or a 100S cask?
A. (DR. SOLER) It was not.
Q. The Entergy Northwest, what type of cask

system did you analyze there?
A. (DR. SOLER) That was a 100S.
Q. And where is the Entergy Northwest facility

located?
A. (DR. SOLER) Richland, Washington.

Q. And what were the zero period accelerations

that you looked at in that analysis?
A. (DR. SOLER) Outside the building, I

believe -- I'd just better not say, because I'm
guessing. But it was not as large as what I quoted you

for Diablo Canyon.
MS. NAKAHARA: We'd like a copy of that
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publication?
A. (DR. SOLER) Well, it had nothing to do with

dry storage casks. It dealt with heat exchanger
foundations, and the external loads were a combination

of piping and seismic loads. But it was dealing with

determining the stresses in the foundation of a heat

exchanger.
Q. Would the principles applied to heat

exchanger foundation be similar to that of a dry cask

storage system?
A. (DR. SOLER) Not really. The shape was

specific to heat exchangers, for the most part. I

mean, if you look at the date, 1985, that was well

before dry storage entered my thinking.
MS. NAKAHARA: I asked for this document

earlier, Mr. Gaukler. I'd still request that we get a

copy of this.
MR. GAUKLER: Okay.

Q. (BY MS. NAKAHARA) And then Dr. Soler, if

you'll look at publication No. 57 on page 7 entitled

Some Results from Simultaneous Seismic Simulations of

All Racks in a Fuel Pool. Will you describe this

publication in general terms?
A. (DR. SOLER) That was an analysis of a

series of spent fuel racks considered immersed in water
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analysis also.
MR. GAUKLER: I'll take it under advisement.

Q. (BY MS. NAKAHARA) And for the Dresden

facility, what type of zero period accelerations did

you use there?
A. (DR. SOLER) They were very low, about 0.2.

Q. Okay. And the Tennessee Valley facility,

what type of zero period accelerations did you use?

A. (DR. SOLER) In the neighborhood of .5 to

.6.
Q. And what type of cask system is at the

Tennessee Valley facility?
A. (DR. SOLER) A 100S.

MS. NAKAHARA: And we'd like a copy of that

analysis also.
MR. GAUKLER: I'll take it under advisement.

Q. (BY MS. NAKAHARA) If you'll look at your

resume and turn to page 6. And listed as publication

47 -- oh, strike that, I asked Dr. Singh about this

one.
If you'll look at page 7. Item publication

50 entitled Foundation Stresses Under Support of

Freestanding Equipment Subjected to External Loads.

Will you generally describe this publication, the

subject of this -- not the subject. What's in this
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in a fuel pool and subject to a hypothetical seismic

excitation. It was not specific to any plan.

MS. NAKAHARA: Okay. And we'd request this

document also.
MR. GAUKLER: Okay.

Q. (BY MS. NAKAHARA) And then if you'll look

at publication 59, Seismic Response Characteristics of

HI-STAR 100 Cask System on Storage Pads. Dr. Soler,

will you generally describe what's in this publication?

A. (DR. SOLER) This was basically an early

work that we did for Pacific Gas and Electric to simply

evaluate our initial attempts at anchoring casks, and

at that time we were looking at the HI-STAR 100 cask

system. It was a paper that was written.

MS. NAKAHARA: Okay. And we still request a

copy of this document.
MR. GAUKLER: Okay.

Q. (BY MS. NAKAHARA) Dr. Soler, are you

familiar with NRC's Rulemaking Plan SECY 98-126, which

was published approximately in -- obviously 1998? And

I apologize for not having a copy for you to look at.

A. (DR. SOLER) The answer is no.

Q. Are you familiar with Exhibit 12 of the

deposition exhibits? If Paul would get you a copy of

that.
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describing your cask stability analysis, you mentioned
that you used a lump mass model of the system.

A. (DR. SOLER) Yes.
Q. Have you, for the PFS case or any previous

case in which you used the same model for a HI-STORM
100 cask, have you calibrated that model with any test

data?
A. (DR. SOLER) Only against classical

solutions. I would not say -- certain aspects of the
model have been calibrated against test data in the wet

storage arena, but in general the program has been
validated by comparing against other solutions which

have the same characteristics.
Q. And do I recall correctly that you compared

your model solutions to ANSYS, or am I not recalling
correctly?

A. (DR. SOLER) I believe at one stage of the
development of the algorithm a portion of the model for

a specific job was compared against a similar model
from ANSYS, although the comparison was not made on

racks or casks, it was made on a problem that was
developed simply for the purposes of making the
comparison.

Q. To the extent you recall, what other models
were compared to the lump mass model used in the PFS
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arena, did those codes have any actual test data in
which they were calibrated, to the extent you know?

A. (DR. SOLER) I would not know one way or the
other, although at least in one case where a simple
code was used as part of a thesis of the university, I

believe that there was some testing of the results of
that code against an experimental model.

Q. Do you have any, does Holtec have any test
data which shows the HI-STORM 100's ability to
withstand ground motion?

A. (DR. SOLER) No.
Q. And is it correct that you also -- this

would encompass any bench scale test data?
A. (DR. SOLER) The answer would be still no.

MS. NAKAHARA: Okay, thank you.
We've been going probably less than 30

minutes, but if you're willing to take a perhaps a
longer break, a 30-minute break, I think I can make
this go a little faster.

MR. GAUKLER: Okay.
MS. NAKAHARA: Actually, how about if I call

you back at four o'clock your time? Is that convenient
for you, Mr. O'Neill?

MR. O'NEILL: That's fine.
MS. NAKAHARA: Thank you. I suspect I have
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MR. GAUKLER: Objection, vague and ambiguous

question.
Q. Dr. Soler, do you understand the question?

You indicated that you compared other models to the
lump mass model you referred to earlier in the PFS cask
stability analysis.

A. (DR. SOLER) No, no. What I stated was that
the entire, the computer codes that we used for PFS has
been used previously in dry storage submittals in the
recent past, and in the near and distant past it's been

used in wet storage applications. And in the course of
applications before the NRC in wet storage, we did some
comparisons of the predictions of our program with the
predictions of other programs the course of validating
our code. It was not specifically comparing a wet
storage analysis by our code with a wet storage
analysis by another code.

Q. Okay.
A. (DR. SOLER) Simply pick a problem that had

a well-known solution or had been done by another
analyst using another code and compare it with what we

would get using our code.
Q. Okay, thank you for the clarification. Did

the other codes that you compared in the wet storage
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less than an hour of questions.
MR. O'NEILL: Dr. Soler, or all together?
MS. NAKAHARA: All together.

(Lunch recess from 1:27 to 2:06 p.m.)
Q, (BY MS. NAKAHARA) We are reconvening the

deposition of Dr. Alan Soler and Dr. Krishna Singh, and
Dr. Singh has now joined us. Is that correct?

A. (DR. SINGH) That is correct. This is Chris
Singh.

MS. NAKAHARA: And I think Paul, Mr. Gaukler
wanted to go on the record attributing a paragraph in

the declaration to Mr. Singh, and I'll let Paul do

that.
MR. GAUKLER: I want to go on the record to

say that he will be testifying to paragraph 33 that's
in the declaration, talking about the degradation of
concrete due to heat transfer in a tipover condition.

And I want to clarify one other point. I
had thought that paragraph No. 22, which we didn't have
anybody to identify, would be Alan Soler separately.
It will be Alan Soler and Chris Singh, paragraph 22.

Q. (BY MS. NAKAHARA) Dr. Soler, are you
familiar with the location of faults near the proposed
PFS site as described in Geomatrix's seismic hazard
assessment ?
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A. (DR. SOLER) No, other than the limited
reading I gave it four years ago, five years ago.

Q. Are you aware that a major fault capable of
generating a 6.5 magnitude earthquake could impact the
PFS site?

A. (DR. SOLER) That sounds like a two-part
question to me. Am I aware?

Q. Yes. Are vou aware that a major fault
capable of generating a 6.5 magnitude earthquake could
impact the PFS site?

A. (DR. SOLER) I am not aware of it.
Q. Are you familiar with the term "near fault

effects" for earthquakes?
A. (DR. SOLER) Not really.
Q. Then is it fair to say that you did not

consider near fault effects in your cask stability
analysis for the HI-STORM 100 at the PFS site?

MR. GAUKLER: Objection. There is no basis
for him to say whether he knew whether he did or
whether he didn't.

Q. (BY MS. NAKAHARA} Did you --
MR. GAUKLER: He's already described that he

got input through Geomatrix.
Q. (BY MS. NAKAHARA) Did you consider near

fault effects, to the extent you know, in the cask
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That was my answer.

Q. No, I'm sorry. I'm skipping over questions
that were related to that, I'm sorry. I should have
told you that.

In your analysis HI-2012640 -- I'm sorry, I
don't have a title. Do you know which report I'm
referring to?

A. (DR. SOLER) Yes, I've got it in front of
me. Multi-cask Response at PFS ISFSI from 2,000-year
Seismic Event, Rev 2.

Q. Thank you. What is the maximum weight of a
single HI-STORM cask loaded with fuel assemblies used
in that report?

A. (DR. SOLER) 360,000 pounds.
Q. And did you consider a minimum weight in

that report?
A. (DR. SOLER) No, we considered one weight.
Q. With respect to your cask stability analysis

for a 10,000-year return period, Holtec report No.
HI-2012780, did you use the same maximum weight that
you used in the previous report for a single HI-STORM
cask loaded with fuel assemblies?

A. (DR. SOLER) Yes.
Q. Back to the 2,000-year report, HI-2012640,

did you use values for alpha damping co-efficients in
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stability analysis for the HI-STORM 100 at the PFS site
for a 2,000-year return period?

MR. GAUKLER: Same objection on 2,000-year.
A. (DR. SOLER) I considered the earthquakes

that were given to me. The basis for those earthquake
time histories I'm not familiar with.

Q. And will you clarify, did you calculate the
design-basis ground motion yourself or rely on
Geomatrix? You told me what you received, but I guess
I don't quite understand.

A. (DR. SOLER) The original deterministic
earthquake, we received the response spectra and we
computed the time history from that response spectra.
For all of the other earthquakes we received the time
history directly.

Q. Directly from Geomatrix?
A. (DR. SOLER) Correct.
Q. Okay, thank you. In your opinion, would

earthquake waves arriving at an angle to the HI-STORM
100 cask, would it would it cause additional rocking
and torsional motion than if it approached
perpendicularly?

MR. GAUKLER: Object to the form of the
question. You can answer if you can.

A. (DR. SOLER) I'm not an expert in that area.
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code MR2V181.EXE for dynamic simulation?
A. (DR. SOLER) No.
Q. Did you use values of beta damping for the

same code for dynamic simulation?
A. (DR. SOLER) Yes.
Q. What beta value did you use?
A. (DR. SOLER) That number appropriate to 5

percent damping.
Q. And with respect to the 2,000-year cask

stability analysis HI-2012640, what mathematical model
of a single cask was used?

A. (DR. SOLER) A lump mass mathematical model.
Q. And I'm sorry for not recognizing that

earlier in your earlier statement.
In the 2,000-year cask stability analysis

HI-2012640, did you consider any pad-to-pad interaction
forces in the cask stability analysis?

A. (DR. SOLER) No.
Q. Do you believe they would impact the cask

stability?
A. (DR. SOLER) No.
Q. And why not?
A. (DR. SOLER) Because we took a conservative

approach that there was nothing surrounding the pad we
were looking at. If there was any additional
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1.0 INTRODUCTION

The purpose of this study is to perform sliding and tip-over nonlinear time history analysis
of HI-STORM 100 casks. The cask system is planned to sit vertically unanchored on a
concrete slab in a 2 by 4 array as described in References 1, 2 and 3. The concrete slab rests
on ground soil. This study will use three ground motion time histories for 2000-year return
period of the region as provided in Reference 4. The nonlinear dynamic analyses will
simulate the cask behavior due to specified input motions applied at the cask base. It will
demonstrate the sensitivity of Hr-STORM 100 cask response (sliding and rocking)
movements due to various input data selected. The results of this study will be compared
with the results presented in Reference 1.

2.0 INPUT DATA

The following structural design and analyses information is based on Reference 1, 2 and 3.

Overpack Weight = 267,664 lbs.
Radial Concrete Weight = 163,673 lbs.
Maximum Cask Weight = 360,000 lbs.
MPC Weight (including fuel) = 88,857 lbs.

Length of the Cask = 231.25 inches
Diameter of the Bottom Plate = 132.50 inches
Inside Diameter of the Cask Shell = 72.50 inches
Outside Diameter of the Cask Shells = 132.50 inches

MPC Height = 190.5 inches
MPC Diameter = 68.375 inches
MPC Bottom Plate Thickness = 2.5 inches
MPC Top Plate Thickness = 9.5 inches

Total Vertical Stiffness Between the Pad and Cask = 4.541 x 108 lbs./inch
Total Horizontal Stiffness Between the Pad and Cask = 4.541 x 10 lbs./inch

Lowest Coefficient of Friction n 0.2
Highest Coefficient of Friction = 0.8

Two horizontal time histories and one vertical time histories are provided in Reference 4.
The amplitudes of these time histories are in terms of gravity (i.e., g) and are at a constant
time interval of 0.005 seconds. The time history duration is 30 seconds.

3.0 METHODOLOGY FOR FINITE ELEMENT ANALYSIS

Figure 1 shows a rigid mass than can slide and uplift. Various forces and local stiffnesses
needed to solve this problem are also shown. The block moves when inertial forces acting
on this mass exceed the frictional force StW. Local contact stiffnesses in the horizontal and

Altran Proprietary Information 4 UT-481 31
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vertical direction (KH and Kv) are needed in mathematical simulation just before any sliding

occurs at any instant of time. There are several structural analyses codes, which can solve

this nonlinear analysis problem. SAP2000 and ANSYS structural analysis codes described

in References 5 and 6 are used to perform nonlinear time history analyses. The

methodologies and the formulation of the finite elements and nonlinear solution methods are

described in these references. Three mathematical models considered in this study, are

described in section 4.0.

4.0 CASK MODEL STUDIES

Three mathematical cask models with varying degree of complexity are considered in this

study as follows:

* The purpose of the first model is to obtain horizontal sliding displacements for the HI-

STORM100 cask without any vertical excitation. For this case, two industry standard
structural analysis codes, ANSYS and SAP2000, are used to compare the maximum
sliding displacements values and the nodal displacement time history traces for
benchmarking purposes.

* The second model includes the effect of vertical excitation without any rocking effects

due to cask height.
* The third model represents a three-dimensional cask with vertical and horizontal rigid

beam finite elements. The mass density of the vertical beam elements are adjusted to

obtain approximately the weight of a fully loaded HI-STORM100 cask.

For the last two models, several parametric analyses are performed to show the effect of

change of contact stiffnesses and coefficient of friction values on the HI-STORM100 cask

motion. The effect of use of various structural damping values (ALFA, BETA, or Modal) is

also studied in the third model.

4.1 Rigid Mass Sliding Model

A HI-STORM 100 cask weighing 360 kips is modeled by a single rigid beam element that

can slide horizontally. Figure 2 shows the SAP2000 model. The height of beam element is

chosen small enough to avoid any rocking effects. The bottom of this element is connected

to a nonlinear element that accommodates sliding effects. At the base of the nonlinear

springs, horizontal time histories corresponding to 2000-year return period were applied.

For checking the adequacy of these input time histories, corresponding response spectra

were generated and were compared with those spectra in Reference 4.

The results of nonlinear sliding displacements are shown in Figures 3 and 4. Figure 5

provides the sliding displacements results obtained from ANSYS Computer Code

(Reference 6). Table 1 provides the absolute maximum relative displacement values

obtained by the two computer codes. This table shows good agreements between sliding

displacement values obtained by SAP2000 and ANSYS computer codes.
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Table 1

Absolute Maximum Relative Displacements in Horizontal Directions for Sliding Cask

Stiffness for
Non-Linear Elements Relative Cask Displacements

Coefficient of Vertical Horizontal Horizontal Horizontal Vertical
Computer Friction Stiffness Stiffness Displacement Displacement Dispalcement

Code j KV KH Dx Dy Dz
I (lbs./in.) (lbs./in.) (in.) (in.) (in.)

SAP2000 0.2 0 1 x 105 9.371 5.599 NA

ANSYS 0.2 0 1 x 105 9.371 5.599 NA
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Figure 1
Cask Model for Sliding and Uplift
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Figure 2
Cask Math Model for Sliding and Uplift
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Figure 3
Sliding Cask - Relative Displacement Time History for Horizontal X-Direction

Figure 4
Sliding Cask - Relative Displacement Time History for Horizontal Y-Direction
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Sliding Cask - Relative Displacement Time History for Horizontal X and Y Directions

(ANSYS)
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4.2 Sliding and Uplift Model Without Consideration of Rotational Effects

A HI-STORM 100 cask weighing 360 kips is modeled by a small single rigid beam element
that can slide and uplift. Figure 2 shows the beam model. The height of this element is
chosen small enough to avoid any rocking effects. The bottom of this element is connected
to a nonlinear element that can slide and provides compression only nonlinear effect. The
rotational effects are ignored. Three time histories corresponding to 2000-year return period
were applied at the base of the nonlinear spring.

Starting contact stiffnesses in the horizontal and vertical directions are used as input in
performing analyses. These stiffnesses are effective before any sliding or during
compression condition. In general, high contact stiffness values are used during numerical
simulation of these types of analyses. The real problem with using high stiffnesses is that it
artificially treats the solution to be a linear for a significant duration of the input motions.
The artificially high stiffnesses also absorb significant amount of energy before sliding
actually occurs. The "instantaneous" structural frequencies (before sliding) could also alter
the initial sliding velocities, which would affect the final structural response during high
level ground input motions. Table 2 summarizes the results of this study. A significant
variation in cask displacements are found by selecting different combination of three input
parameters; coefficient of friction A, and local contact stiffnesses in the horizontal and
vertical direction (KH and Kv).

Table 2 shows that as the vertical contact stiffness between the cask and the ISFSI pad
increases, the sliding displacements reduce significantly. This effect shows that the cask is
approaching a simulated anchored condition to the ISFSI pad and there is no dynamic
amplification in the vertical direction. Similarly, as the horizontal contact stiffness
increases, the horizontal sliding displacement also reduces. However, the change in vertical
stiffness has a greater impact in changing the cask displacements than the horizontal contact
stiffness. When vertical displacement is large, small variation in mass also influences the
horizontal response siginificantly.

The results presented in Table 2 show that the sliding and uplift displacements are not
unique and tend to reduce significantly with the increase in contact stiffness values.
Reference 3 also gives a range of displacement solutions, which are not unique. The solution
given in Reference 3 would change significantly with lower contact stiffnesses and with
lower damping values. The convergent sliding displacements should be obtained by
selecting a range of contact stiffnesses. A contact stiffness value of 108 lbs/in is considered
too high for an unanchored cask that can slide and rock. Ideally, these stiffnesses should be
small values for an unanchored cask.
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Table 2

Absolute Maximum Relative Displacements for Sliding Cask

Associated with Sliding and Uplift Model Without Consideration of Rocking Effects

Due to Cask Height

Stiffness for
Nnn-TLinear Flements, Relative Cask Disniacements,

Vertical Horizontal Horizontal Horizontal Vertical

Study Coefficient Stiffness Stiffness Displacement Displacement Dispalcement

Run of Friction KVKH D, Dy D

Number J1t (bs./in.) (lbs./in.) (in.) (in.) (in.)

1 0.2 1 X 10 6 1 X 1 9.16 12.25 2.10

2 0.8 1 X10 6  1 X10 5  42.74 31.35 1.75

3 0.2 10x 10 6 1x 1019.25 7.69 1.93

4 0.8 lox 10 6 1 x 105 12.70 14.03 1.94

5 0.2 lO0 X 10 6 1 x 1056.38 3.86 0.006

6 0.8 lO0 X 10 6 1 x 1054.74 3.05 0.006

7 0.2 lO0 X 10 6 l x 10 6 1.91 1.29 0.006

8 0.8 lO0 x 10 6 1 X 10 6 3.80 1.38 0.006

9 0.2 454 x 10 6 1 X 1 6.39 3.86 0.001

10 0.8 454 x 10 6 1 X 1 4.83 3.06 0.001

11 0.8 454 x 10 6 454 x10 6 0.057 0.071 0.001

** Stiffness values correspond to those values given in Reference 1.
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4.3 Three-Dimensional Sliding and Uplift/Tip-Over Model

A HI-STORM 100 cask weighing approximately 360 kips is modeled by 72 beam elements.
Figure 3 shows a three-dimensional (3D) beam model. The cask can slide, uplift and rock or
tip-over under the specified seismic input motions. The base diameter of this model is 132
inches and the cask height is 231 inches. The model is graphically generated using the GUI
feature of SAP2000. The bottom 8 nodes are connected to nonlinear elements. Three time
histories corresponding to 2000-year return period were applied at the base of the nonlinear
springs.

Table 3 summarizes the results of this study. A significant variation in cask displacements
found by selecting different combination of three input parameters; coefficient of friction A,
and local contact stiffnesses in the horizontal and vertical direction (KH and Kv). The cask
displacements are comparable to those obtained in Table 2. In this case, solutions are also
obtained at 0.01%, 1% and 5% structural damping. In reality, the structural damping
(ALFA, BETA or Modal) must be small or insignificant value. Cask sliding and uplift
displacements should be independent of structural damping for cask elements, since cask is
considered as a rigid body. Only friction should be primary energy dissipation mechanism.
From the results presented in Table 3, it is shown that the use of higher damping will
significantly lower the nonlinear structural response of the cask system.
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Table 3

Absolute Maximum Relative Displacements for Sliding Cask
Associated with 3-D Sliding and Tip-Over Model

Stiffness for
Non-Linear Elements Relative Cask DisnIacements,

Coefficient of Vertical Horizontal Horizontal Horizontal Vertical

Study Friction Stiffness Stiffness Displacement Displacement Dispalcement

Run p. K KH Dx Dy D

Number (% Damping) (lbs./in.) (lbs./in.) (in.) (in.) (in.)

1 0.8 (0.01%) 1 x 10 6 X10 5 372.76 229.65 27.24

2 0.2 (1%) 1 x 10 6 1 x 105 48.69 48.86 2.56

3 0.8 (1%) 1 x 10 6 1 x 105 306.00 120.45 18.01

4 0.8 (1%) 10ox 10 6 1 X 1 60.21 46.85 8.59

5 0.2 (5%) 1 x 10 6 1 X 1 4.38 9.08 2.28

6 0.8 (5%) 1 x 10 6 1 X 1 21.48 56.85 5.87

7 0.2 (5%) 10ox 10 6 1 X 0 6.00 4.71 0.15

8 0.8 (5%) lox 10 6 1 X l0 15.11 10.42 0.94

9 0.8 (5%) 100 x 10 6 i x lO 5 27.63 58.27 2.56
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Figure 6
Cask 3-D Math Model for Sliding, Uplift and Rocking
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5.0 CASK OVERTURNING/TIPPING

In this section, a calculation is performed to determine the minimum requirement for vertical
uplift of the cask body and the kinetic energy (or velocity) required to tip a cask under high
level horizontal and vertical earthquake motions. As shown in Figure 7, the cask will tip
over when the center of gravity (CG) of the cask body with height (H) and radius (R) moves
over one edge.

For HI-STORM 100 Cask:

Height of the Cask (H) = 231.25 inches
Diameter of the Bottom Plate (2R) = 132.50 inches
Maximum Cask Weight = 360,000 lbs.
Cask Velocity = VM
Horizontal Cask Velocity in X direction = Vx
Horizontal Cask Velocity in Y direction = Vy
Vertical Cask Velocity in Z direction = Vv
Gravity = 386.4 in./sec.2

a = tan' (H/2R) = tan-' (231.25/132.50) = 60.20

f3 = 90° - 60.20 = 29.80

The value of tipover angle ,B is conservatively calculated due to selection of cask CG equals
to half the cask height.

Maximum Cask Uplift Height = 2 R (sin 29.80) = 65.85 inches

Change in the C.G Height at Tipping = {R2 + (0.5 H)2}1 1 2 - 0.5 H = 133.26 - 115.63
= 17.63 in.

Potential Energy (PE) Required for Cask Overturning:

PE = Cask Weight * Change in the C.G height at tipping
PE = (360,000 lbs.) (17.63 in.) = 6,346,800 lbs.-inch

Kinetic Energy (KE) Required for Cask Overturning:

KE = (1/2) * Cask Mass * (Cask Velocity)2

KE = (1/2) [360,000/386.4] (VM) 2

Considering all three direction of earthquake motions by using SRSS rule for directional
response combination , the (Cask Velocity)2 is:

(VM) = (VX)2 + (VY)2 + (VV) 2
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Table 3 summarizes the spectral accelerations and velocities at 5% damping from 0.4 to 2.0
Hz frequency range for a 2000-year return period seismic event. This is an important
frequency range and it is judged that the instantaneous rocking and sliding frequencies lie in
this range for an unanchored cask. From Table 4, the average horizontal velocity in this
frequency range for both the fault-normal and fault-parallel direction is approximately equal
and the average vertical velocity is approximately half of the average horizontal velocities.

Therefore,

Vx _ Vy and Vv _ 0.5* Vx

Substituting these values,

(VM)2 = (VX)2 + (VX)2 + (0.5*VX)2  = 2.25 * (Vx)2

For Possible Cask Overturning/Tipping:

KE > PE

(1/2) [360,000/386.4] (VM)2 > 6,346,800 lbs.-inch;

(1/2) [360,000/386.4] * 2.25 * (Vx)2  > 6,346,800 lbs.-inch; =X Vx > 77.82 in/sec.

For some cases summarized in Table 3, the cask velocities obtained from the velocity traces
during an earthquake are much higher than the calculated value of Vx. For example, Figure 8
shows a velocity trace for Study Run Number 1 in Table 3. In this case the maximum cask
velocity is 271 in/sec.. Therefore, it is possible for HI STORM 100 cask to overturn (i.e., tip
over) during a high-level seismic event.
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Table 4

Spectral Accelerations and Velocities at 5% Damping From 2000-Year Return Period Seismic
Input Time Histories

Fault-Normal Fault-Parallel Vertical

Accelerations Velocity Accelerations Velocity Accelerations Velocity

Period Frequency (g) inch/sec. (g) inch/sec. (g) inch/sec.

(sec) (Hz)
2.500 0.4 0.2020 31.05 0.14228 21.87 0.09851 15.15

2.000 0.5 0.2500 30.75 0.20892 25.70 0.12739 15.67

1.667 0.6 0.3084 31.61 0.28255 28.96 0.14389 14.75

1.429 0.7 0.3604 31.66 0.3794 33.33 0.18618 16.36

1.250 0.8 0.4175 32.09 0.44719 34.38 0.20408 15.69

1.111 0.9 0.4485 30.65 0.50923 34.80 0.23842 16.29

1.000 1.0 0.5851 35.98 0.56703 34.87 0.26506 16.30

0.909 1.1 0.5838 32.64 0.63656 35.59 0.28059 15.69

0.833 1.2 0.6480 33.21 0.71335 36.56 0.33617 17.23

0.769 1.3 0.7524 35.59 0.77482 36.65 0.30952 14.64

0.714 1.4 0.7858 34.52 0.85834 37.70 0.38997 17.13

0.667 1.5 0.7393 30.31 0.94301 38.66 0.39032 16.00

0.625 1.6 0.8890 34.17 0.92933 35.72 0.42693 16.41

0.556 1.8 0.8856 30.26 1.12603 38.47 0.47324 16.17

0.500 2.0 1.0783 33.15 1.17603 36.16 0.56712 17.44

Average Velocity 32.51 33.96 16.06
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H/2+8H

2R

Figure 7
Cask Overturning/Tipping

Figure 8
Cask Velocity Trace For Study Run Number 1
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6.0 CONCLUSIONS

In this study, evaluation of sliding and tip-over potential of HI-STORM 100 cask under

seismic input motion has been performed. The HI-STORM 100 cask movements have been

calculated in various ways, from a simple rigid body sliding to a detailed three-dimensional

beam model. It has been demonstrated that a wide range of sliding and uplift displacements

can be obtained based on the selected input values of the local contact stiffnesses and the

coefficient of friction. These local contact stiffnesses are effective before the sliding or

uplift begins. In general, high stiffness values are used for solving sliding and tip over type

problems. The real issue with this approach is that if these stiffnesses are selected too high,

then the program artificially assumes the problem to be linear for a significant duration of

the input motion. Using high stiffnesses could absorb some amount of energy before sliding

actually occurs. Also, with high stiffnesses the "instantaneous" structural frequencies

(before sliding) could also alter the sliding velocities, which would affect the final structural

response during high level ground input motion.

Key insights and observations from our study are summarized below.

* The input time histories used for these evaluations were obtained from reference 4 and

are based on a 2000-year return period seismic event. Reference 4 time histories did not

consider the amplification due to soil structural interaction at the top of ISFSI pad. The

soil structural interaction effect would amplify the time history response on top of the

ISFSI pad. Therefore, the vertical input motion at the base of the cask would be much

higher than those used in this study.

* This study shows that he sliding and rocking displacements are significantly affected by

the local stiffness values used as input in the mathematical model simulation. However,

the sliding displacements should be independent of the local contact stiffness values

used.

* This study shows that using initial high local contact vertical stiffness in Reference 1, 2,

3 significantly minimizes the vertical displacements. This approach also helps in

significantly reducing the horizontal sliding displacements.

* For an unconstrained cask that acts as a rigid body, only frictional forces should provide

energy dissipation mechanism during sliding and rocking.

* This study shows that the sliding and rocking displacements are significantly affected by

using higher damping values during numerical simulation. Reference 1 used a high beta

damping value. Use of high structural damping (ALFA, BETA, or Modal) must be

avoided since the cask acts as a rigid body. A very small damping value should be used

for numerical stability purposes.

* From the numerical study, it is shown that the sliding results presented in References 1,

2, and 3 are unconservative and are not unique. Due to wide variation in cask response

obtained based on input data used, it is recommended that the sliding displacements

presented in References 1, 2 and 3 be based on mathematical models that have been

benchmarked with actual or prototype models based on shake table test data.
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* Since the vertical response alters the cask dynamic reactions significantly, the computed
cask reactions during cask uplift/drop and impact due to vertical amplifications would be
much higher than those used in the pad design. See Reference 1.

* It is possible that for high-level ground input motion, the HI STORM 100 cask could
overturn (i.e., tip over).
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STATE OF UTAH'S PREFACE TO TESTIMONY OF WALTERJ. ARABASZ ON

CONTENTION UTAH L/QQ - Seismic Exemption

I. Background
A. PFS/Staff have presented a "moving target" as to the seismic design basis ground motions:

1. In original 1997 SAIR, PFS uses a deterministic approach.
2. April 1999 Seismic Exemption, PFS requested to calculate DBE using PSHA and 1,000-

year recurrence interval (mean return period, "MPR").

3. Staff did not find 1,000-year MRP acceptable but accepted 2,000-year MRP.

a. 2,000-year MRP accepted by Staff first in PSER, Dec. 1999 then FSER (Sept. 2000).

4. March 2001 PFS changed site-response modeling because of significant changes in

2,000-year MNP ground motions - Peak horiz accelerations increased from 0.528 g to

0.711g.
5. November 2001 PFS documented for the first time its own case for justifying DBE with

2,000-year MRP.
6. Staff continues to rely on same rationale in SSER (Dec. 2001) as it did in the FSER.

II. Unified Contention L/QQ, Section E.
A. Subsection 1. SECY-98-126 Rulemaking Plan provides useful guidance in selection DBE.

1. In the new rulemaking (SECY-01-0178) Commission will solicit comments on range of

probability of exceedance levels from 5.OE-4 through 1.-OE-04 and it has directed Staff

to undertake further analysis to support specific proposal.
2. Key contested issue is the validity of PFS's claim that it has met the Commission's

requirement to show that the 2000-year design standard is sufficiently protective of

public safety and property.
3. Sufficient protection depends on both the probability of occurrence of the seismic event

and the level of conservatism incorporated into design of SSCs.

4. Whether PFS has demonstrated adequate conservatism in design of its SSCs is deferred

to other testimony (Dynamic Analysis, Cask Stability and Lack of Design Conservatism).

B. Radiation exposure, part of sub-section 1 and sub-section 2 is deferred to testimony of Dr.

Marvin Resnikoff.
C. Subsection 3. The issue of using median and mean probability of exceeding SSE is based on

the Staff's faulty reasoning in its use of Reg. Guide 1.165.
D. Subsection 4. Staff's reliance on DOE-STD 1020-94.

1. DOE-STD 1020-94 available to Staff when it drafted SECY-98-126.

2. Inconsistency between Staff's acceptance of 2,000-year MRP in DOE-STD 1020-94 for

PFS's exemption request and 10,000-year NP in SECY-98-126.
3. Staff ignores that DOE-STD 1020-94 design approach is fundamentally coupled to a

target seismic performance goal of 1 x l0o-.
4. Determination of the mean annual exceedance probability of a DBE for the proposed

PFS facility, and whether it ensures sufficient protection, cannot be made independent

of an evaluation of design conservatism (or non-conservatism).
E. Subsection 5. Staff's grant of exemption to INEEL (TMI-2) ISFSI.

1. Circumstances specific to DOE site do not present a compelling precedent for PFS.

a. Design basis ground motions of 0.3 6g for existing higher risk facility (ICCP) at the TMI-

2 ISFSI host site was a consideration of the return period for the INEEL ISFSI.

b. For the INEEL ISFSI there was a site specific radiological risk analysis and finding that

there was a lack of credible mechanism to cause a failure.
2. Design value at INEEL was higher than 2000-year return period mean ground motion



from PSHA - it was on the order of 3,000-4,000 years.
3. SECY-98-126, issued two months after INEEL exemption granted, allowed only 1,000-

year or 10,000-year return periods, depending on risk
4. Sequence of events suggests that INEEL does not serve as a precedent for other Part 72

seismic exemptions.
F. Subsection 6. Inadequate conservatism - higher standard for some structures in Utah and

Staff reliance on 20 year license term instead of 40 year operational life.
1. Defer conservatism to engineering and dynamic analyses expert testimony.
2. Staff's comparison of PSHA's conducted in Utah are irrelevant.
3. Staff's comparison that the probability of exceedance of DE at an ISFSI (20 year

operation) is the same as for pre-closure facility at Yucca Mountain (100 years operation)
means that an ISFSI with a 40 year operational life would have a DEB with a 3,980-year
MRP.

G. Seismic hazards in areas of public safety take into account not just annual frequencies of
occurrence but the exposure time.

1. Risk-acceptance decision specific to the PFS site is not the same as societal global safety
strategy.

III. Conclusion:
A. Key contested issue: whether the 2,000-year design standard is sufficientlyprotective of

public safety and property.
B. Critical part of PFS's claim of sufficient protection is deferred to the State's engineering and

dynamic analysis experts who challenge PFS's lack of design conservatism.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

)
In the Matter of: ) Docket No. 72-22-ISFSI

)
PRIVATE FUEL STORAGE, LLC ) ASLBP No. 97-732-02-ISFSI
(Independent Spent Fuel )
Storage Installation) ) April 1, 2002

STATE OF UTAH TESTIMONY OF DR WALTERJ. ARABASZ
REGARDING UNIFIED CONTENTION UTAH L/QQ

(Seismic Exemption)

Q. 1: Please state your name, affiliation, and qualifications.

A. 1: My name is Dr. Walter J. Arabasz. I am a Research Professor of Geology
and Geophysics at the University of Utah in Salt Lake City, Utah, and also Director of the
University of Utah Seismograph Stations. I have more than 30 years' professional
experience in scientific research, consulting, occasional teaching, and publishing articles in
observational seismology, seismotectonics, and earthquake hazard analysis with a primary
focus on Utah and the Intermountain West.

Since 1977 I have routinely provided professional consulting services on earthquake
hazard evaluations for dams, nuclear facilities, and other critical structures and facilities.
Since the mid-1980s I have been directly involved in methodology development and
applications of probabilistic seismic hazard analysis. During the past decade I have had
major involvement in assessing vibratory and fault-displacement hazards for the high-level
nuclear waste repository at Yucca Mountain, including serving on a Peer Review Group for
Early Site Suitability Evaluation, reviewing technical reports, and serving on expert teams for
seismic source characterization for probabilistic hazard analyses.

My service on numerous national and state advisory boards and panels has included
- relevant to this filing - serving on the National Research Council's Panel on Seismic
Hazard Evaluation (1992-96), the Utah Seismic Safety Commission (1994 to present; chair,
1997-2001), and numerous panels and work groups under the National Earthquake Hazards
Reduction Program since the early 1980s. My aluriadwemzih is included as State's Exhibit
123.
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Q. 2: What is the purpose of your testimony?

A. 2: The purpose of mytestimonyis to explain the basis for my professional
opinion that, within my areas of expertise, the NRC Staff has presented a flawed rationale
for recommending that Private Fuel Storage, LLC ("PFS") be granted an exemption from
existing regulations and to elaborate on the rationale that PFS has recently presented to
support its exemption request.

Q. 3: Describe, generally, your role in assisting the State in the PFS
proceeding.

A. 3: I was designated one of the State's testifying experts with respect to
Contention Utah L, Basis 2. This portion of the original geotechnical contention, Utah L,
was incorporated into the unified contention Utah L/QQ as section B and has been
resolved by stipulation. I have also been designated as a testifying witness for Section E of
the unified contention; this portion of the unified contention is a consolidation of Utah L,
Part B and it deals with PFS's request to the NRC to be exempted from basing their seismic
design on the results of a deterministic seismic hazard analysis; instead PFS requests that it
be allowed to base its seismic design on results from a probabilistic seismic hazard analysis
for a 2,000-year return period.

My involvement in the PFS proceeding as a technical expert for the State has
included review of the Applicant's SAR sections, and updates thereof, relating to its
earthquake hazards investigation of the proposed site and relevant reports and other
documents prepared by the Applicant or its contractors and submitted to the NRC or
produced to the State in discovery, assisting the State in answering and preparing discovery,
review of the NRC Staff's preliminary, final and supplemental Safety Evaluation Report
("SER") for the PFS facility as well as the Staff's Position on Utah L (April 28, 2000).

In response to PFS's request to be exempted from 10 CFR § 72.102(f)(1), I assisted
the State in preparing late filed contentions to modify basis 2 of Contention Utah L.2 I was
deposed byPrivate Fuel Storage, LLC ("PFS") on October 31, 2001 and I was present when,
shortlythereafter, the State deposed PFS witness, Dr. C. Allin Cornell, on the
appropriateness of using probabilistic seismic hazard methodology with a 2,000-year return
period. When PFS filed for Summary Disposition of Utah L, Part B (November 9,2001), I
gave my primary attention to PFS's Motion, its Statement of Material Facts, and the attached
declaration of Dr. C, Allin Cornell, and I provided a declaration in support of the State's

' Dated December 15, 1999, September 29, 2000 and December 21, 2001
respectively.

2 The State filed modification requests on January 26, 2000 and November 9, 2000.
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December 7, 2001 Response and Opposition thereto.

Q. 4: Please describe the evolution of the seismic design basis ground
motions at the PFS site?

A. 4: I first became involved in providing technical expertise to the State of Utah
regarding seismic hazards at the PFS facility in August 1998. Since then, considerations by
both the Applicant and the NRC Staff regarding the seismic design basis ground motions -
or, for simplified reference, the design basis earthquake ("DBE") - for the PFS facility have
continually evolved, providing a "moving target" for critical evaluation. Some of the
noteworthy stages in this process include:

1. PFS's submission of its Safety Analysis Report in 1997 in which a
"deterministic" approach was used for establishing the DBE aimed at meeting
requirements of 10 CFR72.102(f)(1).

2. PFS's Request for Exemption to CFR 72.102(f) (1) (April 2, 1999) in which
PFS requested to calculate the DBE using a probabilistic seismic hazard analysis
("PSHA") and a 1,000-year recurrence interval.

3. The Staff's review of the PFS's request and finding that use of a 1,000-year
return-period value was not acceptable - but that use of a PSHA with a 2,000-year
return-period value could be acceptable for reasons provided by the Staff (Staff's
PreliminarySER ("PSER") (December 15, 1999) at 2-44 to 2-45.

4. The Staff's finding the PSHA with a 2,000-year return period acceptable (Final
SER, "FSER", September 29, 2000, at 2-41 to 2- 42);

5. PFS's changes in site-response modeling for the PFS site in March 2001, which
resulted in significant changes to the 2,000-year retum-period ground motions,
including an increase in the peak horizontal acceleration from 0.528 g to 0.711g (see
SER Supplement No. 2, "SSER", December 21, 2001) at 7 and 21-23).

6. PFS's Motion for Summary Disposition of Utah L Part B (November 9, 2001)
in which PFS has presented, for the first time in a documented way, its own case for
justifying a DBE with a 2,000-year mean return period ("MRP").

7. The Staff's continued reliance on the same rationale in its SSER as in the
FSER to find acceptable a PSHA with a 2,000-year return period - despite many
concerns raised by the State regarding non-conservatism in the engineering design of
the PFS facility.
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Q. 5: Please describe the famework of your testimony.

A. 5: I will frame my testimony as follows. First, I will briefly revisit the original
issue of a deterministic seismic hazard analysis ("DSHA"). Then I will address those issues,
within my scope of expertise and testimony, associated with unified Contention Utah
L/QQ, Section E. In my testimony I will address issues that arose directly from arguments
put forward by the Staff to justify a seismic exemption for the PFS facility (allowing a
probabilistic DBE with a 2,000-year MRP) as well as new issues, relevant to my area of
expertise, raised in PFS's Summary Disposition Motion. I might add that PFS's Motion for
Summary Disposition provides the latest rationale offered by PFS for its seismic exemption
request.

Q. 6: Do you have any comments about the Deterministic Seismic Hazard
Analysis for the PFS site?

A. 6: In previous submissions to the NRC, I stated that PFS had not conducted a
fully deterministic seismic hazard analysis ("DSINA") as required by 10 CFR 5 72.102(f) (1)
and, by reference, 10 CFR 100 Appendix A. The NRC Staff has acknowledged that the
DSHA performed by Geomatrix Consultants, Inc. for the PFS facility and reported in the
1997 SAR and the updated DSHA reported in April 1999 "did not meet the deterministic
requirements in 10 CFR 100 Appendix A."3

A later updated DSHA by Geomatrix Consultants, Inc. reported in April 2001
follows the same methodology as earlier and presumably would also not meet the
deterministic requirements of 10 CFR 100 Appendix A.

The relevance of a valid DSHA, other than being required by current NRC
regulations, is that it establishes a benchmark to which results of any probabilistic seismic
hazard analysis can correctly be compared to evaluate the conservatism of the PSHA results,
such as earlier done for the NRC Staff by Stamatakos et al.4

3 NRC Staff's Objections and Responses to the "State of Utah's Sixth Set of
Discovery Requests Directed to the NRC Staff (Utah Contention L)" (February 14, 2000),
Response to Requests for Admissions 1 and 2 at 7-8.

4 See Stamatakos, Chen, McCann & Chowdhury, Seismic GCAd Maion and Faulting
Hazard at Piinte Fuel Storage Facilty in te Skul Valley Indian Reserztion, Toode Coprt Utab -
FinlRepot (September 1999) at 2-46.
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Q. 7: Please describe your concerns about Subsection E.1 of the Unified
Contention Utah L/QQ.

A. 7: Unified Contention L/QQ, Sub-section E.1 states:

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. S 72.104(a) must be designed for SSC Category 2, without
any explanation regarding PFS SSC compliance with section
72.104(a).

The scope of mytestimonywith respect to subsection 1 excludes radiological dose
consequences. Subsection 2, which also deals with radiological dose limits, is similarly
outside the scope of my testimony.

The State has challenged the NRC Staff's proposal to grant an exemption request to
PFS that would allow use of a DBE with a 2,000-year return period; the State argued, in part,
that the NRC Rulemaking Plan set forth in SECY-98-126 June 4, 1998) provides only two
alternatives for design basis ground motions: a 1,000-year return period or a 10,000-year
return period. 5 The Staff has rejected the use of a 1,000-year return period. FSER at 2-41.
The Commission has instructed that the State "may not rely solely on the rulemaking plan
[SECY-98-126] to prove its contention." CLI-01-12, 53 NRC416 June 14, 2001), slip op.
at 16. At the same time, the Commission instructed that "PFS is not bound by the
rulemaking plan, but it does have the burden to show that the 2000-year design standard is
sufficiently protective of public safety and property." Id.

In its Motion for Summary Disposition PFS argued, in part, that non-compliance of
a 2,000-year return period with SECY-98-126 is now mooted because the Staff has
recommended a Modified Rulemaking Plan in which use of a DBE with a 2,000-year MRP is
proposed for dry-cask ISFSIs. Whether the latter indeed moots the issue is questionable in
light of the Commission's recent issuance of Staff Requirements Memorandum 6 relating to
SECY-01-0178 (September 26, 2001), wherein the Commission writes:

5 State of Utah's Request for Admission of Late-filed Modification to Basis 2 of Utah
Contention L (November 9, 2000) ("Request for Modification of Utah L") at 6-7.

6 Staff Requirements Memorandum to William D. Travers dated November 19,
2001, included as State's Exhibit 124.
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Central to this rulemaking is the determination of the mean annual
exceedance probability of an earthquake at a proposed ISFSI. The
proposed rule should solicit comment on a range of probability of
exceedance levels from 5.0E-04 through 1.0E-04. Staff should
undertake further analysis to support a specific proposal.

Q. 8: What do you consider to be the key issue in subsection 1?

A. 8: The key contested issue linked to subsection 1 is the validityof PFS's claim
that it has met the Commission's requirement to show that "the 2000-year design standard is
sufficiently protective of public safety and property."7 PFS's claim fundamentally rests on
the proposition that sufficient protection "depends on both the probability of occurrence of
the seismic event (often expressed as the mean annual probability of exceedence or
"MAPE" of a given earthquake level) and the level of conservatism incorporated in the
design procedures and criteria."' I agree with the proposition - but the latter critical part of
PFS's claim of sufficient protection is challenged by the State's engineering and dynamic
analyses experts, who dispute PFS assertions that it has demonstrated adequate conservatism
in design of SSCs at the PFS facility. Here, and ultimately at the end of my testimony, I
defer to these experts for more complete discussion of their disputes, which go the heart of
"appropriately conservative" and "sufficiently protective" design of the PFS facility. Se
Testimony of Dr. Steven F. Bartlett and Dr. Farhang Ostadan (Dynamic analysis); Dr.
Ostadan and Dr. Mohsin R Khan (Cask stability), and Dr. Ostadan and Dr. Bartlett (Lack of
design conservatism) (hereafter "Engineering and Dynamic Analyses Expert Testimony").

Q. 9: Please describe your concerns about Subsection E.3 of the Unified
Contention Utah L/QQ.

A. 9: Subsection E.3 of the unified Contention Utah L/QQ, states:

The staff'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

7 PFS's Motion for Summary Disposition at 10.

8 Id. at 6.
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probabilities for exceeding an SSE for the PFS facility.

In its Request for Modification of Utah L, the State evaluated the rationale put
forward by the Staff in its September 2000 SER to justify a DBE with a 2,000-year return
period for the PFS facility and characterized the Staff's reasons as ad hoc and either flawed or
not compelling.9 Subsection 3 concerns a series of three statements made by the Staff
leading to the conclusion: "On the basis of the foregoing, the mean annual probability of
exceedance for the PFS Facility may be less than [sic] 10-4 per year." FSER at 2-42. The
Staff's flawed reasoning, as presented, was to posit that a design ground motion (for an SSE)
at the PFS site which had a median reference probability of exceedance of 10' as defined in
Regulatory Guide 1.165 would be the same as a design ground motion with a mean annual
probability of exceedance of 1 0 '.

Q. 10: Do you believe there has been a misperception about the issue the
State has raised in Sub-section 3?

A. 10: Yes I do.

In support of PFS' Motion for Summary Disposition, Dr. Cornell challenges
Subsection 3 - formerly Utah L, Part B, Basis 3 - on various grounds and concludes that
"the argument raised by the State in Basis 3 is inconsequential and irrelevant to the issue
whether a 2,000-year earthquake should be used at the PFSF." Declaration of C. Allin
Cornell ("Cornell Dec.") at ¶40. What remains relevant is the benchmark for an SSE at the
PFS site if the DBE for an ISFSI is to be compared to that benchmark as was done by the
Staff in its September 2000 SER. Absent a determination by the Staff along the lines of Dr.
Cornell's beliefs of what the Staff "today would both select and prefer" (Cornell Dec. 135),
or "can reasonably be expected to revert to" (id. 137), or "would likely conclude" (id. 138),
or "would today not only accept but prefer" (id. ¶39), the State relied on guidance in
Regulatory Guide 1.165 and on corresponding commentary by the Staff. Murphy et al.,
Reds ion of Seisinc and Gencbgk Siting Cnitena, Transactions of the 14 ' International Conference
on Structural Mechanics in Reactor Technology (August 17-22, 1997), 1-12, included as
State's Exhibit 125.

Dr. Cornell states that "The provision in Regulatory Guide 1.165 that a median value
of 10-5 could be used is only the result of historical circumstances ... [involving] a significant
discrepancy in the assessment of the mean estimates between the two major CEUS seismic
hazard studies then available ... [which has] since been resolved.. ." (Cornell Dec. ¶36).
This assertion is at odds with the following commentary bythe Staff in 1997:

It should be noted that this RP [Reference Probability of 1E-5/yr] is

9 Request for Modification of Utah L at 7.
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calibrated with the past design bases, it is not derived directly from any
quantitative risk or safety goals. In fact, one of the reasons for using
the median hazard curve in the regulatory guide approach is that the
controlling earthquakes resulting from the de-aggregation of the
median hazard curve are very similar to those used in the past licensing
from the deterministic procedures.

Murphy et al. (1997) op. cit. at 7.

A similar commentary by the Department of Energy notes the following:

In developing Regulatory Guide 1.165, NRC staff considered whether
to define the reference probability as a mean or median value. The
mean value has the advantage of better reflecting the uncertainty in the
seismic hazard evaluation (i.e., it is sensitive to the range of
interpretations of seismic source zone configurations, earthquake
magnitude recurrence relationships, and ground motion attenuation
relationships). However, precisely because the median is less sensitive
to uncertainties, it provides a more stable regulatory benchmark than
does the mean. Another consideration leading to the staff's preference
for the median was the finding that, when median hazard curves were
disaggregated, the magnitudes and distances of the controlling
earthquakes tended to be more sharply defined and to agree better with
the safe shutdown earthquakes of the selected plants than when mean
hazard curves were disaggregated (Bernreuter et al. 1996).

DOE Topical Report YMP/TR-003-NP, 1997) at §3.1.2.1; see Exh. 3 to Cornell's Dec. in
PFS's Motion for Summary Disposition at pages 2-3 of 7.

From the above discussion, it is not the State's argument that a median estimate
should be used "in lieu of the mean estimate for the design of nuclear power plants, and
similarly for ISFSIs . . ." PFS's Statement of Material Facts on Which No Genuine Dispute
Exists at ¶119. Rather, the argument rests with the Staff's guidance in Regulatory Guide
1.165. Therein the procedure is specified for determining the reference probability, the
annual probability of exceeding the SSE, at future nuclear power plants: "This reference
probability [median annual exceedance probability of 1.OE-05] is also to be used in
conjunction with sites not in the Central and Eastern United States (CEUS) ... However,
the final SSE at a higher reference probability may be more appropriate and acceptable ...
for some sites . . . Reference B.4 includes a procedure to determine an alternative reference
probability on the risk-based considerations; its application will also be reviewed on a case-
by-case basis." Regulatory Guide 1.165 at 12.
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Q. 11: Please describe your concerns about Subsection E.4 of the Unified
Contention Utah L/QQ.

A. 11: Subsection E.4 of the unified contention Utah L/QQ, states:

In supporting the grant of the exemption based on 2000-year return
period, the staff relies upon 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.

The Staff's reliance on DOE-STD-1020-94 in its December 1999 PSER, its
September 2000 FSER and its December 21, 2000 SSER to justify a DBE with a 2,000-year
return period for the PFS facility suffers from two circumstances. First, DOE-STD-1020-94
was fully available to, and was referenced by, the Staff when it drafted its 1998 Rulemaking
Plan (SECY-98-126). Yet the Staff chose in its 1998 Rulemaking Plan not to propose the
use of a 2,000-year return period for ISFSIs. Second, the Staff cited the 2,000-year return
period (mean annual probability of exceedance of 5 x 10-) for Performance Category-3
("PC3") SSCs without acknowledging that in the design approach of DOE-STD- 1020-94,
the MAPE for PC3 is fundamentally coupled to a target seismic performance goal of 1 x 10-4
(the annual probability of exceedance of acceptable behavior limits). DOE-STD- 1020-94 at
B-7toB-8.

PFS's Motion for Summary Disposition is replete with acknowledgments that, just as
in the overall design approach of DOE-STD-1020-94, there should be a coupling of the
hazard exceedance probability and a level of conservatism in design procedures that together
ensure a desired performance goal. For example:

[T]he risk of failure of a facility or structure depends on both the
probability of occurrence of the seismic event (often expressed as
the mean annual probability of exceedence or "MAPE" of a
given earthquake level) and the level of conservatism
incorporated in the design procedures and criteria. Cornell Dec.
113.

PFS's Motion for Summary Disposition at 6.

As discussed above, the level of safety achieved depends on both
the earthquake threat definition and the design procedures and
criteria utilized to protect against that threat; thus, looking only at
the earthquake return period is incorrect.

9



Id. at 15.

Two factors are relevant to determining the likelihood of seismic
failure of a facility or structure due to an earthquake event. These
are (1) the seismic design basis earthquake ("DBE") for the
facility or structure and (2) the conservatisms embodied in the
codes and standards applicable to its seismic design. Cornell
Dec. 1118-19; see also Arabasz Dep. at 41-42, 81-84, 115-117.

PFS's Statement of Material Facts on Which No Genuine Dispute Exists, ¶12.

While the risk-graded approach is implemented in somewhat
different ways in the various fields of seismic design, the
standards of practice almost invariably utilize a DBE defined at
some mean annual probability of exceedance and a set of design
procedures and acceptance criteria.

Cornell Dec. T18.

Both the MAPE of the DBE and the level of conservatism
incorporated in the design procedures and criteria affect the
failure probability of seismically-designed facilities and structures.
... [It is important to understand that both the MAPE and the
level of conservatism in the design procedures and criteria must
be considered when assessing and comparing the safety
implications of various seismic design standards.

Cornell Dec. 119.

The discovery and deposition process for Contention Utah L, Part B, has led me to
the opinion that determination of the mean annual exceedance probability (or equivalent
return period) of a DBE for the proposed PFS facility, and whether it ensures sufficient
protection, cannot be made independent of an evaluation of conservatism (or non-
conservatism) in design procedures.

Q. 12: Do you have any comment on DOE Standard 1020-01?

A. 12: A final point of particular relevance to Subsection 4 is the recent release of
Revised DOE Standard 1020-2001 for review and comment. Memorandum from Richard
L. Black to Technical Standards Program Managers dated August 22, 2001. For PO the
revised standard changes the MAPE from 5 x 10-4 (2,000-year return period) to 4 x 10-4
(2,500-year return period) while retaining the same target seismic performance goal of
1 x 10-4 per year for sites not near tectonic plate boundaries. Revised DOE-STD- 1020-2001,
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Table C03 at G6, included as State's Exhibit 126. The new DOE-STD-1020-2001 was
released before the Staff issued the SSER yet the Staff makes no mention of it and still relies
on the 1994 version.

Q. 13: Please describe your concerns about Subsection E.5 of the Unified
Contention Utah L/QQ.

A. 13: Subsection E.5 of the unified contention Utah L/QQ, states:

In supporting the grant of the exemption based on 2000-year
return period, the staff 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 (TvfI-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 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.

In my opinion, circumstances specific to the seismic exemption awarded to DOE for
the TMI-2 ISFSI at INEEL (SECY-98-071, April 8, 1998) do not justify using the
exemption as a compelling precedent for the PFS exemption request.

The design basis of an existing higher risk facility, namely the Idaho Chemical
Processing Plant ("ICPP"), at the host site for the TMI-2 ISFSI was a definite consideration
in DOE's proposal of a DBE for the ISFSI." Under existing DOE design standards at
INEEL, based on DSHA results from the 1970s, the peak design basis horizontal
acceleration for the ICPP was set at 0.36 g, including effects of soil amplification." DOE
proposed to use the same acceleration for the DBE for the TMI-2 ISFSI. In an analysis for
the NRC, the regulatory problem was stated this way.

[T]he DOE-proposed design PHA of 0.36 g does not bound the
most recent 84th-percentile deterministic value of 0.56 g and 10,000-
vr return period probabilistic value of 0.47 g. Therefore, a judgment

10 Chen and Chowdhury, Seismic Grund Mdtion at Thrw Mile Island Unit 2 Independent
Spent Fuel Storage hrtallation Site in Idaho National E r~nwnrg and E nzimmnal Laboratoy -
Final Report June 1998), excerpts included as State's Exhibit 127, at 4-1.

"Id.
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of whether the DOE-design approach is acceptable depends on
whether there are regulatory and technical bases to accept an ISFSI-
design value that bounds the 50th-percentile deterministic value and
the 2,000-yr return period probabilistic value.['2 ]

Ultimately, DOE was allowed to use a design earthquake with 0.36 g peak horizontal
acceleration (together with an appropriate response spectrum) for the TMI-2 ISFSI. SECY-
98-071 at 3. What the NRC approved in terms of a design-basis ground motion was a
design value higher than the 2,000-year return period mean ground motion from the PSHIA
In their analysis for the NRC, Chen and Chowdhury provided information showing that the
0.36 g horizontal design value for the ISFSI soil site lies between the 2,000-year probabilistic
value of 0.30 g and the 10,000-year probabilistic value of 0.47 g. Id. at 3-5 (State's Exh. 127).
Although the report by Chen and Chowdhury does not contain sufficient information to
identify precisely the return period corresponding to 0.36 g on soil, the bounding
probabilistic values for 2,000 years (0.30 g) and 10,000 years (0.47 g) suggest that 0.36 g
corresponds to a return-period value on the order of three to four thousand years (the
precise return period would have to be determined from the original PSHA data). Thus, a
2,000-year return period for the PFS facility would be significantly lower than what was
approved for the INEEL ISFSI.

Another factor that significantly influenced the Staff's approval of the TMI-2 ISFSI
exemption was a site-specific radiological risk analysis coupled with "the lack of a credible
mechanism to cause a failure." SECY-98-071 at 3.

On April 8, 1998, the NRC informed the DOE, "Since the rulemaking to revise the
Part 72 seismic requirement for ISFSIs is unlikely to be completed before issuance of the
TMI-2 ISFSI license, the staff intends to grant the exemption as requested if the
Environmental Assessment (EA) is favorable." SECY-98-071 at 3. Two months later in
June 1998, the Part 72 Rulemaking Plan (SECY-98-126) was released with allowance only
for design basis ground motions with mean annual probabilities of exceedance
corresponding to return periods of 1,000 years or 10,000 years, depending on risk This
sequence of events, in my opinion, does not support PFS's assertion that "there is no doubt
that at the time the INEEL exemption was approved, the NRC Staff and the Commission
expected (and intended) that it would serve as a precedent towards the granting of similar
exemptions in the future." PFS's Motion for Summary Disposition at 14.

Q. 14: Please describe your concerns about Subsection E.6 of the Unified
Contention Utah L/QQ.

A. 14: Subsection E.6 of the unified contention Utah L/QQ, states:

2 Id. at 4-2.

12



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.

PFS's witness, Dr. Cornell, addresses the relative comparison of a DBE with a 2,000-
year mean return period proposed for the PFS facility with the higher return period value of
approximately 2,500 years required by the International Building Code 2000. Cornell Dec.
146. He states:

One should not draw the erroneous conclusion, however, that this
difference in the definition of the DBE implies a lower probability of
failure for SSCs designed to IBC-2000 versus those, such as the
PFSF, designed to the 2,000-year MRP and the NRCs SRP design
procedures and criteria.

Id. Granting that "the safety achieved depends on boh the DBE MRP and the design
procedures and criteria utilized" id.), the contested issue once again becomes the
conservatism (or non-conservatism) in design of SSCs at the PFS facility. As in Answer No.
8 above, I defer the latter issue to the State's engineering and dynamic analyses experts
(including implications for the analogous situation of comparing a 2,000-year MNP DBE for
the PFS facility with a 2,500-year MRP DBE for new highway bridges in Utah). See
Engineering and Dynamic Analyses Expert Testimony.

I might add that the Staff's comparison between probabilistic ground motions used
for the design of new Interstate 15 highway bridges in the Salt Lake Valley and those
proposed for use at the PFS site is partially erroneous and, in any case, irrelevant due to the
many differences between the two sites. See SSER at 18.

Part (b) of Subsection 6 (the significance of a 20-year initial licensing period versus a
30- to 40-year total operational period) concerns a metric the Staff put forward for justifying
the adequacy of a 2,000-year return period for seismic design of the PFS facility, namely, a
99-percent probability that the DBE not be exceeded in the 20-year licensing period of the
facility. The Staff wrote:

Considering the radiological safety aspects of a dry spent fuel
storage facility, conservative peak ground motion values that
have a 99 percent likelihood of not being exceeded in the 20-
year licensing period of the facility are considered adequate
for its seismic design. This exceedance probability
corresponds to a return period of 2,000 years.
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PSER at 2-45. The Staff again relies on this same metric in its recent Modified Rulemaking
Plan as one basis to justify the proposed mean annual probability of 5 x 10' (return period
of 2,000 years) for a DBE for dry-cask ISFSIs. Attachment to SECY-01-0178 at 7.
Therein, the Staff argues:

The total probability of exceedance for a design earthquake at an
ISFSI facility with an operational period of 20 years (20 years x 5.OE-
04 = 1.OE-02) is the same as the total probability of exceedance for
an earthquake event at the proposed pre-closure facility at Yucca
Mountain with an operational period of 100 years (100 years x 1.OE-
04 = 1.OE-02).

Id. Using this metric, a facility with an operational life of 40 years would have to have a
DBE with a mean return period of 3,980 years. State of Utah's Objections and Responses to
Staff's First Set of Formal Discovery Requests to State of Utah (November 5, 2001), Answer
to Interrogatory No. 1 at 8-10.

PFS's witness, Dr. Cornell, attacks Subsection 6(b) of Utah L (now E.6(b) of Unified
Contention Utah L/QQ) stating:

This contention is unfounded because in virtually all areas of public
safety hazards are measured as annual probabilities (or frequencies)
of occurrence, regardless of the length of the activity in question, the
exposure time, the estimated facility life, or the licensing duration
[Ref. 12 (Pat6-Comell paper)].

Cornell Dec. ¶49. In my deposition, I deferred to probability experts, including Dr. Cornell,
when asked, "Do you have an opinion as to whether risks should be expressed on an annual
basis or the total life of a facility?" Arabasz Dep. at 51-52. However, I beg to differ with
Dr. Cornell's statement above and will elaborate.

Q. 15: Please elaborate on how considerations of seismic hazards in areas of
public safety commonly take into account the exposure time and not just the annual
probabilities (or frequencies) of occurrence.

A. 15: One of the well-established standards for portraying ground-shaking
hazard in the United States is the suite of national seismic hazard maps published by the U.S.
Geological Survey. "The hazard maps depict probabilistic ground motions and spectral
response with 10%, 5%, and 2% probabilities of exceedance (PE) in 50 years." National
Seisnic-HazardMaps.: DwntationJun 1996, USGS Open.File Report 96-532 at 1. These maps
provide reference ground motions for the International Building Code 2000. Dr. Cornell
and I were co-members of a Review Panel for the USGS national maps in 1996.
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Another well-established standard linked to building codes is the NEHRP
RaonlnedPrsionforSeismeisRegu/atiozforNewBuilr& and OQerS retn~s, 1997Edkion
(FEMA 303) ("Provisions"). The Commentary to the Provisions states:

In past editions of the Prozisuon, seismic hazards around the nation
were defined at a uniform 10 percent probability of exceedance in 50
years .... While this approach provided for a uniform likelihood
throughout the nation that the design ground motion would not be
exceeded, it did not provide for a uniform margin of failure for
structures designed to that ground motion.... The approach
adopted in these Prozisio is intended to provide for a uniform
margin against collapse at the design ground motion.... For most
regions of the nation, the maximum considered earthquake ground
motion is defined with a uniform likelihood of exceedance of 2
percent in 50 years (return period of about 2500 years.)

Provisions, Part 2- Commentary at 37.

The National Research Council's Panel on Seismic Hazard Analysis noted the
following:

[A]TC-3 (Applied Technology Council, 1978) has suggested
the design seismic hazard level should have a 10 percent
probability of exceedance in 50 years, which corresponds to
an annual exceedance probability of about 2 x 10-3.... The
proposed Department of Defense tri-services seismic design
provisions Joint Departments of Army and Air Force, USA,
1985) suggests [sic] for category II facilities a dual level for
the design seismic hazard. Such facilities should remain
essentially elastic for seismic hazard with about a 50 percent
probability of exceedance in 50 years or about a 1 x 10'2
annual exceedance probability and should not fail for a
seismic hazard that has about a 10 percent probability of
exceedance in 100 years . . ."

Panel on Seismic Hazard Analysis, Probabiistic SeismicHazardA nalsis, National Academy
Press, Washington, D.C (1988) at 31-32.

Procedures for estimating the probability of exceeding some level of ground motion
during an exposure period of interest are commonly given for design guidance. For
example, DOE-STD- 1020-94 includes such a procedure at A- 1, and Leon Reiter in his text,
Eadhquake Hazard A nalysis, similarly includes such a procedure, including a graph from
NUREG/CR- 1582, 2 (1980), for relating return period, period of interest and desired
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probabilities of exceedance during the period of interest. L. Reiter, Earthquake Hazawd
A nal~ss, Columbia University Press (1990) at 185.

The cited paper by Pate-Cornell does not convincingly establish as a norm for public
safetythat "hazards are measured as annual probabilities (or frequencies) of occurrence,
regardless of the length of the activity in question, the exposure time, the estimated facility
life, or the licensing duration." Cornell Dec. ¶49. First, in the context of noting that
"current PRA [probabilistic risk analysis] methodology tends to focus on the technical causes
of system failure" (while ignoring human and organizational factors), Pate-Cornell writes:
"Classical technical PRA's tend to focus on the probability that an extreme value of the
loads to which a system may be exposed (during a given year or lifetime) exceeds its

capacity." Pate-Cornell paper at 148, footnote 4, underlining added. Second, while hardlya
commentary on "virtually all areas of public safety," the paper reviews five precedents as
examples of safety targets: (a) nuclear power plants in the U.S., (b) cancer risks in the U.S.,
(c) offshore oil and gas industry in Norway, (d) fatality accident rate in the U.K., and (e) the
Dutch government standards. Significantly, cases (b) and (d) involve risk measured per
individual or worker lifetime. In case (c) the Norwegian Petroleum Directorate temporarily
adopted a severe-accident criterion in terms of an annual probability of major initiators of
platform failure but "recently backed away from their severe-accident criterion ... because
this criterion was leading to a 'numbers game' that seemed to be distracting both the industry
and the regulators from fundamental safety issues. . ." Id. at 150. Third, after discussing
issues that have emerged in recent years in safety debate, Pate-Cornell proposes an approach
to a global safety strategy, of which one element (of six) is that "it should be ensured that the
amdaprobbiiLy ofcausvhicfaildre (the severe accident criterion) is less than a specified
threshold, e.g., 10 ' per year." Id. At 151. Fourth, the cited paper includes discussion of
"time horizon" as a relevant risk factor, albeit in the context of shorter lifetime of aging
facilities versus new ones.

Dr. Cornell attempts to bolster his argument by noting that "risk acceptance
guidelines promulgated by the NRC' (for nuclear power plants) are in terms of annual risk
for Core Damage Frequency and Large Early Release Frequency. Nevertheless, within a
context of evolving regulatory guidance for ISFSIs, the Staff itself uses the metric of total
probability of exceedance during a 20-year operational period to justify a DBE with a 2,000-
year mean return period for dry-cask ISFSIs. Attachment to SECY-01-0178 at 7, included
as State's Exhibit 128.

Finally, Dr. Cornell explains the reasons for focusing on annual risks in making
safety decisions, in part, because "anyfacility providing a needed service will, at the end of
its operating life, most likely be replaced by some other facility used for the same purposes
with its own, similar risks." Cornell Dec. 149. While consideration of risk involving where
spent fuel is now stored or may eventually be stored in the future at Yucca Mountain may be
relevant for a societal global safety strategy (such as described in the Pate- Cornell paper), the
issue at hand is a risk-acceptance decision specific to the PFS site.
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Q. 16: Do you have anything further to add?

A. 16: In my testimony I have attempted to systematically address each of the
subsections, within my scope of expertise and testimony, associated with unified contention
Utah L/QQ, Section E. In myopinion, the keycontested issue is the validityof PFS's claim
that it has met the Commission's requirement to show that "the 2000-year design standard is
sufficiently protective of public safety and property" as called for by the Commission in
CLI-01- 12. PFS's claim fundamentally rests on the proposition that sufficient protection
"depends on both the probability of occurrence of the seismic event (often expressed as the
mean annual probability of exceedence or "MAPE" of a given earthquake level) and the
level of conservatism incorporated in the design procedures and criteria."'3 I agree with the
proposition - but the latter critical part of PFS's claim of sufficient protection is challenged
by the State's engineering and dynamic analyses experts, who dispute PFS assertions that it
has demonstrated adequate conservatism in design of SSCs at the PFS facility. I defer to
these experts for more complete discussion of their disputes, which go the heart of
"appropriately conservative" and "sufficiently protective" design of the PFS facility. See
Engineering and Dynamic Analyses Expert Testimony.

Q. 17: Does this conclude yourtestimony?

A. 17: Yes.

" PFS's Motion for Summary Disposition at 6.
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ABSTRACT

In September of 1990. the U S. Nuclear Regulatory Commission (NRC) began the formal

process to revise the seismic and geologic siting criteria for nuclear power plants. This

process is now complete and the revised criteria have been promulgated. During the course

of the revision. two draft versions were issued for public comments and extensive inicractions

took place between the NRC and the industry, This paper lescribes the new siting criteria and

associated regulatory guidance.

1.0 INTRODUCTION

Thex U.S. seismic siting regulation. 'Seismic and Geologic Siting Criteria for Nuckear Power

Plants.' Appendix A to 10 CFR Pail 100. bt-,amc effective in December. 1973 (hef. 11..

Although it has been a relatively successful licensing tool for over two decades, significant

difficulties hase been encouratere' in applying it. For example. there have been subistantial

advances in the geosciences. and becausc of the inherent inflexibility of a regulation. it has

been difficult or impossible to accommodate these changes or to modify the criteria.

Furthermore. Appendix A is based on deterministic seismic hazard concepts. and the large

uncertainties intrinsic to geoscienecs such a% c'ri sources and ground motions, are not

quantitatively taken into account.

Attempts to revise the regulation were started as% early as 1979. Ref.2 !ocumnent the

majo; issues involved and provided strong justification to revise the regulation. However, it

was not until 1990 that official tevision of Appendix A began.

During the period 1990 throu-'h 1995 the proposed regulations and draft guidance

documents werc prepared. and the new methodologies thcy invoked were developed and

tcestcd. From the onset, it was decided that Appendix A to 10 (7FR Part 100 wcjld t,
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retained and continue to apply to operating plant tilht received their license% prior to

publication of the new regulation.
In developing the new regulation. it was decided lo % parate siting from design.

Therefore, the enginecring ponions ol Appendix A wvere transferred tO 1() CFR Pan '5O in a

new Appendix S iRcf.3).
The geosciences portion ol Appendix A was condensed to general requirements only.

rhe prescriptive elements were placed in Regulatory Guide 1. 165 iRef.4). Th. new

regulations. Section 100.23 to P"a I(M) Ref.5). G-Jologic and Seismic Siting Factors. and

Appendix S to Part 50 were published in December 1996 with the effective (late of January

10. 1997. The regulatory guides were published in March 1997. The new regul-itions and

guides are applicable to future plants.

2.0 REVISED SEISMIC AND GEOLOGIC SITING AND EARTHQUAKE ENGINEERLNG

CRITERIA

2.1 Siting Criteria
The revised seismic and geologic siting regulation. I() CFR 1(0) 23. requires that geological.

seismological. and engineering characteristics of a site and its environs be investigated in

sufficient scope and detail to permit an evaluation of the proposed site. to provide sufficient

information to determine the Safe Shutdouwn Earthquake Giound Motion (SSE). to permit

engineering solutions to geologic and semsinc effects. to assess the pktential for surface

deformations, and to establish the design bases for scismically induced fltixds and water

waves. and other design conditions at the proposed site.

Selected portions of the rule arc repioduced below. With respect to the intent of the

regulation, the rule states the following:

,§ 100.23 Geologic and seismic siting Ja ctrs.

77uis section sels forth ti/i principal geologic and seismic- considerations that guide

the Commission in its evaluation of the suitability of aI proposed site and adequady of the

design bases established in consideration of ihe yeologic and seismic characteristic s(Jp the

proposed site, such that, there is a reasonable assurance that a iauclear power plant can he

constructed and operated at tfIe proposed site without undue risk to the health and safirrY df

thue public.

With respect to the specific requirements. the rule contains the follo vang elements:

( J)Geological, seismological, and engineering charartfrrtics. TI .geol gical.

seismolesgic- anltnd engineeringi characrueteristi- o/ uit itr andl i nsjrons must b ini-esuig aled

in sufficient scope and detail to permit an k q u aeuatiarr .aJuai I de i Proposed site. to

provide sufficienrt information to sulpport evaluitions perf. -ned ' * -ive tit estimates of the

Safe ShutdolwQn Earthquake Ground Afotion. an.dw per.n. i adeqiq te envineering solutifin. to

actual or potential geologic and seismic elJfrcIs */r roposed site The i:e ozf the region to

be investiated ajid the tnPe of data pertinent to1 the esf.liz uns must le determined hased

on the nature oJ the region surroundm'nL the propow'a ateue D)ata tn the vibratorY geround.

motion. tectonic surja e deJormation. nont ecr inu defo 'rnuantin. earthquake' re4-u4rrentce rate s

fault geometrn and slip rates, site loundatie an materl, Sf iculli induct d efJloos dint

water waves must he obtained bhy reviewing periment ihter.ature a.ndf carrvinjk autfield

in vestigations. However. each/u aupplicant shial l i rit' tate all geolt',gic andsrismic f tior.%

(far example. volcanhi activity) that may allect the der pi ains d operation (PI the proposfrd
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nuclear power plan I irre.%peclive ofv% whether such ii a toslii re cY lit incld dinhs

sectionn.

/d) Geologic and seismic siting ltfaors. Thci uJeilgic and sisinic. Vxingsficurs

*onsideredtfor design iumst include u c'iermiinain * n .f tu e SaJle Shutadon L'rth quake Gropund

Motion for the site. the potential for seriace tleciltonfic an1 nntectonic i&fiornations. the

design basesijr seismiicalle induced]loodts and water wtaves and other dest & condition3 a.J

stated ins paragraplh (dM4i o!fthis se*t lin.

(1 Deltermination Jythe S(a'e .Shutdi-'n Elarth quake GrGrind Aotiin. The Safe

Shutdownn 1 Earthiquake Grotund Alotiwifie r the site is charauteri.red by ' hu,/ horizeo/tal and

v iertic-alfrelfnielJ grmounid tion respt e vonse( saectra rh it te freegrouind surfa. The S afe

Shutdown Earthquake Ground Motlon fir tile site is detemniined cinsidering the results of the

investigations required by paragrapJ h Ic) qjihis sectOn. Unicertainties are inherent in such

estimates. These uncertainties must be addressed Mtroceh anr appropriate analysis, such as a

probabilistic reismic hazard a ir si itrale . .s itv analys e / iUnderline added for

emphasis/ . Paragraph WVWaKI) of Appendi) S to Part 50 of this chapter defines t he minimum

Safe Shutdown Earthquake Ground Motion for design.

(2) Determination / e the potential for surface tectomic anti nontectonfc defodrmations.

Sufficient geological. seismological, and geopl h si sical data must be provided to clearly

establish whethier there is a potential fior surfwe deformation.

(3) DeLenninatin in of design basesmit sc'ismicall v inducerdflootds and water waves

The size of seismincillY induced iwlods adaer wtate w eivs I/tl could affect a site from either

local/' or distant/v ganerated seismic -iiivitY muest be < ierermined.

(4) Determnimtiatioarirofsiiitingjars fJrsfir tlherdesignl conditions. Sitingfactorsfor

ther design condlitions that m nust he bei ieaisdluaed .incluide soil and roct stabilityu. liquefation

potential, natural and artificial slope stabilitv. ooling water supply, and remote safety-

related structure siting. ac applic sal evaluat all siting ftors tetial caus

of failure. such as. the ph ysical properties of the inartrials underlying the site. ground

disruption. and the eJiects of vibratory ground Imotioe that mav affect the design and

operation of the proposed nuclear powe er plant.

A comparison of 10CFR 10(.23 with Appendix A to Part 100 will clearly show that the new

rule contains only the basic requirements and all of the prescriptive procedures are now

removed. The requirements for adequate site characteriz ation are basically the !anie as those

in Appendix A. therefore. the geological and seismological investigations arm equally

important. One of the most signific:int changes is underlined atbvc. The rule now

recognizes that there are uncertainties in estmatling the design hass ground rrtxio n and they

should be specifically addressed in thai deterinin.ition. A probabilistic hazard analvlss is

,-rmitted to address these uncertaiicttes.

2.2 Earthquake Engineering Criteria

Another important change is uith resrwct it) the Operating Basis Eanhquake iOBE) in

the new Appendix S to Part 5. The existing regulation in Appendix A to Part l(Y ) states that

the maximum vibratory ground motion of the OBE hc at lcast one half the maximum

vibratory ground motion of the Safe Shutdown Earthquake ground motion In some cases, for

instance piping. this requirement for the 013 mide it po)ssible for the OBE io have m re

design significance than the SSE. A decoupling of the OBE 3nd SSE has bhen suggested in

sevcral documents ce.g.. Rcf.2) Apendix .S illows the ' alut of thc OE3 to he set at (ii

one-third or less of the SSE. where 03il- requirements are salltised withtut an explicit

rcspon.se or design analyses eing perlormed.ti or I il a value greatei %Aian one-third of the SSE.
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where analysis and design aic required. There are two issues the applicant should consider in

selecting the value of the OBE: first, plant shutdo%%n is required 'ifvibratorY ground motion

exceeding that of the OBE occurs, and second. thc amount of analywse associated with the

OBE. An applicant may determiine that at one-third of the SSE level, the probability of

exceeding the OBE vibratory ground motion is too hig-h. and the cost associated with plant

shutdown for inspections and testing of equipment and structures prior to restarting the plant

is unacceptable. Therefore, the applicant may voluntarily select an OBE value at somne higher

fraction of the SSE to avoid plant shutdowns. However, if an applicant sciect% an OBE value

at a fraction of the SSE higher than one-third. a .suitable analysis shall be performed to

demonstrate that the requirements associated with the OBE are s.atisfied.

As stated. it is determined that if an OBE of one-third or less of the SSE is used, the

requirements of the OBE can be satisfied without the applicant. performing any explicit

response analyses. In this case, the OBE serves the function of an inspection and shutdown

earthquake. Three regulatory guides. RG 1. 12. RG I. 166. and RG 1. 167 were prepared to

describe the methodologies acceptable to the staff that should be employed to satisfy the

Appendix S requirements pertaining to plant shutdown and restart due to a seismic event.

3.0 GUIDANCE ON DETERMINING SAFE SHUTDOWN EARTHQUAKE GROUND

MOTION
Regulatory Guide 1. 165 hisL been developed to provide general guidance on procedures

acceptable to the NRC staff for conducting geological. seismological, and geophysical

investigations. identifying and characterizing seismic sources; conducting probabilistic

seismic hazard analyses; and determining the Safe Shutdown Earthquake Ground Motion

(SSE) for satisfying the requirements of 10 CU:R 100.23.

The following is an abbreviated discussion of the step-wise procedure outlined in the

guide to determine the SSE at a site. This procedure is schematically illustrated after

describing the steps.
I. Regional and site geological, seismological, and geophysical investigations should be

performed.
2. For central and eastern US (CEUS) sites (sites east of the Rocky Mountains), the

Lawrence Livermore National Laboratory (LLNL-) (Ref.6) or the Electrical Power

Research Institute (EPRI) (Ref.7) Probabilistic Seismic Hazard Analysis (PSH-A)

should be performed using original or updated sources (based on the investigations

performed in Step 1). For sites in other parts (if the country, a site-specific PSH-A

should he accomplished. The ground motion estimates should he made for rock

conditions in the free-field or by assuming hypo~thetical rock conditions for a non-rock

site to develop the seismic hazard information basec.

3. Using the reference prohabi~ity (RP) of I E-5 per year (rational for this value is

described in Section 4.0) determine the 5'% of the critically damped median spectral

ground motion levels-for the average of 5 and IC) Hz (S. ,, and for the iaveragv of I

and 2.5 H-z (Si ,,.
4. The median probabilistic hazard characteriz.ataon should be dcaggregated to determine

the controlling carthquake%' magnitudes arid distances.

1. Given a reference probability texpressed as an annual probability of exceeding a ground motion

level). the total seismic hazard can be de-aggregated to obtain contributions from different

magnitude and distance events. The earthquakek u' bich contribute most to this hazard arc then

called controlling earthquakes-. This concept is schemnatically illustrated later.
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After completing the PS HA and deter.ainin I I the controllIzng, earthquakes. ithc following

procedure should be used it) determine the SS1E.

5. With the controlling carxhquakcs, determined as described above and using the

procedures in Standard Review Plan (SRP, Section 2.5.2 (Ref.8). develop 5%. of

critical damping response spctrar jf for (he a,. ,ual or assumed rock conditions.

The same controlling earthquakes are also used it) derive vertlr-fl response spectiztl

shapes.
6. Use S,,, towsale the response spectrum shape corresponding to the controlling

earthq uake.
7. For nonrock sites. perform a site-slvcific soil amplification analysis considering

uncertainties in -ite-specific geotechnical properties and parameters tn dctcrinine

response spectra at the free ground surface in the free-field for the aciL.' site

conditions.
8. Compare the smooth SSE spectrum or spectra used in design (e.g.. 0.3g. broad-hand

spectra used in advanced light-water reactor designs) with the spectrum or spectra

determined in Step 2 for rock sites or determined in Step 3 for nonrock sites to assess

the adequacy of the SSE spectrum or spectra.
When site-specific design respo~nse spectra are needed, to obtain an adequate

design SSE ba~sed on the site-specific response spectrum or spectra. develop a smoolh

spectrum or spectra or use a standard hroad hand shape that envelopes the spectra of

Step 6 or Step 7.

The concept of the methodology to estimate controlling earthquakes, outlined in step%

2 through 4. is illustrated in Figures 1.2, and 3. Figure I shows the total median seismnc

hazard curve in terms of 5 and 10 Hz spectral values. This figure ahso shows the ground

motion levels at the reference probability. S1 and S ,,. The S,., is obtained by averaging S,

and S,0,. Figure 2 shows median seismic hazard curves for a set of magnitude and distance

intervals defined in Table 1. Figure 3 shows graphically the contributions of magnitude and

distance intervals to the ground motion level. S,,, In this figure. the major contributing

earthquakes are nearby and of moderate size. Thus, in concept. this definesi the notion of a

controlling earthquake. Mathematically. the controlling earthquake are determined using the

following equations:

N - L~~~oq(D A _ _ _ _ _ _

where M, and D, are magnitude and dis~tance values of the controlling event. H.,, is the

average seismic hazard values of -5 and 10 Hz for each magnitude and distance interval (See

Figure 2) estimated at ground motion levels lor the reference prohahility.

Table 2 shows estimates of controlling earthquakes for several CEUS site% for the ground

motion level corresponding to the reference probability of' I E-5/yr using I NIM. median

hazard results.
Once the controlling earthquake is determined, site specific spectral shape is derived

using Ref.8. Figure 4 through 6 illustrate how the site specific spectral shape is used to

develop SSE spectra or show adequacy of the previously selected SSE spectra (Steps 6

through 8). For engineering purpo~ses. it is essential that the design ground motion response
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spectra he a broad-hand smooth re'.pon'.e spectra with adequatc energy in the freq.uencie% (it

interest. In the past. It was general pracliCe to SeICct standard broad-band spectra. such as the

spectra in Regulatory Guide 1.60 (Ref.9). and scale them hy' a peak ground motion parameter

(usually peak ground acceleration (PGA ii. which is derivc i based on the size of the

controlling earthquake. In the past licensing review these spectra were checked against site-

specific spectral estimates to be- sure that (he SSEi design spectra adequately enveloped the

site-specific spectra. These past practices, to def"ine the SSE are still valid and. based on this

consideration, the following three possible situations, are depicted in Figures 4 through 6.

Figure 4 depicts a situation in which a slite is, to be- used tbr a certified design with an

established SSE (for instance. an Advanced LhtWater Reactor with 0.3g PGA SSE). In

thi% example. the certified design SSE spectrum compares favorably with the site-specific

response spectra determined in Step 6 or 7.

Figure 5 depicts a situation in which a standard broad-hand shape is selected and its

amplitude is scaled so that the design 5SFE envelopes the site-specific spectra.

Figure 6 depicts a situation in which a specific smcxith shape for the design SSE

spectrum is developed to envclope the lite-specific spectra. In this case, it is,, particularly

important to be sure that the SSE contains adequate energy in the frequency range of

engineering interest and is sufficiently broad-hand.

In the regulatory guide the probabilistic approach ha% been chosen for several reasons.

The probabilistic methods have been used in the licensing of several plants when issucs of

different interpretations have arisen by applying the desienninistic procedures of Appendix A

to Part 100. Two major probabilistic studies and databases exist for CEUlS which facilitate

uniform and reproducible implementation or the probabilistic methods. The probabilisti

approach explicitly considers the likclihood of an event or recurrence period. The need to

perform PSHAs is important in characterizing seismice sources in the CEUS, due to relatively

iow seismicitv aau il~e inability to associate earthquakes with specific tectonic structures.

However. experience in performing seismic hazard evaluations in active plate-margin%

regions in the western United States has also ident IfIed uncertainties associatcd with the

characterization of seismic sources,. Sources of uncertainties include fault geometry. rupture

segmentation. rupture extenitseismic activity rate, ground motion, and carthquake occurrence

modeling. As in the case for sites in the CEUS. alternative hypotheses and paramelters must

be considered to account for these uncertainties. Thus, the probabilistic approach is deemed

as one acceptable approach iii addressing :he uncertainties in determining the SSE. However.

as indicated in the rule and the regulatory guide. alternate approaches can be useJ to addre.ss

uncertainties. Dcci~ion on how to best approach the issue of uncertainly depends oin the

knowledge -"I-- nics. seismic \ources. historical records, and feasibil ity ifo do czplonttorv

work.

4.0 REFERENCE PRO[BABILITY (RP')

One of the key parameters in implementing a probabilistic method is the reference probability

(RP). In Reference 4: the RP of IlE-5/yr has, been defined considerirg the design basis of

certain recently licensed plants in CEIS. The RI' is the annual probabihitv level -sueh that

50% of a set of currently operating plants haN an annual median probabili tv of exceeding the

SSE below this level. The RP' i's determined for the annual probability of cxceeding Ithe

average of the 5 and 10 liz SSE response peti nordinates assoociated with 51* of critical

damping.
The RP was calculated using the I.INL. methodology anid results.. hut is also

considered applicable for the EPRI studs. The selected plants repre.." it relatively rec-ent
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designs that used Regulatory Guide 1.60 or similar '%peccra as~ their desi-n ha%e%- Tl,. ust of

these plants should ensure an adequate level ol conservatiin in determining ;a . SSE

consistent with recent licensinL' decisions.-

The following procedure was used to determilne [the RP' and should Ix us-ed In the

future if general revisions to PSHA methods or daLta hw.es result in sigvnificant changes in

hazard predictions for the selected plant sites.

Using LLNL methodology the nmedian seismic haz.ard results were calculated for the

selected sites for spectral responses a( 5 and IO 1 1 .

2. The composite annual probability of exceeding the plant SSE values for spectral

responses at 5 and 10 Hz was calculated using miedian hazard esfimates of Step I.

The composite annual probability is determined by:

Composite prooability = 1/2(al1) + 112(a2)

where alI and a22 represent median annual probabilI ties of exceeding SSE spectral

ordinates at 5 and 10 Hz. respectively. The procedure is illustrated in Figure 7.

3. Figure 8 illustrates the distribution of median probabilities of exceeding the SSEs for

selected 35 plants. The reference prohahility i's simply the median probability of this

distribution.

It should bc noted that this RP' is calibrated with the past design ba-ses, it is not derived

directly from any quantitative risk or safety goals. In fact. one of the reasons for using the

median hazard curve in the regulatory guide approach is that the controlling earthquakes

resulting from the dc-aggregation of the median hazard curve are very similar to those used in

the past licensing from the deterministic procedures. T'able 3 shows a comparison 4i

controlling earthquakes derived from the regulatory guide approach with those used in the

past design. The regulatory guide recognizes that the final SSE at a higher RIP may be morce

appropri.-' and acceptable for some sites considering the slope characwteristics of the site

hazard curves, the overall uncertainty in calculations (i.e.. differences bel~ween mean and

median hazard estimates). and the knowledge of the ,seismic sources that cc~ntribute to the

hazard. Tv.. guide references a procedure. Ref. I10. to determine an alternative reference

probability on the risk-based considerat ions

A mean risk goal. such as iseisically induced mecan core damnage frequency (edO. is

computed by a convol tuion of mean haia~d with mean fragility, where fr.-,ility is the

conditional probability of cdf given a particular hazard level. The relationship can be

expressed as follows:

mean goal f /nmean hazard * mnean fraghiit

This relationship can be -; suu;i7ed from the schematic representation in Figure 9. T'he rnsk

computations take into tf<- cf~ount the entire hai;,rd curve while the design basis is

established based on the exceedance probability at one ground motion level. Clearly. the

convolution of hazard curve I in Figure 9 %% ith'the fragi litvAwill produce higher mean cdf than
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the convolution of hazard curve 2. The slope ofthe hazard curve is, an zinioxrtant parameter

computing a mean risk goal.

For the ClLUS sites. as shown in Figure 1 0. the median reference piobahility of I E-

5/yr corresponds to the mean probablifiy of' I [>4. That Is. the use of either mean of I E-4 or

median of I E-5 will result in roughly thec samne ground liotion levcd. Figure I I shows

situations where the risk implications inay bie quite different based on the %lope of the ov'erall

hazard curve and the nature of uncertainty. Figure I I shows a hypothetical CEUS a. I

western US (WUS) situation. Since the nician anid miedian are shown closer for the WUN site.

use of the median reference prohahility from the CEUS site would imply that WUS plants

should bedesigned to amore: stringent ri.sk criteria. n otIher word.s,.if therisk-baseCd

considerations are to N& appilied. it may he more appropriate to use a diffe-ent. and perhaps

mean-ba~sed, reference pr'abability. For the hypothetical situation shown in Figure I11. while

the use of mean RP of I E-4 would result nino the samne ground motion level. 5~LSt L~ usin

the median RP of I E-5 for the CEUS sIte. there will be a substantial difference in the pround

motion levels S,,, and S,,. resulting from the use of median RP of I E-5 versus the use of

mean RP of I E-4.
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Fig.2 Deaggregated median seismic hazard for a site

Table 1
Contribution of Magnitude-Distance Intervals

to Total Hazard

Distance Magnitude Range of Sin

Range of
Bin (km) 5- 5.5 5.5 - 6 6 - 6.5 6.5 - 7 > 7

0-15 0.417 _ 0.097 0.000 0.000 0.000

15-25 0.220 0.079 0.030 O.O0 0.000

25-50 0.080 0.042 0. 0000 0.000

50-100 0.004 0.014 0.001 0.000 0.000

100-200 0.000 0.008 0.031 0.000 0.000

200-300 0.000 0.001 0.004 0.000 0.000

300 0.000 0 000 0.000 0.O0 0.002

Table 2
Estimates of Controllin Earthquakes

ControMln Eaihquake
(C se 1 )

Site Distance

No. Magnitude (km)

I 57 T23

2 
2

32 5 -_ 18

3 58 18

4 55 19

5 57 19

6 56 i 5

7 55 20

8 5.5 21
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Table 3
Gompshson botween Controhing Earlhquakws

, nd PaWO Seismic Design Cntona
-

.,t r. zContollng Earthquakes

I, Site § * Distance

I No Magnitude I _kq%)

' Past Seismic Destgn

Distance
hlgnituoe I (km)

__ __I 50 _ 15

2 -24 S 8 15

72 75 6: 775 25a

3 55 14 - S3 15

4 76 14 353 15

_ 5S7 14 _ 57 15

6 _ 5 16 53 15

7 : 5.3 is 46 15

__7.3 3407.3 370

8 5 7 14 , 6 15

9, 56 14 ' 58 15
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DOEF 1325.8
(49-)

EFG (07-"O)

United States Government Department of Energy

memorandum
DATE: August 22, 2001

REPLY lo
ATTNOF: Office of Nuclear and Facility Safety Policy:HChander:301-903-6681

SUBJECT. REVISED DOE STANDARD 1020-2001, NATURAL PHENOMENA HAZARDS
DESIGN AND EVALUATION CRITERIA FOR DEPARTMENT OF ENERGY
FACILITIES, PROJECT NUMBER NPHZ - 0001

TO: Technical Standards Program Managers

The subject technical standard has been revised to conform to latest industry
codes/standards and is released for your review and comment. The technical standard
can be found at the Technical Standards Program Web Site at
http:i/tis.eh.doe.gov/techstds/. After comments have been resolved, the document will
be approved as a DOE standard and listed in the DOE standards Index, DOE-TSL-1.

Please review the document and provide your comments to the preparer, Dr. Harish
Chander, EH-53, by the comment due date (45 day coordination period) listed for this
project at the above Web Site. Your comments must be designated as either essential or
suggested and proposed resolutions to those comments provided. Essential comments
are those which, if not addressed, would make the document technically unacceptable to
your organization and must be supported by detailed rationale. All comments must be in
the form of word-for-word changes to the draft document.

Responses from DOE Area Offices, Laboratories, and M&O Contractors should be
returned through the appropriate DOE management or organization channels in
sufficient time to permit consolidation by the Operations Office and subsequent
transmittal to the preparer before the due date. Comments received after that date will
be held for the next revision, unless it is possible to address them without affecting the
timely approval of the document. Please contact Dr. Chander if you have any questions
on this DOE Technical Standards project. Dr. Chander can be reached at 301-903-6681.
Please e-mail questions to Dr. Chander at harish.chanderaeh.doe.gov.

chard L.&lack, Director
Office of Nuclear and

Facility Safety Policy

State's
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DOE-STD-1 020-2001

Table C-3 Seismic Performance Goals & Specified Seismic

Hazard Probabilities

Performance Target Seismic Seismic Hazard Risk Reduction

Category Performance Goal, PF Exceedance Probability, P, Ratio, RR

1 1x10-
3 ** 4x10 4 *

2 5x10-4** 4x10 4* _'

4xl 0-4 * 4

3 11 0-4  l (x 1 043)1 (10)1

11X1O 4  120
4 1 X1 05 (2x1 0-4)1 (20)1

* The seismic exceedence probability is based on USGS maps generated in 1997 (and

included in EBC 2000) for 2% exceedence probabiity in 50 years.

** The design methodology of IBC 2000 for Seismic Use Groups I and mI achieves

approximately performance goals of PC-I & PC-2 respectively though it does not meet

the relationship shown in equation C- I for the seismic provisions.

For sites such as LLNL, SNL-Livermore, SLAC, LBL, and ETEC which are near

tectonic plate boundaries.

Different structures, systems, or components may have different specified performance

goal probabilities, PF It is required that for each structure, system, or component, either: (1) the

performance goal category; or (2) the hazard probability (PH) or the DBE together with the

appropriate RR factor will be specified in a design specification or implementation document that

invokes these criteria. As shown in Table C-3, the recommended hazard exceedance

probabilities and performance goal exceedance probabilities are different. These differences

indicate that conservatism must be introduced in the seismic behavior evaluation approach to

achieve the required risk reduction ratio, RR. In earthquake evaluation, there are many places

where conservatism can be introduced, including:

1. Maximum design/evaluation ground acceleration and velocity.

2. Response spectra amplification.
3. Damping.
4. Analysis methods.
5. Specification of material strengths.

6. Estimation of structural capacity.

7. Load or scale factors.
8. Importance factors/multipliers.
9. Limits on inelastic behavior.

10. Soil-structure interaction (except for frequency shifting due to SSI).

11. Effective peak ground motion.

12. Effects of a large foundation or foundation embedment.

For the earthquake evaluation criteria in this standard, conservatism is intentionally

introduced and controlled by specifying (1) hazard exceedance probabilities, (2) load or scale
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It is interesting to note that the DOE's current 0.36-g horizontal design value for the proposed
TMI-2 ISFSI soil site bounds the 2,000-yr return period probabilistic event (0.30 g, table 3-2). However,
it does not bound the 10,000-yr return period event (0.47 g, table 3-2).

3.5 DEVELOPMENT OF DESIGN BASIS EARTHQUAKE PARAMETERS

To comply with DOE Standards 1020-94 and 1023-94 and to be consistent with NRC

regulations, WCFS (1996b) developed DBE ground motion parameters for the proposed ISFSI site based

on the WCFS (1996a) PSHA. These parameters were developed according to procedures described in

DOE Standards 1023-94 and are in the form of acceleration response spectra and time histories as

reviewed in more detail in section 2.5 and illustrated in figures 2-19 through 2-21 and tables 2-6.

3-5

NRC-0061 7



4 DISCUSSION AND RECOMMENDATION

4.1 DISCUSSION

Seismic issues that are important to siting the proposed TMI-2 storage facility include

identification of potential seismic sources, source characteristics, and associated uncertainties;
deterministic and probabilistic seismic hazard assessment using state-of-the-art knowledge and techniques,
including ground motion attenuation predictions and spectral analyses; and development of design basis
parameters in compliance with applicable regulations and regulatory guidance. These issues have been
discussed in detail in chapters 2 and 3.

In the TMI-2 SAR, the DOE-ID (1996b) has proposed a seismic design horizontal acceleration
of 0.36 g. This is based on seismic design criteria contained within the INEEL AE standards
(U.S. Department of Energy, 1992) that provide technical direction and guidance to architects and
engineers in the development of designs for construction-type work performed for DOE-ID at INEEL.
The PHAs for rock in the AE standards are based on deterministic studies conducted in the 1970s
(Woodward-Lungren and Associates, 1971; Woodward-Clyde Consultants, 1975; Allied Chemical
Corporation, 1975; Agbabian Associates, 1977) and supported by the results of a further deterministic
analysis conducted by WCC (1990). In the AE standards related to a reactor or similar higher risk
facility, the peak design basis horizontal acceleration for the ICPP is 0.36 g, including effects of soil
amplification. This corresponds to the 84th percentile of the 1970s DSHA studies. This acceleration was
used as the design basis SSE for the chemical processing plant, and it is intended to serve as the design
basis SSE for the proposed TMI-2 ISFSI at the ICPP.

However, DOE-ID continued DSHA to develop site-specific seismic design criteria for the
proposed TMI-2 ISFSI site. This analysis was based in part on the results of the 1990 deterministic
evaluation for INEEL (Woodward-Clyde Consultants, 1990) and recent fault-trenching studies conducted
along the Lemhi and Lost River faults (Woodward-Clyde Consultants, 1992b; 1995). The Lembi fault
is the closest Basin and Range normal fault to the proposed TMI-2 ISFSI site and controls the
deterministic seismic hazard. The resulting 50th- and 84th-percentile deterministic values of PHAs at the
proposed TMI-2 ISFSI site are 0.34 g and 0.56 g, respectively.

Since the 1980s, the DOE-ID also conducted PSHA for INEEL. TERA Corporation (1984)
performed a PSHA for the ANL-West Facility. The site-specific seismic hazard curves developed by
TERA Corporation have been used by LLNL (Coats and Murrary, 1984) to calculate peak horizontal
ground surface accelerations for the INEEL for various return periods. The PHAs for INEEL are 0.14,
0.21, and 0.24 g for return periods of 1,000, 5,000, and 10,000 yr. However, recently the DOE-ID has
completed another probabilistic seismic hazard evaluation for facility areas of INEEL, including the ICPP
(Woodward-Clyde Federal Services, 1996a). The methodology used in the new probabilistic study
provides for explicit inclusion of the range of seismologic and tectonic interpretations including seismic
source characterization and ground motion estimation consistent with approaches contained in NRC Guide
1.165 (Draft was DG-1032, Nuclear Regulatory Commission, 1997a). Based on this study, the PHAs for
the proposed TMJ-2 ISFSI site are 0.23, 0.30, and 0.47 g for return periods of 1,000, 2,000, and
10,000 yr, respectively.

In the light of new deterministic and probabilistic hazard assessment data, the DOE-ID has
proposed to the NRC (U.S. Department of Energy-Idaho Operations Office, 1996b) for NRC acceptance
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of the DOE-ID SAR a DE value of 0.36 g that will envelope the 50th-percentile deterministic value of

0.34 g and 2,000-yr return period probabilistic value of 0.30 g.

The literature survey conducted herein indicates that the majority of the pertinent literature was

produced by the DOE and its contractors or subcontractors. It is important to recognize that the DOE has

sufficiently identified, utilized, and referenced previous as well as the state-of-the-art knowledge and

information that exist in the literature in its site characterization efforts. Seismotectonic characteristics

that are significant for seismic hazard evaluation at INEEL have been analyzed and potential seismic

sources have been identified. Various studies, especially the recent probabilistic and deterministic seismic

hazard analyses conducted by a DOE subcontractor, the WCFS (1996a,b), have also taken sufficient

considerations of uncertainties associated with seismic source characteristics using the state-of-the-art

investigation and analysis techniques. This study by WCFS (1996a,b) also included sophisticated

sensitivity analyses that isolated the contributions to the total ground motion hazard produced by various

potential seismic sources and the evaluated relative importance of various uncertainties associated with

characterization of those seismic sources. Those analyses are consistent with recommendations in

Appendix A of 10 CFR Part 100. In summary, the DOE seismic hazard analysis approach for the

proposed TMI-2 ISFSI appears to be technically sound, and resultant ground motion values represent the

best estimates. However, the DOE-proposed design PHA of 0.36 g does not bound the most recent

84th-percentile deterministic value of 0.56 g and 10,000-yr return period probabilistic value of 0.47 g.

Therefore, a judgment of whether the DOE-design approach is acceptable depends on whether there are

regulatory and technical bases to accept an ISFSI-design value that bounds the 50th-percentile

deterministic value and the 2,000-yr return period probabilistic value.

Section 2.5.2.6 of NUREG-0800 (Nuclear Regulatory Commission, 1997b) provides guidance

on assessing the SSE ground motion. Substantial uncertainties are inherent in deriving spectra for seismic

ground motions, and the guidance states NRC preference that the 84th-percentile (median plus one

standard deviation) response spectra be used for both spectral shape and ground motion amplitude

estimates. Although a strict interpretation of 72.102(f)(1) may lead one to conclude that 0.56 g is the

requisite DE value for the proposed TMI-2 ISFSI site, there is a regulatory basis for a different design

value that may be adequate. In 1980, when 10 CFR Part 72 was first promulgated, ISFSIs were largely

envisioned to be spent fuel pools or massive dry-storage structures. Moreover, ISFSIs were expected to

be built at existing power plant sites where SSE values are already determined. In the Statements of

Consideration (SOC) accompanying the initial rulemaking, the NRC recognized that the design PHA for

dry casks and canisters need not be as high as a power reactor SSE: "For ISFSIs which do not involve

massive structures, such as dry-storage casks and canisters (sic), the required design earthquake will be

determined on a case-by-case basis until more experience is gained with licensing these types of units."

With over 10 yr of experience licensing dry-cask storage, and robust analyses demonstrating cask

behavior in accident scenarios, the NRC staff now have a reasonable technical basis to consider a

different design PHA that is adequate for licensing dry storage ISFSIs.

The NRC selected the 84th-percentile DE for power reactors to provide an extra level of

conservatism for those higher risk facilities. An operating ISFSI is inherently less hazardous and less

vulnerable to earthquake-initiated accidents than is an operating nuclear power reactor (Hossain et al.,

1997). Unlike a nuclear power plant, an ISFSI does not have an active nuclear reaction, and hence does

not need to meet requirements for active cooling and safe shutdown systems in order to ensure the

integrity of the high-pressure reactor coolant boundary and for shutting down the reactor in the event of

a very large earthquake. Operations in an ISFSI facility need not be continuous but can be shut down,
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