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ABSTRACT

This report was prepared at the request of the Nuclear Regulatory Comission
as part of a review of the nuclear fuel reprocessing plant operated by Nuclear
Fuel Services, Inc., at West Valley, N.Y. The report discusses the seismic

evaluation by Lawrence Livermore Laboratory of two high-level, acid liquid-
waste tanks, 80-3 and 8D-4, adjacent to the plant. It describes the tanks and
discusses the techniques used to model and analyze the structures and to combine
the loads. Limiting criteria, results, and conclusions are presented.

'"
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INTRODUCTION

The Nuclear Regulatory Commission (NRC) asked the Lawrence Livermore

Laboratory (LLL) to assess the seismic integrity of the reprocessing facility
operated by Nuclear Fuel Services, Inc., (NFS) at West Valley, N. Y. The

assessment began with a seismic analysis of the process building.1,2 Next,
we analyzed the neutralized liquid-waste tanks located north of the building
and the fuel receiving station adjacent to the process building.3,4 This
report presents our analysis of two high-level, acid liquid-waste tanks
located next to the neutralized liquid-waste tanks.

One of the acid waste tanks (80-3) is a spare. The other identical tank
(80-4) is full and contains 12,000 gal of high-level acid liquid waste
generated by reprocessing spent nuclear fuel. Each tank is 12 f t in diameter
and 15.75 f t in height and is made of 304L stainless steel. External
supports, reinforcement, and piping are either 304 or 304L stainless steel.
Each tar.k is supported by vertical legs made of 8-in. extra strong pipe. The
lower end of each leg is welded to a base plate that is secured by two bolts
to the foundat%on.

The tanks sit inside a vault that is basically a rectangular reinforced
concrete box buried 6 ft underground. Stainless steel, 1/8-in. thick, lines

the floor and the inside vault wall to a height of 1.5 ft, creating a pan
under the tanks.

The seismic analysis identified the ground acceleration (up to 0.2 g) that the
tanks and vault could withstand before limiting criteria were exceeded.
Limiting criteria define the level of stress, deflection, or degredation that
initiates structural distress. Known conservatism was removed from the
analysis to achieve a realistic assessment of integrity.

.
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We took the following steps to assess both the current and future seismic
safety of the tanks and vault:

e Reviewed details of tanks and vault
e Selected analysis technique
e Selected structural modeling technique
e Selected structural loading

e Performed the analyses
e Developed limiting criteria

e Interpreted results

e Drew conclusions.

We used our judgment extensively throughout the project to make modeling
decisions and to select limiting criteria. We relied on past experience,
published literature, and discussions with the NRC in making these decisions.

1792 246
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SUMMARY

We performed a seismic analysis of two identical stainless steel liquid-waste
tanks, 8D-3 and 8D-4, and the reinforced concrete vcult in which they rest.
The tanks are located adjacent to the Nuclear Fuel Reprccessing Plant operated
by Nuclear Fuel Services, Inc., at the Western New York State Nuclear Service
Center near West Valley, N. Y.

The analysis was done at the request of the NRC to determine whether the tanks
and vault could survive, without structural distress, an earthquake with peak
acceleration of up to 0.2 g.

STRUCTURAL REVIEW

We familiarized ourselves with the structures by reviewing drawings supplied
by NFS through the NRC.

ANALYSIS TECHNIQUE

The tank analysis consisted of static analyses of working loads and a dynamic
analysis of seismic loads using the response-spectrum method. The vault
analysis also considered both static and dynamic loads. We treated dynamic
loads, including the inertial load of the structure and the dynamic soil
pressure, as equivalent static loads. This approach gives good results for
stiff structures.

STRUCTURAL MODELS

Because there is practically no tank-vault interaction, separate finite

element models were developed for the structures, and the analyses proceeded
independently. Symetry considerations allowed simple mathematical models.
Because of tank symetry, only one-fourth of the tank had to be modeled.
Likewise, only half the vault was modeled.

'

. '
,
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Only the tank containing waste was modeled. Its dome-shaped roof, cylindrical
shell wall, and flat bottom plate were modeled using quadrilateral plate /shell
elements of the SAP 4 computer code.5 Radial and transverse stiffeners and

vertical legs were modeled using beam elements.

The walls and roof of the vault were modeled using plate /shell elements, and

the walls were assumed fixed at the base. Six horizontal girders in the roof
were modeled by beam elements.

STRUCTURAL LOADING

Structural loading included dead load, thermal load, hydrostatic load, and
seismic loads. At the request of the NRC, earthquakes having up to 0.2-g peak

horizontal ground acceleration were considered. The response spectrum
6presented in Regulatory Guide 1.60 was used as the free-field input ground ,

motion for the response-spectrum analysis of the tank. A damping ratio of
0.01 was used to account for the liquid waste in the tank.

Operating loads for the vault consisted of the dead weight of the vault, the
weight of the tanks, liquid waste, and other equipment, and the weight of the
6 ft of overburden.

ANALYSES

Linear elastic analyses were conducted using both static and response-spectrum
techniques to evaluate the behavior of a tank and its stored liquid waste
during an eathquake. Static and seismic loads were combined.

A linear elastic static analysis of the vault was conducted. Dynamic soil
pressure was estimated to be the equivalent static pressure, which was
calculated using the Mononobe-Okabe theory.7'O Two methods were used to

combine static and dynamic loads.

.
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LIMITING CRITERIA

The basic consideration for evaluating the tank performance was its ability to
confine the liquid waste. Limiting criteria for the tank were developed for
the following three critical cases:

e Yielding or buckling of the shell wall
e Yielding of the bottom plate

Yielding or buckling of the support legs and stiffeners.e

For shell members and the bottom plate, limiting criteria were considered to
be exceeded when calculated Von Mises stress for an element was greater than

the yield stress of the steel. The critical buckling rtress of a cylindrical
shell under uniaxial compression was calculated. The value of 17.5 ksi was

used as the critical buckling stress and analysis results were compared to it
for each element of the shell.

The basic consideration for evaluating vault performance was its ability to
provide secondary confinement of the waste. The limiting criterion was the
one developed for a previous study of a buried reinforced concrete
structure.3 The limiting criterion relates the actual loads and the
calculated ultimate load capacities as follows:

P_ L M ,T-- < l . 0
P Y "u T

u u u

where the element resultant forces are defined as

P = axial force
V = shear force
M = bending moment

T = twisting moment

and the subscript "u" designates the ultimate quantities calculated using
principles emoodied in the ACI code.

1792 249
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INTERPRETATION OF RESULTS

TANK

Results from the analyses were compared with limiting criteria and the
following conclusions were drawn:

e All components of the tank model except the base plates of the support
legs had stresses below the limiting stresses when subjected to 0.2-g
peak ground acceleration. These stresses, expressed as a percentage of
the limiting stresses, are as follows:

Support bolts: <45%

Support legs: <75%

Bottom plate stiffeners: <50%

Bottom plate: <25%

Shell wall: <50%.

e Stress in the base plate exceeded the limiting stress at 0.16-g peak
ground acceleration. At 0.2 g, the bending stress is 31 ksi (yield
stress of plate = 25 ksi). This stress level would cause part of the
base plate to yield but would not affect the function of the support
leg.

e Maximum compressive stresses at 0.2 g were less than 20% of the
critical buckling stress in the shell wall.

VAULT

Without a thermal load, limiting criteria for the vault are not exceeded for a
peak ground acceleration of 0.2 g. With a thermal load, however, structural
responses from the analysis of the concrete vault are consistent with previous
studies of the NFS facilities,1'4 mainly, that bending moments induced by
the estimated thermal gradient of 70 F in the walls and roof far exceed the
ultimate moment capacities of the concrete section.

6
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The fact that the vault still exists and shows little structural damage
suggests that the thermal load was overestimated in the analysis. Two reasons

0may account for this: the gradient may actually be less than 70 F, or the
thermal loads may have been relieved by the mechanisms of creep and crack
formation in the concrete.

Accordingly, we examined five cases for which the thermal load was 0, 25, 50,
75, and 100% of the thermal load for a gradient of 70 F. Analysis results
may be interpreted as cases with thermal gradients of 0 , 17.5 , 35 ,

042.5 , and 70 F, respectively, and no stress relief, or as cases with a
U70 F thermal gradient and varying degrees of stress relief. Results of

these calculations appear in Table 1.

The actual residual thermal stresses in the concrete vault cannot be determined
in this study because of the nonlinear behavior of reinforced concrete and

because we have insufficient knowledge of the actual thermal gradient through
the roof and walls. Until a nonlinear analysis of the vault is done, we must
rely on our best engineering judgment to estimate the actual thermal stress in
the vault and the peak ground acceleration that the vault can sustain. We
believe that the actual thermal gradient is less than 70 F because the
inside vault temperature built up over a long period of time. We also believe
that some of the thermal load has relieved itself.

Based on these considerations, the 25% thermal load case is our best estimate

of the actual thermal stress in the vruit. For this case, limiting criteria
are exceeded at only a few places near the cents.r o' the structure at 0.2-g
peak ground acceleration.

179225i
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TABLE 1. Limiting peak accelerations and locations for the vault model.
(For details see Figs. 10 to 13.)

Thermal load Location where Acceleration at which

(% of load for limiting criteria limiting criteria ,

070 F thermal are exceeded exceeded, g

gr;dient)

M
0 Not exceeded

/

/ Ar

25 / 0.18 to 0.2

d -f
0.04 near center," <

50 t
/ 0.12 to 0.16 elsewhere

0
-%- 9

75 -t-y 0.02 roof

M
{}w

t

0.02100

Our best estimate of the actual thermal load was submitted to the NRC in a
review draft of this report. The NRC then asked that an additional study be
done to confirm the use of the 25% thermal load case. This additional study
estimated the maximum steady-state temperature gradient through the vault
walls. Two approaches were used as explained in the Appendix. The maximum
temperature differential was calculated to be 25.5 F, and results frS. the
two methods agreed closely. This separate analysis confirms our selection of
the 25% thermal load case as representive of the actual thermal gradient

through the vault walls.

S
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FACILITY DESCRIPTION

The waste storage f acility for thorium bearing waste is located next to the
neutralized waste storage facility north of the NFS process building (Fig. 1).
The facility stores high-level liquid waste that was generated during
reprocessing of fuel from Core A of Consolidated Edison's Indian Point No.1
reactor. The acid waste storage system maintains the waste in an acidic
medium to minimize thorium precipitation. The temperature is maintained at
less than 140 F. The complex is designed for an average physical lifetime
of not less than 50 years of active use. The design lifetime of the
appurtenances and auxiliary equipment within the f acility is 30 years.

Storage tank 80-4 and its spare, 8D-3, are similar in construction (Fig. 2).
The tanks are 12 f t in diameter and 15.75 f t in height with a nominal capacity
of 15,000 gal. The tanks were fabricated of 304L stainless steel. External

supports, bottom structural reinforcement, and piping are either 304 or 304L

stainless steel. The tanks have a corrosion allowance of 0.07 in. A nozzle

connection is provided for the insertion of corrosion coupons and for
obtaining samples of the stored solution. The tanks are designed for a
working volume of 13,500 gal each (90% of nominal capacity). Tank 8D-4
contains about 12,000 gal of waste.

The waste tanks are inside a reinforced concrete vault. The vault outside
dimensions are 32 ft by 19 ft by 25.25 ft high. The vault floor is 41 ft by
28 ft. The vault walls are 1.75 ft thick. A 1/8-in. thick 304L stainless
steel liner covers the floor and lines the inside vault wall to a height of

1.5 ft, creating a pan under the tanks. The area excavated for the vault was
backfilled to a minimum overhead depth of 6 f t to provide a complete blanket
of impermeable silty clay around the tank-vault complex as a barrier to
potential leakage.

Each tank leg is made of 3-in.-diam extra strong pipe welded to a base plate.
The base plate is bolted to a support assembly that is anchored in the vault
floor (Fig. 3).

.
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FIG. 1. Location of acid liquid-waste tanks 30-3 and 80-4 with respect to the
nuclear fuel reprocessing plant operated by Nuclear Fuel Services, Inc., near
West Valley, N. Y.
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MATHEMATICAL MODEL

The finite element technique was selected for modeling the waste storage tanks
and the reinforced concrete vault because it can easily handle complex
structures with different material properties, geometrical configurations, and
boundary conditions. The computer program used is SAP 4,5 the LLL version of

a finite element computer program originally developed at the University of
California at Berkeley.

We studied the arrangement and the connection between the tanks and the vault
to determine if we needed one complete finite element model to describe both
structural components. Because the waste storage tanks are fastened to the
floor of the vault there is practically no feedback from the tanks to the
vault. Therefore, separate mathematical models were developed for the tanks
and the vault, and the analyses proceeded independently.
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TANK ANALYSIS

There are two identical storage tanks, 80-3 and 80-4; however, only one now
contains liquid waste. The tank with liquid waste in it is the critical one
that will experience higher static and seismic loads and has to maintain its
structural integrity during and after earthquakes. Therefore, the typical
model for the tanks was selected to be the one with stored liquid waste.

TANK MODEL

Because of tank symmetry, only one quarter of the structure needed to be
included in the mathematical model. Symetrical boundary conditions ware
applied to the edges of the model for symetrical loads such as dead weight
and static liquid pressure. Anti-symmetric boundary conditions were applied
to the edges for such anti-symmetric loads as seismic loading.

The shell of the tank was modeled by the quadrilateral plate /shell elements of

SAP 4. Stiffeners and support legs were modeled by beam elements. Cooling

coils and guide brackets were not included in the model because they contribute
no stiffness and negligible mass effects to the overall behavior of the
structure.

Figure 4 gives a three-dimensional view of the finite element model, which
consists of 90 plate /shell elements for the dome-shaped roof, the cylindrical
shell wall, and the flat bottom plate. Also, there are 31 beam elements for
the vertical legs and the radial and transverse stiffeners.

The support legs of the tanks, made of 8-in.-diam, extra strong pipe, are
welded to a base plate, which is bolted to the support assembly by two bolts
whose centers are aligned in the tangential direction (Fig. 3b). This

alignment provides moment resistance about the radial direction but very
little moment resistance about the tangential direction. This kind of

boundary condition could be accurately modeled when the radial and tangential

'
14

.
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FIG. 4. Tank finite element model,

directions were parallel to the global directions of the finite element
model. However, for the nonglobal direction supports, the boundary spring
element of SAP 4 had to be used to add a very large stiffness to constrain
rotation about a radial line. This extra large stiffness did not cause
problems in the static solution; however, it could create some numerical
problem in the eigenvalue calculation. Hence, the nonglobal moment supports

were fixed in both radial and tangential directions in the dynamic analyses.
This is believed to have no significant influence on the final results.

6The elastic modulus and Poisson's ratio for the steel are 29 x 10 psi and

0.3, respectively.
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STRUCTURAL LOADING

Both static and dynamic loads were considered in the analysis of the tank.

Static loads

Dead Load. The dead weight of the tank and its supporting members was
included as a static load to the system. The density of steel used was 0.286

lb/in.3 ,

Hydrostatic Load. The hydrostatic pressure of the stored liquid waste was
considered as a pressure load on shell elements. The level of liquid was
assumed to be at the top of the shell wall (15.75 ft above the bottom plate).
Hydrostatic pressure at the center of each shell element was taken to be the
average pressure on it since each element can take only uniform pressure over

it. The dead weight of the liquid was included in this case as pressure on
the bottom plate.

Thermal Load. A cooling coil system keeps the solution temperature below

140 F. The thermal load due to the temperature gradient through the tank's
thin wall is negligible. If the temperature during installation is assumed to

0 0be 70 F, the solution temperature of 140 F will have caused the tank to
expand radially about 0.05 in., which is less than the tolerance of 3/32 in.
for the base plate bolts. Therefore, the residual force due to thermal
expansion is also negligible.

Seismic Loads

Ground excitations for the tank structure were based on the Safe Shutdown
Earthquake (SSE) defined by NRC Regulatory Guide 1.60.6 We used two design

response spectra from the guide--one for the horizontal component of ground
motion and one for the vertical component (Fig. Sa and 5b). The curves are
normalized to a peak ground acceleration of 1.0 g. For each analysis the

curves can be scaled to appropriate maximum accelerations. Because the

analyses are linear, scaling can be done on the input or the results. We
found it more convenient to scale the results prior to combination of loads.

16i
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The seismic load was treated as a dynamic load on the structural system.
Several seismically induced dynamic effects are discussed below.

Structural Inertia. SAP 4 accounts for the inertia of the structural system as

lumped masses at the structural nodes; that is, the distributed mass of an
element is lumped to its nodes as concentrated masses. This assumption
ignores the coupling inertia effect between different nodes and the rotational
inertia of the distributed mass. However, the approximation is a good one for
a reasonably refined finite element mesh.

Structural Damping. Damping of the structural system, which results from
material, connections, etc., is assumed to be viscous in nature, hence,
velocity dependent. Because damping, unlike stiffness and mass, is usually

not clearly defined for a system, comon practice is to assign damping ratios
to the structural system based on experience. The damping ratio is defined as
the ratio of the actual damping to the critical damping of the structure.
According to Regulatory Guide 1.61,9 the damping ratio of welded steel
structures subjected to a SSE is 4%. For structures containing fluid,
however, the damping ratios are modified as discussed below.

Hydrodynamic Effect. The liquid stored in the tank will produce both
impulsive and sloshing loads and will alter the criMcal damping of the
system. The impulsive load is basically the inertia of the fluid, that is,
the hydrodynamic pressure of the accelerated fluid on the structure. This
pressure is proportional to the structural acceleration. Its magnitude and

distribution can be obtained by solving the governing Laplace equation with
the given boundary conditions. The following expression provides estimates of
the pressure distribution on the inside wall of a rigid cylinder subjected to
a small impulsive excitation, a.10

(n-1)/2
1 (nnR)

=

I b 2H

cos h
nnR ) + y ( 7 )

P = -Ya cos e
nnRn n=1,3,5 n

I (T 2o
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where

H = the liquid depth
R = the inside radius of the cylinder

r,0,Z = the cylindrical coordinates
y = the mass density of the liquid

I , I , and 12 = the modified Bessel functions of ordersg g

0, 1, and 2.

To include this effect, P/a can be treated as an additional mass to the
structure. The amplitudes (at 0 = 0) of this added mass distribution for
tanks with different R/H ratios are shown in Fig. 6 (R/H = 0.38 in this
study). Because SAP 4 cannot take distributed added mass, the distributed mass
was first lumped to the proper nadal points, and the lumped masses were input
as concentrated masses.

The slashing load is due to surface waves of the accelerated fluid. Sloshing
pressure is small relative to the impulsive pressure for this type of
tank.11 Our conservative assumptions about liquid level, rigid tank, etc.,
justify neglecting sloshing forces in this analysis.

Drag and other damping forces in the fluid are difficult to adequately include
in the analysis. For tanks with large radii, such as this tank, the damping
effect of the fluid is usually negligible. The only damping force in the
fluid-structure system is, therefore, assumed to come from the structural
damping. However, the critical damping of the system changes because of the
increased total mass.12 Consequently, the damping ratio of the
fluid-included system has to be changed according to the following expression:

I. M

C R

.

') _ 19 1792 263
.



.

.

*
.

1.0 i , , . . . .

~

Inside surface
~

_ _

_ _

_ _

- \ -
.

\
\

_ _

-

\ -
.

_ g -

E 0.5 -
' l -

N
,

{
.

_ g _

-

I R/H = 2.0 5-

I
. -

-

0.2 0.38| 0.4 0.6 0.8 1.0
'

_ -

~

l
~

_

I ' ' ' ' ''
0

0 0.5 1.0

P/ayHcoso

0 i 6 i i iiii,ii,ii,ii

- R/H = 0.2
's

_ s s

% 0.38 ._

's
. 0.40 ' N

3
o
j 0.5 - -

2.0g
2 _

_

_ -

- Bottom surface -

'''''''''''''.0
' '' ' ' '

1.0
O 1

r/R

FIG. 6. Hydrodynamic pressure, P, resulting from a small impulsive
excitation, a, on the inside wall of a rigid cylinder is accounted for as an
added mass P/a. (Other synbols are identified in the text.)

-

: 20 1792 264'
,



.

.

.-

where ( and M are the damping ratio and the mass, respectively, of the
structure alone. (andAarethedampingratioandthemass,respectively,
of the fluid-structure system.

2 2For this tank, M = 35.33 lb-sec /in., 5=421.08 lb-sec /in, and ( = 0.04.
Therefore, ( = 0.01 and the damping ratio of 1% was used for all modes of the
structural system.

SEISMIC ANALYSIS METHOD

Seismic responses of the tank were computed by the response-spectrum technique

in which the natural frequencies and mode shapes of the structural system are
found by an eigenvalue/ eigenvector analysis of the mathematical system.
Usually in earthquake analyses, linear combinations of several mode shapes
with the lowest frequencies are sufficient to represent all different
deformations of the structure. Peak responses of each mode are obtained but
relative phasing information is not. Consequently, we can calculate directly
the maximum responses of each mode from the spectrum curve but not the true

maximum response of the structure. Our estimates of maximum response were
obtained by taking the square root of the sum-of-the-squares (SRSS) of the
modal components.

COMBINATION OF LOADS

Peak responses for the input earthquake result from either the response-spectrum
analysis used for the tank or the equivalent static analysis used for the
vault. Because the three components (two horizontal and one vertical) of the
input earthquake are treated separately, each component has its corresponding
peak response, and the three peak responses usually do not occur at the same
time. One common way to calculate the combined peak response is to take the
SRSS of the three peak responses. This approach assumes that the peak
esponses occur at statistically independent times. This is a reasonable

assumption for structures with well-separated natural frequencies. In this

.
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case, the peak accelerations of the three input earthquake components were

given the ratios of 1 (horizontal) to 1 (horizontal) to 2/3 (vertical).

13
A way of combining components that was recommended by Newmark was also

used. The combined peak response is the direct sum of responses to input
motions having peak accelerations in the ratios of 1.0 (horizontal) to

0.4 (horizontal) to 0.4 (vertical).

The combined responses of static loads and seismic loads are the sums of

responses to these two types of loade. However, the seismic responses
obtained from either the response-spectrum met:ioa or the equivalent static
method are the absolute values of the peak responses; hence, they can be
either posi$ ve er negative peaks. Therefore, separate results were obtained
for cases of the static responses added to the positive seismic responses as
well as to the negative seismic responses.

LIMITING CRITERIA

An accurate definition of limiting criteria for either the thin shell tank
structure or the reinforced concrete vault structure are difficult to obtain
because of the complex nature of the loading and the nonlinear behaviors of
the structural members and surrounding soil medium. The set of limiting

criteria that we established for each structural component represents a
reasonably conservative estimate of the start of structural distress.

Stress results of the tank were studied for the following three critical cases:
Yielding or buckling of the shell walle

e Yielding of the bottom plate
Yielding or buckling of the support legs and stiffeners.e

A simplified formula for determining the critical buckling stress of a
cylindrical shell under uniaxial compression is:

,cr ,f
h/aE ,

1/223(1-v )
. .

1792.266.
,,. ,

,



.

.

.~

where

h = shell thickness
a = radius
E = elastic modulus
v = Poisson's ratio, and

f = reduction factor depending on the a/h ratio.

6For this tank a/h = 230.4, f = 0.23 (Ref. 3, p. 38), E = 29 x 10 psi and
v = 0.3. Therefore, = 17.5 ksi. This critical buckling load does not

cr
consider the internal pressure from the liquid, which would make the critical
buckling stress even higher. However, this formula gives a conservative
value. Calculated axial compressive stresses for each element of the shell
were checked against this limiting criterion of a = 17.5 ksi.cr

Limiting behavior of the tank (shell wall and bottom plate) was based on the
criterion that the Von Mises stresses exceeded the 25-ksi yielding stress of

the material (A240-TP304L). At each stress location. two Von Mises stresses
were calculated, one associated with the outside suiiace of the tank, and the-

other associated with the inside surface of the tank. To determine the Von

Mises stress at a location having static stress components oxs' "ys, and
T and dynamic stre:s components xd' Uyd, and Txyd, we first calculatedxy3
six combined stresses,

1 "xdo *U
x xs

*# 1y ys yd
T *T 1Txy xys xyd*

The plus and minus signs are used because the dynamic stress components can be

either positive or negative. These six stresses give rise to eight different
possible Von Mises stresses calculated by the formula:

[ 2}1/2
oVM * I -U0 +U + 3T ,

\x xy )
xy y

.

'
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The maximum of these eight values was taken as the Von Mises stress at that
location, and compared to the yield stress to determine if the limit had been
exceeded.

The limiting capacities of the support legs, stiffeners, and base plates were .

determined by comparing the maximum stresses in each member with the yield

stress of the material.

RESULTS

Four separate analyses were conducted for the tank model:
A static analysis using all static operating loads including dead loade

and hydrostatic pressure.
e Two response-spectrum analyses using the horizontal Reg. Guide 1.60

design response spectrum applied in two perpendicular directions (X and

Z directions in the mathematical model).
e A response spectrum analysis using the vertical design response

spectrum.

Before these four basic cases were analyzed, we determined the number of modes
required to describe the dynamic behavior of the tank. The same horizontal
spectrum was used in models having 5, 10, and 15 modes. The highest
frequencies for these three models were 12.4, 18.7, and 29.1 Hz respectively.
Force and stress results differed by less than 1% between the 5- and 10-mode
systems, and there was no practical difference between the 10- and 15-mode
systems. We concluded that ten modes were sufficient for the response
spectrum analyses.

Peak ground accelerations for both the horizontal and vertical spectra were
scaled to 0.2 g. As discussed previously, ground motion components were

combined in two ways. The first one used the same peak ground acceleration

level in both horizontal directions and 2/3 the level in the vertical
direction. The responses to these three components were then combined by the

SRSS method and added to the static results. The second method used 100% in

24
, y
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the major horizontal direction and 40% in both the minor horizontal and
vertical directions, and the responses were added directly to the static
responses.

The eight Von Mises stresses on each face of each element were calculated for
both combination methods. The corresponding peak accelerations at which the
Von Mises stress reached the yield stress were then computed.

The combined stress results, calculated by either the SRSS method or the
direct sum method, show that the stresses in the tank wall at peak
acceleration of 0.2 g are lower than our limiting criteria. Results computed
by those two combination methods differ insignificantly. Neither method gives
consistently high values. As expected, the highest Von Mises stress occurred
in the area of the tank wall near the legs. The value computed was 40% of the
yield stress by the direct sum method and 39% by the SRSS method.

The legs have a maximum stress of 18 ksi. The highest stress in the bottom
plate stiffeners is about 50% of the yield stress.

The highest stressed members in the t'ank structure are the base plates that
connect the legs to the support assembly. The bending stress in the plates is
31 ksi at 0.2 g, while the yield stress is 25 ksi. This will cause part of

the base plate to yield but will not affect the supporting function of the leg.

25
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VAULT ANALYSIS
.

VAULT MODEL

The vault is basically a reinforced concrete rectangular box buried 6 ft
underground. A three-dimensional finite element analysis, including nonlinear
soil-structure interaction, is beyond the scope of this study. However, an
equivalent static analysis, which includes the dynamic effects of the
surrounding soil by applying the peak dynamic soil pressure on the structure,
is considered to be both adequate and conservative. Therefore, only the

structure itself needs to be included in the model.

Two types of elements are available in SAP 4 to model the reinforced concrete
wall of the vault. One is the plate /shell element used for the tank model.
The other is the three-dimensional solid element, which behaves better through
the thickness than do plate /shell elements. However, this type of element
provides stress results only at a few selected stress points, unlike
plate /shell elements, which give moments and forces on the section. To
evaluate the resisting capacity of the_ reinforced concrete section, the moment
and force results of a plate /shell element are more convenient and
straightforward to use. The effect of through-the-thickness variation is
expected to be minimum. Therefore, the walls and roof of the vault were
modeled by plate /shell elements.

In modeling the stiffness of the vault, the reinforced concrete walls and roof
were assumed to be homogenous and isotropic. However, in estimating the
limiting capacities of the structure, cracked concrete sections were
considered. The elastic modulus and Poisson's ratio for the concrete are

63 x 10 psi and 0.17, respectively.

The walls were assumed to be fixed at the base. The floor was assumed to be
rigid and not included in the model. The six horizontal girders (W 12 x 27)
in the roof were modeled by beam elements.

992 27026
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An auxiliary shelter on top of the roof was also modeled by plate /shell
elements; however, the cover of the shelter was not included.

Only half of the structure was included in the mathematical model because of
the vault's symetry. Figure 7 shows the three-dimensional view of the finite
element model, which has 118 plate /shell elements and 31 beam elements,

g-
7 uxiliary shelterA

#
Roof girders

(actually in roof) \

\ \ \\ \ \\:
'

Y

\
Z Fixed at base

FIG. 7. Finite element model of vault.

STRUCTURAL LOADING

Dead load, static soil pressure, thermal load, and seismic load were
considered in the analysis of the vault.

Static Load

Dead Load. The weights of the walls and the roof of the vault were included
as part of the static load. The density of the reinforced concrete was taken

3
to be 150 lb/ft ,

Static Soil Pressure. The weight of 6 ft of soil on top of the roof was
included as a static pressure, which was calculated by the following formula:

1792 271
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P = yh ,

where

3y = soil density, 130 lb/ft
'

h = soil depth.

The lateral pressure on the side walls was calculated as

P = K yh
A

where K s e lateral force coe m cient. A va ke of 0.3 was used in
A

this study.

0
Thermal Load. Because the stored waste temperature is about 140 F, we
assumed that the temperature on the inside surface of the concrete vault is
about 140 F. The outside surface of the vault and the surrounding soil will
remain at a lower temperature. The temperature difference through the vault
wall can cause significant thermal stresses in the structure. Evaluation of
thermal forces in reinforced concrete members is a complicated problem.
Cracking of the section, creeping of the concrete, and the self-releasing
nature of thermal forces make the phenomenon nonlinear. The problem is more

difficult in this study because we do not have an accurate measure of the
actual temperature on either surface of the vault. A conservative estimate of
the temperature gradient was 70 F. The analysis was conducted with this
value and with the assumption that the structure remained linear. The

-6 ocoefficient of thermal expansion used for concrete was 7 x 10 j p,

Seis;nic Load

A complete dynamic analysis of the embedded structure requiring a nonlinear
time nistory analysis of the finite element system including the surrounding
soil and the vault is beyond the scope of this study. A simpler approach is
to treat the dynamic loads, including the inertial load of the structure and
the dynamic soil pressure, as equivalent static loads. The applied equivalent

static load is the estimated peak dynamic load. This approach, which neglects

the dynamic amplification and damping effects of the structural system,
usually gives good results for stiff structures.

'
F

s
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Equivalent static responses to the inertial loads of the structure were
obtained oy applying peak ground accelcrations as gravity loads in the three
corresponding finite element global directions.

It is difficult to find the equivalent static load that can truly represent
8the dynamic effects of the surrounding soil. Mononobe and Okabe

developed a method for determining the maximum dynamic lateral pressure en a
retaining structure. A detailed discussion of this method was given by Seed
and Whitman.I4 This method basically assumes that the dynamic pressure has

the same distribution as the static soil pressure with a modification factor
to account for dynamic behavior of the soil and the retaining structure.
Further studies indicate that the dynamic soil pressure distribution
differs from the static pressure distribution. However, not much information

is available regarding the dynamic soil pressure on embedded structures. A
previous study using a finite element model of an embedded vault showed
that a conservative estimate of the peak dynamic soil pressure is given by the
equivalent static pressure, P, as follows:

P = f Y (1 - h) KH ,

where

y = soil density
h = soil depth

H = the peak horizontal ground acceleration
H = soil depth at the bottom of the structure

K = a correction f actor based on finite element model study.

The pressure distribution from this expression is an inverted triangle with
maximum pressure at the top of the structure and zero pressure at the bottom.

Applying this pressure distribution to the vault model raises the problem of
whether negative pressure (tension) should be applied on the far wall when
positive pressure is applied to a near wall. The surface between the silty
clay backfill and the concrete wall cannot develop significant tensile
forces. However, because the walls are always subjected to static soil
compression, the negative dynamic soil pressure should be able to release a
porticn of the static pressure.

,

*'
r

,

.\ |

29

1792 273



,

.

.

Figure 8a shows the vault in cross section and gives the bending moments for
the case of positive pressure acting on one wall. Figure 8b shows the bending

mcments for the case of negative pressure acting on the opposite wall. In

both cases, pressure on a wall induces insignificant bending moments in the
opposite wall.

Figure 8c shows the combined case of positive pressure on one wall and
negative pressure on the opposite wall. We are interested only in the
absolute value of the total response. Although only a portion of the negative
pressure may develop, we have included the complete negative pressure on the
far side of the vault to be conservative.

+M,

+M

-M

1

C

-M
Vault

cross section-

+M

7D. %,7

FIG. Sa. Bending moments, M, that result from positive pressure acting on the

left side of the vault (shown in cross section).
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FIG. 8b. Sending moments that result from negative pressure acting on the
right side of the vault (Note: Pressure on one side of the vault produces
insignificant bending in the opposite wall).
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SEISMIC ANALYSIS METHOD

An equivalent static method was used for the seismic analysis of the vault.
The dynamic amplification effect of the structure is not explicitly included
in this method. The inertial effect of the vault was included by applying a
uniform static load of the peak ground acceleration in the direction of
excitation. The dynamic soil pressure was represented by the equivalent
static pressure as discussed previously. It is reasonable to assume that the
equivalent static approach can give a good estimate of the peak dynamic
response of the system for the following reasons: the predominant dynamic

force for the vault is the dynamic soil pressure, and the dynamic behavior of
the soil-structure system has already been considered in deriving the
equivalent static pressure.

COMBINATION OF LOADS

The two dynamic effects--the inertia of the structure and the dynamic pressure
of the surrounding soil--were analyzed separately in the equivalent etatic
analysis of seismic load for the vault model. For each earthquake component,
these two responses must be combined to give the response to that component.
The inertial response and the dynamic soil pressure response were combined by
the SRSS method because the two responses are not in phase.

LIMITING CRITERIA

The major structural members of the vault are the reinforced concrete walls
and roof. The walls and the roof were modeled by plate /shell elements, and
the stress results were given in two perpendicular in-plane directions in the
form of in-plane stresses and moments. Limiting conditions were defined by
the following two equations for each element.

S" 'S*Y M** M
*Y #

+ + + -1 (1)F* = 3 S "xxu "xyuxxu xyu

"
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and

[M M" I 1 (2)
S

[S U
F ++ += .g3y yyu xyu yyu xyu

The terms, Sxx, S,y, S,y, Mxx, M,y, are the resultants in the local
x and y directions of stresses and moments (per unit length). Two cases were
studied in defining the total resultant forces, which were defined as the
static forces plus or minus the absolute values of the dynamic forces, i.e.,

S = (Sxx)3 1 (Sxx)D , etc.
xx

are the calculatedThe terms, Sxxu' Syyu' Sxyu' Hxxu' Mm , and Mxyu

element limiting capacities for the reinforced concrete section. They are
defined as follows:

yyu) = A f /A , if S >0 (or S >0) (Tension)Sxxu ( " S gy g xx yy

Sxxu (U" Syyu) = 0.85f + A f /A ' II S <0 (or S <0) (Compression)
c sy g xx yy

( + A f /A (Shear)S =2 sy gxyu

xxu (U" "yyu) = A f (d-a/2) (Bending)M
3y

M =2 At (Torsion)xyu g

where

A is the area of reinforcing steel per unit length of the wall or roof
s

in x or y direction
A is the gross area per unit length of the wall or roof in the x or y

g
direction
f is the yield stress of the steel (60,000 psi in this case)y
ffisthe28-daycompressivestrengthoftheconcrete
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(f = 5,000 psi for the wall and 3,750 psi for the roof)
d is the effective depth of the reinforced concrete section

a=Af/0.85f3

t is the thickness of the section.

The limiting capacities of steel roof girders were determined by comparing the
maximum stress in the member with the yield stress of the material.

RESULTS

The equivalent static analysis method was used to analyze the seismic dynamic
loads on the vault. The seven basic static analyses are shown in Table 2.

TABLE 2. Seven basic static analyses of vault and scaling f actors used to
account for different peak accelerations of the three input earthquake
components.

Scaling factor

Case no. Load SRSS method Direct sum method

(1) Dead load plus static soil pressure 1 1

(2) Inertial load, 0.2 g, in the horizontal
X direction 1 1

(3) Inertial load, 0.2 g, in the vertical
Y direction 2/3 0.4

(4) Inertial load, 0.2 g, in the horizontal
Z direction 1 0.4

(5) Dynamic soil pressure in X direction for
0.2 g acceleration 1 1

(6) Dynamic soil pressure in Z direction for
0.2 g acceleration 1 1

(7) Thermal gradient of 700F through the
thickness 1 1

'; 35 .
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Results were scaled prior to combination of loads to reflect the different

peak accelerations of the three input earthquake components. The scaling

factors were 2/3 for case 3 for the SRSS method and 0.4 for cases 3 and 4 for
the direct su:a method. The SRSS method required a direct sum of case 1 and 7

then added to it the SRSS value of the other five cases (Fig. 9). The direct
sum method required the sum of cases 1, 3, 7, the SRSS value of cases 2 and 5

and the SRSS value of cases 4 and 6.

Comparisons were first made between results computed by the two different

methods of combination. The limiting condition factors F and F , definedx
by Equations 1 and 2, differ by less than 10% when results from the two
methods are compared. For most elements, the SRSS method gives high values

because it uses larger vertical and minor horizontal components of ground
motion (0.13 g and 0.2 g vs 0.08 g and 0.08 g). The vault may be more

sensitive than the tank to those two secondary components of the ground motion
because of its large roof mass. The more conservative results calculated by
the SRSS method are presented.

Load case SRSS Method Load case Direct sum method

(1)
(DS)

(7) (3)

(DS)
- Resultant

(3) (2)

- Resultant

(SRSS)

(6) (6)

SRSS = Square root of sum-of the-squares
DS = Direct sum

FIG. 9. Methods used to combine the seven basic static analyses in Table 2.
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The structural responses obtained for the concrete vault confirmed an
observation discussed in two previous studies of the NFS facilities, mainly,
that bending moments induced by the thermal gradient of 70 F in the walls
and roof f ar exceeded the ultimate moment capacities of the concrete section.
The fact that the vault still exists and shows insignificant structural damage
indicates that the thermal stress was overestimated in the analyses. Several

possible explanations for the discrepancy are discussed below:
Uc The gradient of 70 F may be too high. Because the inside surface

temperature of the vault built up over a long period of time, the
outside surf ace of the wall and the surrounding soil had enough time
to respond. The actual outside surface temperature may be higher than

0assumed; thus, the gradient may be smaller than 70 F.
e Thermal loads can be self-relieving because of creep and formation of

cracks in the concrete. Thermal loads are related to the stiffness of
the structure. As cracks and creep develop in the concrete, both

stiffness and thermal load are reduced.

Although we believe that the thermal loads are lower than those predicted on
the basis of a 70 F gradient, we do not know if the thermal loads should be
ignored completely or partially included.

To account for cracking of the concrete, a reduction factor for the thermal
stress of 0.3 to 0.4 has been suggested for use when bending is prevalent,
which will be the case for the vault if the thermal load is the predominant

load. A f actor higher than 0.4 snould be used if the thermal gradient is
small and not many cracks develop. In general, a large thermal gradient will
cause high elastic stresses and many cracks, hence, a low reduction factor
(high reduction). Jn the other hand, a small thermal gradient will give low
elastic stress and few cracks, hence, a high reduction factor (low reduction).

Because we do not acequately know the thermal stress in the vault, the
combined static, thermal, and dynamic results for the vault are presented in
five different cases with 0, 25, 50, 75, and 100". of the tnermal load for

1792 281
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AT = 70 F. The results can be interpreted as cases with thermal gradients of
0 0 00 , 17.5 , 35 , 42.5 , and 70 F and no reduction factor, or as cases having

higher AT and reduction f actors.

If there is no thermal gradient, limiting criteria are not exceeded with peak
ground acceleration up to 0.2 g. Figures 10 to 13 show the regions where

limiting criteria are exceeded and give the associated peak ground
accelerations for the other four cases.

With a 25% thermal load (Fig.10) limiting criteria are exceeded at only a few
places near the center of the structure at 0.2-g acceleration.

For the 50% thermal load (Fig.11) a small area of the edges of the roof near
the center of the vault exceed the criteria at peak accelerations below

0.04 g. More extensive areas are affected at end walls when the peak

acceleration reaches 0.12 to 0.16 g.

If the thermal load is 75% of the maximum (Fig.12), the roof of the vault and
much of the walls will exceed the limiting criteria at 0.02-g peak ground
acceleration. With the full thermal load, (Fig.13) almost the entire vault
exceeds our limiting criteria.

The maximum stress in roof girders is less than the yield stress of the steel
even for the full thermal load and 0.2-g peak acceleration.

i
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CONCLUSIONS

Excluding any thermal load, both tanks and the vault have sufficient strength
to sustain, without serious structural damage, ground excitations up to 0.2 g
in addition to all mechanical loads, including dead load and pressure loads.
The steel tanks have little thermal load and any thermal stress in them could
be relieved by the bolt joints of the base plates. Consequently, the waste
storage tanks are considered able to survive ground excitations with peak
acceleration up to 0.2 g even though the base plates of the tank legs may
yield locally.

The reinforced concrete vault, however, cannot relieve its thermal loads
completely. The actual residual thermal stresses in the concrete vault cannot
be determined in this study because of the nonlinear behavior of reinforced
concrete and insufficient knowledge of the actual thermal graC ent through the
concrete walls or roof. Elastic stresses were calculated for the base case of
70 F thermal gradient. Results indicate that the limiting criteria for the
vault are exceeded at low accelerations if the thermal load is above 50% of
the base case.

A nonlinear analysis of the thermal load case is probably necessary for
gaining a precise understanding of the behavior of the vault under combined
seismic and thermal loads. Without such an analysis, we must rely on
engineering judgment to estimate the actual thermal stress level in the vault
and the peak ground acceleration that the vault can sustain. It is our

estimate that the thermal stress in the vault is about 25% of the elastic
stress calculated for the 70 F thermal gradient. If this is in fact the

state of stress in the vault, then a limited area near the center of the vault
may exceed our limiting criteria during an earthquake with peak acceleration
between 0.13 and 0.2 g.
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Our best estimate of the actual thermal load was submitted to the NRC in a
review draft of this report. The NRC then asked that an additional study be
done to confirm the use of the 25% thermal load case. This additional study
estimated the maximum steady-state temperature gradient through the vault
walls. Two approaches were used as explained in the Appendix. The maximum
temperature differential was calculated to be 25.5 F, and results from the
two methods agreed closely. This separate analysis confirms our selection of
the 25% thermal load case as representative of the actual thermal gradient
through the vault walls. It does not, however, eliminate the uncertainty that

results from using linear techniques to analyze the nonlinear behavior of
concrete.

44,
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APPENDIX: CALCULATION OF THE MAXIMUM TEMPERATURE

DIFFERENTIAL THROUGH THE VAULT WALLS

The problem of estimating the maximum steady-state temperature gradient
through the vault walls (for the purpose of calculating thermal stresses) is
solved using two different techniques. The first is based on the method of
flux plotting.1 This graphical technique can provide quick and useful
solutions to two-dimensional steady-state heat conduction problems for which
extreme accuracy it not important. By constructing a grid of heat-flow lines
(streamlines) anc isotherms (equipotential lines), a purely geometrical shape
factor can be defined that reduces the two-dimensional problem to a

one-dimensional representation.

The second method is a general analytic solution for closed rectangular
parallelepiped shells with arbitrary wall thicknesses, having six isothermal
inner surf aces and six isothermal outer surfaces at specified constant

temperatures. Derived from empirical conduction data, this method treats
the heat flow at the corners of the vault more accurately.

Both techniques essentially reduce the given three-dimensional conduccion
problem to a one-dimensional representation, the first by considering two-
dimensional plarar sections of the vault, the second by treating the vault as
a parallelepipeJ shell. Because a " worst-case" solution is sought, and
because details about the ambient medium are sketchy, these techniques are

considered to be adequate.

The problem was solved by considering the vault to be enclosed within a
control volume (or, in the two-dimensional case, a control surface) with a
uniform thickness of 6.0 feet, equal to the depth of the overburden above the

vault. The outer surface of the control volume is assumed to have a constant
-

temperature of 32 F. This boundary condition represents completely frozen

i
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soil surrounding the vault, a worst-case condition. In each case (2D and 30),

the temperature at the outer wall of the vault was obtained by matching
expressions for heat flux at the interface between the vault and the control
volume.

Representative material properties for the soil are defined assuming dry
earth.3 The dry earth density (87 pcf) is below that used for the seismic
analysis (120 pcf); however, the deviation is not important since density is
not used in the steady-state calculation.

FLUX PLOT METHOD

Figure Al shows the two-dimensional vault and control surface used for the
flux plot method. Figure A2 shows a corner of the model and the flux plot--
heat flow lines and isotherms--for the corner.

In general, the heat flow, q, across the temperature differerce in either soil
or concrete can be described by

q = kcAT

where k is heat conductance. The shape factor, c, is defined as

G= -

R

where

fi is the number of flow wobesc
and

N is the number of temperature increments.
R

The soil and concrete are represented by similar flux plots which share a
coninon boundary. Matching heat flux at this boundary implies

k c1(T -T ) = k2G2(T -T )i 1 2 2 .

*

.

"
1792 293



.

.

.

= ,, .__, . , , ,_ ,;g g ; .i.. ;.. a ; yp ._.

I
I

,16
I

1
I 1.75 -

T
{

l
I 2o

\\\\\\ Y\N\ '' 2.0
I

N I L = 19 or 32I N "

| \ [N
l depending on~ ---

k 140*F l orienta: ionT
| 27 =j

\\ s\ l
! l~ \i |yxi i 1
,

N NN\\N*N''s \N'N'\'NN'N'\\ l
'

1
I

i L 6 typ ,

I
I

I I

I I

I Control surface ;

---------__.________.___w
Dimensions in feet T=T = 32*Fam b

FIG. A1. Planar vault and control surf ace used for flux plot method.

J

t i 1

i I 4 6 i

Soil e Concrete i
,

M 1N ,

,d Flow tubeoT
1 g

,,

T
o/ @ $]

--

t ':
2T. o

$
k l / ,

6 ' ! '' 'g 2s
f i ii(s

- I f , ,

FIG. A2. Flux plot for a corner of the planar vault.

}]92 2950



-

.

Because both regions share a common boundary and because the flux plot method-

requires that the aspect ratio of each cell in the net be =1, this equaticn

can be rewritten as

1 2

7 (T -T ) * T (T ' =)1 2 2
*

1 2

Solving for T in terms of T and T,
2 1

' 6 /k2 2T -T ,= (T -T ,) '

2 1 6 1/kg+62/k 2._

This equation was solved using k1 = 1 Btu /hr-ft UF and k2 = 0.85
Btu /hr-ft UF. Results of the calculation appear in Table A1.

TABLE A1. Results of flux plot calculations for T and AT.
2

6 , ft T ,, UF 6,ft T, F AT = T -T , F
1 2 1 22

1.75 118.5 21.5

6 32

2.0 116.2 23.8

1.75 122.1 17.9

6 50

2.0 120.8 19.2

'1.75 128.1 11.9

12 32

2.0 126.6 13.4
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THREE DIMENSIONAL METHOD

Figure A3 shows the vault, control volume, and parameters used for this
approach. In general,

q = KAT

where K is an equivalent heat conductance calculated for the three-dimensional

body. For the concrete enclosure

q = K (T -T )y 1 2

and for the soil control volume

q = K (T -T ,).2 2

S a = 15.5-

,
T ontrol volumeC T

| g. ,/ I b = 28.5'

I c = 23/ 1 . s. f_ . ,-
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Matching fluxes implies

K (T -T ) * K (T -T ,)y y 2 2 2

Solving for T '
2

'

1/K
2T-T,=(T-T)2 y 1/Ky + 1/K2

'

. .

From geometric considerations,

4|c+ab f+f)1+1.08(a+b)+2.16(a+c)+
Ky=ky

qf. s c

0.4 (46s+6f+S)c
J

= 1392 Btu /hr- F .

Similarly,

. .

+ 2.16 (a' + b' + c') + 1.20 6K2=k2
. .

where

Sy > 2(a'b' + b'c' + c'a')

6=6E=6f=6 s *

Using the values in Fig. A3,

K = 431 Btu /hr OF.
2
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Therefore,

T -T ,= (T -T ,)
2 y 1/431 + /1392

= 82.5 F
0T = 114.5 F

2
AT = T -T = 25.5 F1 2

and (aT/6) max = 25.5/1.75 = 14.6 F/ft, which compares with a (aT/6) max U

13.6 F/ft for the flux plot approach.

If T ,is increased to 50 F, AT is reduced to about 21.6 F. If T ,is held at
32 F and the thickness of the control volume is increased to 12 ft (except for the
depth of overburden which remains at 6 ft), K = 428 Stu/hr OF, T = 114.5 F,

2 2

and AT = 25.5 F.

RESULTS AND CONCLUSIONS

For the planar case, two analyses were completed for wall thicknesses of
1.75 ft and 2.0 f t, yielding temperature differentials through the wall of
21.5 F and 23.8 F, respectively. This result is independent of the
orientation of the planar section taken through the vault because the
geometric shape f actors drop out of the calculation of the temperature at the
vault-control volume interface.

Solution of the problem using the general parallelepiped relationship yielded
a temperature differential of 25.5 F, only slightly higher than that
predicted using the flux plot method. This result is taken as the " final"
result, not only because it is more conservative, but also because the
parallelepiped relationship, being derived from empirical heat conduction
data, is expected to more accurately represent the actual three-dimensional
vault. It is encouraging to note that the results of the two different types
of analysis compare as closely as they do.

.

.
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Companion analyses using the parallelepiped relationship were also performed
for an ambient temperature of 50 F. In this case, the temperature

differential through the walls of the vault is reduced to 21.6 F.

Calculations were also performed to determine the effect of the thickness of-

the control volume. It was determined through these calculations that the
depth of the overburden above the vault is the controlling factor in the
analysis, so long as the thickness of the control volume is at least equal to
the depth of burial. If, for example, the thickness of the control volume is
increased to 12 ft, except for the thickness of the overburden, the calculated
temperature differential through the vault walls is essentially unchanged from
the previous result.

In light of the constraints of time and the lack of detailed problem
definition, these results appear to be reasonable estimates of the worst-case
temperature differential that would occur in the walls of the concrete vault.
It is emphasized, however, that more detailed calculations, including finite-
element modeling, will be required if further quantification is desired.
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Docket tio. 50-201

MEMORANDUM FCR: Leland C. Rouse, Chief
Advanced Fuel and Spent Fuel Licensing Branch

FROM: A. T. Clark, Jr. and Charles J. Haughney
Advanced Fuel and Spent Fuel Licensing 3 ranch

SUBJECT: MEETING WITH NUCLEAR FUEL SERVICES, INC. (NFS) ON
EFFECT OF TORNADO ON DORMANT PLANT AT WEST VALLEY, NEW YORK

The subject meeting was held on December 10, 1979 at NRC offices in
Silver Spring, Maryland. A list of attendees is attached. The purpose
of the meeting was to describe and discuss the analysis performed for
or by the Nuclear Regulatory Ccmission on the effect of tornado on the
dormant reprocessing plant at West Valley, New York. The topics covered
are shcwn in Attachment 2.

Mr. Abbey, of the NRC Office of Regulatory Research, discussed the results
of analyses conducted by Dr. Fujita of the University of Chicago and
Dr. Macconald of Texas Technical Institute. Each analysis deternined the
relationship between tornado size and recurrence interval . The viewgraohs
presented are not reproducible for this meeting sumarj. Mcwever, both
researchers had very close agreement as approximately indicated on Table i
belcw.

Table 1

Tornado Probabili ties

Maximum Annual
Windsoeed Probability

100 5 x 10-4

200 5 x 10-7

300 10-9
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