1901 Gratiot Street
Post Office Box 149

St Lows, Missouri 63166
J14-554-2650

21 September 21, 1989

U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk

Mail Station P1-137

Washington, D.C. 20555

Gentlemen: ULNRC-2077

DOCKET NUMBER 50-483
CALLAWAY PLANT
SEISMIC DESIGN OF SAFLTY-RELATED ABOVE-CROUND
VERTICAL LIQUID STORAGE TANKS

Reference: NRC Request for Information
letter, J. N. Hannon to
D. F. Schnell, dated 5-23-89

The referenced letter raised an issue regarding the
seismic design of the Refueling Water Storage T1ank (RWST)
and Condensate Storage Tank (CST) at Callaway Plant. As
requested, the attachment provides a summary of the RWST
seismic analysis which includes the effects of tank wall
flexibility and is consistent with the nine acceptance
criteria given in the reference. This issue is not
applicable to the CST at Callaway since it is non-seismic
and has no safety function (i.e., the essential service
water system provides the safety-related water supply for
the auxiliary feedwater system at Callaway as discussed in
FSAR Table 3.2-1 item 5.11, Section 9.2.6, and Section
10.4.9).
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If you have any questions regarding the attachment,
please contact us.

Very truly yours,

el
%voonud F. Schnell
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STATE OF MISSOURI )

)
CITY OF 8T. LOUIS )

Alan C., Passwater, of lawful age, being first duly sworn
upon oatn saye that he is Manager, Licensing and Fuels (Nuclear) for
Union Electric Company; that he has read the foregoing document and
knows the content thereof; that he has executed the same for and on
behalf of said company with full power and authority to do so; and
that the facts therein stated are true and correct to the best of his

knowledae, information and belief.

k.

Alan C. Passwater
Manager, Licensing and Fuels
Nuclear

SUBSCRIBED and sworn to before me this d/’fj day of W, 1089

X

BARBARA J. PFAF,
NOTARY PUBLIC, STATE OF MISSOURI
NY COMMISSION EXPIRES APRIL 22, 1993
§T. LOUIS COUNTY.
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Gerald Charnoff, Esq.
Shaw, Pittman, Poirts & Trowbridge
2300 N, Street, N.W.

Washington, D.C. 20037

Dr. J. 0. Cermak

CFA, Inc.

4 Professional Drive (Suite 110)
Gaithersburg, MD 20879

R. C. Knop

Chief, Reactor Project Branch 1
U.S. Nuclear Regulatcory Commission
Region TIT

799 Rooseve’t Road

Glen Ellyn, Illinois 70137

Bruce Little

Callaway Resident Office

U.S. Nuclear Regulatory Commission
RR#1

Steedman, Missouri 65077

Tom Alexion (2)

Office of Nuclear Reactor Regulation
U.S. Nuclear Requlatory Commission

1 white Flint, North, Mail Stop 13E21
11555 Rockville Pike

Rockville, MD 20852

Manager, Electric Department
Missouri Public Service Commission

P.O. Box 360
Jefferson City, MO 65102
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Fluid Parameters

The design fluid parameters were developed in
accordance with the procedures outlined in Reference
2. Specifically, the fluid was modeled considering
the appropriate breakdown between the rigid
(impulsive) and oscillating (sloshing/convective)
portions associated with this mass.

Soil- . iructure Interactior Effects

In order to include the effects of soil-structure
interaction, the tank stick model was coupled with
the foundation medium using a lumped mass parameter,
elastic half-space, representation. The soil
parameters (springs & dampers) were computed in
accordance with the procedures outlined in Reference
3. In order to account for the sensitivity
associated with these parameters, pertaining to the
resulting responses, the soil shear modulus value was
varied by +/-50 percent in the analysis. As such,
this resulted in three cases (i.e. lower bound,
average & uppe* bound) being investigated.

The lumped parameter, elastic half-space,
representation was selected, in lieu of a finite
element representation, based on the results orf
previous SNUPPS studies and the shallow embedment
(i.e. only 4.5 feet or less than 10%) of this
structure as compared to its overall height of 53
feet.

Nozzle Loads

The nozzle loads used in this tank/foundation
reanalysis were taken from the original seismic
analysis. This approach was deemed acceptable
congidering the insignificant contribution of the
nozzle loads to the overall moments and forces on the
tank and foundation. The validity of thie approach
was fubsequently confirmed by calculating new nozzle
loads for all six RWST nozzles and comparing them
with the old nozzle loads. The effects on the
tank/foundation reanalysis were found to be
insignificant.

DISCUSSION OF NRC ACCEPTANCE CRITERIA

The following discussions are presented in the same
order as listed in Reterence 4.

Per Reference 2, a minimum of two horizontal modes of
combined fluid-tank vilration (one impulsive and one
convective) and one vertical wode of f'uid vibration
must be considered. However, this reanalysis was
performed considering all modes below 50 Hz. The
fundamental sloshing (convective) mode of the fluid
was included in the horizontal analvsis.
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The frequency of the fundamental horizontal impulsive
mode of the tank and fluid system was determined by
the BSAP computer program runs. For the impulsive
mass, several dominant modes occurred before the ZPA.
Per Reference 2, only the first fundamental impulsive
mode needs to be considered. The horizontal
impulsive mode spectral acceleration, as well as the
horizontal convective mode and vertical mode spectral
accelerations, were determined by the BSAP computer
code runs as discussed previously.

Material properties used in the reanalysis included
damping values for the RWST shell that were taken
from Regulatory Guide 1.61 listings corresponding to
welded steel structures (i.e. 2% of critical damping
for OBE, 4% for SSE).

The convective fluid damping value of 1/2% of
critical damping was used, as specified in Reference |
- P

The maximum overturning moment at the base of the

RWST was obtained by the square-root-sum-of -sgquares

(SRSS) combination of the impulsive and convective

horizontal overturning moments, pursuant to Reference 1
2. Anchor bolts are discussed under item (h) below. |

The seismically-induced hydrodynamic pressures on the
RWST shell at a given level were determined by the
SRES combination of the horizontal impulsive,
horizontal convective, and vertical hydrodynamic
pressures which were calculated per the Reference 2
methodology. Since SSI effects are to be considered,
ithe spectral acceleration correspording to the
fundamental vertical mode was used, rather than the
vertical ZPA value, in equation 2.2.5.1 of Appendix C
to Reference 2. The hydrodynamic pressure at a given
level was added to the hydrostatic pressure at that
level to determine *he hoop stresses in the RWST
shell courses. It was confirmed that the membrane
hoop stresses were within the normal allowable limits
and that the shell thicknesses satisfied the
Reference 5 requirements.

The fluid slosh height was calculated per the
Reference 2 methodology (d=3.36 feet). The roof and
top angle design is adeguate to accommodate the
pressures resulting from fluid sloshing effects.

The tank foundation was verified to be able to
accommodate the seismic forces imposed by tlie base of
the tank. Soil pressure allowables were met.

Anchor bolts were verified to adequate; no net
tension was demonstrated to exist in the anchor bolts
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and the maximum shear load per anchor was calculated
to be less than the allowable working stress. As
such, the primary function of the foundation slab is
to provide additional dead weight to resist
overturning and/or sliding. Overturning
requirements, including the 1.50 FSAR factor of
safety, were satisfied. Sliding requirements,
including the 1.10 FSAR factor of safety, were also
satisfied. The foundation slab design moment and
shear loads were verified to satisfy allowables.

Design reactions and moments at the base of the six
tank shell courses were calculated as follows.

Reactions included dead weight loads, loads due to
the vertical mode spectral acceleration (OBE or SSE)
acting on th? dead weight loads, and nozzle shear
loads.

Moments about the shell courses' horizontal axes were
calculated from nozzle loads and the overturning
moment discussed under item (e) above. The nozzle
load contributions to these moments included the
effects of nozzle moments and radial stresses
inducing a moment about one horizontal axis (y-axis)
as well as the effects of nozzle torsional moments
and shear stresses inducing a moment about the other
horizontal axis (x-axis). The effect of the
overturning moment was included in calculating the
shell course moment about the y-axis. To account for
the second horizontal direction, forty percent of the
effect of tne overturning moment was also included in
calculating the shell course moment about the x-axis.
A shell course resultant moment was then calculated
by the SQSS combination of these horizontal moments.

These reactions and moments were then used to
calculate the maximum longitudinal compressive
stresses in the six shell courses. These maximum
stresses were subsequently compared to allowables
computed per Article NC-3133.6 of Reference 5. It is
noted that the calculated compressive stresses do not
include the effects of roof snow loads. This follows
from FSAR Section 3.8.3.3.4.d (i.e. live loads for
seismic analyses do not include the 100-year
recurrence snowpack load discussed in FSAR Section
2.4.2.3.2 since this load is not expected to occur
concurrently with seismic loads).

The maximum longitudinal compressive stresses were
shown to be acceptable with consideration given to
the actual tank shell plate yield strength of 37 ksi
per the cert fied material test reports (CMTRs) for
the SA240, .ype 304 stainless steel shell plates.
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This demonstrated that buckling of the tank will not
occur.

The connected piping, instrument tubing, and their
supports were also reviewed and verified to be
adequate as a part of this reanalysis effort. This
included the generation of several new stress
calculations.

Tank sliding was verified to not occur, as discussed
in item (h) above.

RESULTS

(a.) Seismic Responses of Tank/Foundation System

1. Horizontal Impulsive Mode(s)

Several dominant imodes occurred before the
ZPA frequency; however, the first deminant
horizontal impulsive mode occurred between
the frequencies of 4.60 and 5.55 Hz,
depending on the soil shear modulus used.
This mode represented approximately 70% of
the total system horizontal mass.

- IR Horizontal Convective/Sloshing Mode

The fundamental horizontal
convective/sloshing mode occurred at a
frequency of 0.22 Hz and represented
approximately 15% of the total system
horizontal mass. Note that only one

convective mode was applicable since all of

the convective mass responded during the
first mode.

3. Vertical Mode

In the vertical direction, only one
dominant mode occurred before the ZPA
frequency. Depending on the shear modulus
used, this mode was determined to occur
between B8.38 and 11.08 Hz and represented
approximately 93% of the total system
vertical mass.
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(b.) Design Forces and Moments for Tank/Foundation
Reanalysis

Revised seismic forces and moments for the tank
and foundation were computed for the licenced
OBE and SSE earthguakes. The maximum values of
these revised seismic loads were then combined
with the appropriate nozzle forces and moments
from the original analysis, as discussed above,
and utilized to reanalyze the various structural
components per the applicable reguirements of
References 5-7.

(c.) Connected Piping Evaluation

The effects of the new RWST analysis on the
connected piping, tubing, and associated
supports were also evaluated and all items were
found to be structurally adegquate.

CONCLUSIONS

The results of the tank/foundation reanalysis confirm
tiiat the Callaway RWST structure meets the licensed
FSAR reguirements. Specifically, the structure and
ite foundation are acceptable, based on the Reference
<z design methodology, for both the licensed 0.12g OBE
and 0.20g SSE seismic design ground response spectrum
inputs.

Additionally the existing piping, tubing, and support
analyses, including tank nozzles, have also been
reviewed and reanalysis performed as necessary. All
compcenents were found to be ada2quate for the effects
of the new analysis.
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