UNITED S
NUCLEAR. REGULATORY COMMISSION
WASHNGPITON. 0. C. MOSS

;June 27, 1989

Docket Nos. 50-390
dnd 50- 391

M. Qiver 0. Kingsley, Jr.

Senior Vice President, Nuclear Power
Tennessee Valley Authority

6N 38A Lookout Pldce

1101 Market Street

Chattanooga, Tennessee 37402-2801

Dear. M. Kingsley:

SUBJECT:  SEI'SM C DESI GN CONSI DERATI ON FOR CERTAI N SAFETY- RELATED VERTI CAL
STEEL TANKS - (REQUEST FOR | NFORMATI ON) (TAC NOS. 73097/ 73098)

As aresult of activities related to the technical resolution of Unresol ved
Safety Issue (USI) A-40, *Seismc Desi gn Criteria," a prelimnary deternination
has been made that a potential safety issue exists with regard to the ability
of certain safety-related above-ground vertical liquid storage tanks at the
Watts Bar Nuclear facility to maintain their structural and functional jntegrity
during postulated earthquake events. To make a final determination 3s to the
safety significance of this issue, the NRC staff requests the information
identified below The following isa brief descri ption of the technical basis

for the staff concern.

There has been d significant evolution inthe seisnic design practice for
tanks. Inthe pdst, the nethod used for tank anal ysis (Ref. 1of the enclosure)
did not account for tank flexibility. As a result, some large tanks were
designed for significantly |ower |oads compared to current practice (Ref. 2 of
the enclosure). The Lawence Ljvernore National Laboratory (LLNL), an NRC
contractor, has estimated this difference to a factor of 2to 2.5. That is,
the past design practice led to tanks bej ng designed for |oads that could be a
factor of 2to 2.5 less than current practice. The source of this factor is
the anplification of spectra at typical tank frequencies. Coupling the above
with the observation of tank failures at non-nuclear facilities during past
earthquakes (nost recently, at Coalinga, California inwy 1983, incChile in
1984 and inMexico in 1985), the staff considers this a potentiall] significant

safety issue.

I'norder to makt t final determination on this issue, you are requested to
provide, within '20 days of receipt of this letter, the information jdentified
bel i w.

1. 4 tank wall flexibility was considered in the seisnic design of the

Refueling Water Storage Tank and the saf ety-related Condensate Storage
Tank/Auxiliary Feeowater Storage Tank at your facility as outlined in
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M. Qiver D. Kingsley, Jr. -2-

the enclosure to this letter, provide a summary of the anal yses
sufficient to show how steps a. through i. of the enclosure were
considered and the results of these analyses.

2. Iftank wall flexibility was not considered as outlined i nthe enclosure

to this letter for the above tanks, inview of the new information
described above, provide the basis for ccntinued confidence i nthe
ability of the tanks to withstand the seismic event specified as a design
basis for your facility. One option may be to use the procedures

devel oped by the Seismc Qualification Wility Goup (SQUG under the
resolution of USI A-46, "Seismic Qualification of Equipment in Cperating
Plants," to check the adequacy of the above-mentioned tanks for seisnic
events.

The reporting and/or recordkeeping requirenents contained inthis request
affect fewer than ten respondents; therefore, OVB clearance isnot required
under P. L. 96-511.

| f you have any questions, please call the NRC Project Manager, R. Aul uck
at (301) 492-0759.

Sincerely,
Original signed by

Suzanne C. Black, Assistant Director

for Projects
TVA, PI’O]FC'[S P|VISIOn ,
fice of Nuclear Reactor Regulation

Encl osure:

NRC St af f - Reconmended Met hod for
Seismc Analysis of Above-G ound
Tanks

cc w encl osure;
See next page
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Encl osure

NRC St af f - Recormmended Met hod
for Seismic Analysis cr Above--G-ound Tanks

Most above-ground fluid-containing vertical tanks do not warrant sophi sti cat ed,
finite elenent, f|uid-structure interaction anal yses for seismc |oading.
However, the commionly used alternative of anal yzing such tanks with rigid wall
assunption (Ref. 1)my be inadequate | Nsone cases. The nmjor problemi s

that direct aPFI!catlon of this nethod i sconsistent with the assunption that
the conbined fluid-tank systemi nthe horizontal inpulsive node i ssufficiently
r|?|d tojustify the assumption of arigid tank. For the case of the flat
bottomed tanks mounted directly on their bases, or tanks with very stiff skirt
supports, the assunption |eads to the usage of a spectral acceleration equal to
the zero-period base acceleration. Recent' eval uation techniques (Ref. 3'and 4)
have shown that for typical tank designs the frequency for this fundanental
horizontal impulsive mode of the tank shell and contained fluid is generally
between 2and 20 H.  Within this regime, - the spectral acceleration “is typically
far greater than zero-acceleration. ~Thus, the assumption of a rigid tank could
lead to inadequate design |oadings.

The acceptance criteria below are based upon the information contained in
References 1-4. These references also cont aln acceptabl e cal cul ational
techniques for the inplenentation of these criteria

a. Amninum acceptabl e analysis shoul d incorporate at |east two horizontal
modes of combined fluid-tank vibration and at least one vertical mode of
fluid vibration.  The horizontal response analysis should include at
least one inpul sive mode i nwhich the response of the tank shell and
roof are coupl ed together with the portion of the fluid contents that
moves i nunison with the shell. Furthermore, at |east the fundanental
sloshing (conv.ective) mode of the fluid should be included i nthe
horizontal anal ysis.

b. The frequency of fundamental nhorizontal i mpul se node of the tank and the
fluid srst em shouj|d be estimted. |t sunacceptabl € to assume arjgid
tank unless the assunption can be Justified. ~The horizontal inpulsive
mde spectral acceleration i sthen determned ysi nP this frequency of
fundanental horizontal inpulsjve node and tank-shell damping.” The maxi mum
horizontal spectral acceleration associated with fhe tank support at the

tank-snell damping level maY be used instead of determining frequency of
fundanental horizontal impulsive mode.

C. Danping values used to determine the spectral acceleration i nthe
i mpul sive mode should be hased upon the values for tank shell naterial as
specified i nthe current SRP Section 3.7.1.

d. I ndeternining the spectral acceleration i nthe horizontal convective mode
the fluid danping ratio should be 0.5% of critical danping unless ahi gher
value can be substantiated by experinental resqlts.



e. The maxinmum overturning monent M at the base of the tank should be
obtained by the nodal and spatiaT conbination met hods di scussed i nthe
SRP Section 3.7.2.1.  The uplift tension resulting fromM should be
resisted either by tying the tank to the foundation with al chor bol ts,
etc., or by nobilizing enough fluid weight on a thickened base skirt
plate. The latter method of resisting M3 nust be shown to be
conservative.

f. The seismically-induced hydrodynamic pressures on the tank shell at any
level can be determined by the nodal and spatial combination nethods i n
the SRP Section 3.7.2. The hydrodynam ¢ pressure at any level should be
added to the hydrostatic pressure at the level to determine the hoop
tension i nthe tank shell.

g. FEither the tank top head should be located at an elevation hi gher than
the slosh height above the top of the fluid or else should be desi gned
for pressures resulting fromfluid sl oshi ng against this head. The
method i ncurrent design codes for calculating slosh height i s not
necessarily conservative. Formulas given i nRef. 1 can be used t o

cal culate slosh height.

h. The tank foundation (see also SRP Section 3.8. 5) should be designed to
acconmodate the seismc forces imposed by the base of the tank. These
forces include the hydrodynanic fluid pressures i nposed on the base of
the tank as well as the tank shell |ongitudinal conpressive and tensile

forces resulting fromNs

i . Inaddition to the above, consideration should be given to prevention of
buckling of tank walls and roof, failure cf connecting piping, and
sliding of the tank.
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