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Gentlemen:
In the Matter of ) Docket Nos., 50-327
Tennessee Valley Auvthority ) 50-328

SEQUOYAH NUCLEAR PLANT (8QN) - RESPONSE TO QUESTIONS ON REQUEST FOR
LICENSE AMENDMENT TO TECHNICAL SPECIFICATION (7§) - SPENT FUEL POOL
STORAGE CAPACITY INCREASE

On March 27, 1902, TVA requested a license amendment to the SQN technical
specifications to support increased spent fuel storage capacity.

On September 1, 1902, we received guestions from NRC concerning the
structural intogrity anaiysis of the proposed snent fuel storage racks.
The enclosed pages provide TVA's response to those guestions.

Caleulations referred to in this and previous submittals related to this
amendment request were performed and issued by TVA'z contractor, Holtec
International. The appropriate TVA technical organizations have reviewed
and concurred with the calculations. These calculations will be
appropriately incorporated iato the TVA calculation system prior to
actual fuel rack installation.

Please direct guestions concerning this issue to C. R, Davis at
(615) 751-7809.

Sincerely.

QOLOLO

Mark J. Burazynski
Manager
Nuclear Licensing and Regulatory Aff-ics

Enclosures (i"t‘(af
cc: See page
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ce (Enclosures):
Mr., D. E, LaBarge. Project Manager
U.8. Nuclear Requlatory Commission
One White Flint North
11555 Rockville Pike
Rockville, Maryland 20852

Mr. Michael H, Mobley, Director (w/¢c Enclosures)
Division of Radiologicval Health

T.E.R,R.A. Building

150 9th Avenur, N

Hashville, Tennessee 37203

NRC Resident Inspector
Sequoyah Nuclear Plant

2600 Igou Ferry Road

Soddy Daisy, Tenneossee 17379

Mr. B, A, Wilson, Project Chief
U.8. Nuclear Regulatory Commission
Reglon 11

101 Marietta Street, NW, Buite 2900
Atlanta, Georgla 30323
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ENCLOSURE

Page 6-21

Provide a technical basis for the expression "Fa" for the compressive
stress given in page 6-21 by means of derivation or by reference to
an established code or both. Please note that the rack wall has a
posuibility of side sway laterally in a direction normal to the wall,
1.e. the top support of the column may move laterally away frowm the
original position with respect to the bottom support of the column
when a compressive load is applied to a box type structure such as a
rack. Demonstrate that the expression given in page 6-21 conslders
this possibility.

RESPONSE

| Tne loeA due to the welght of the fuel assemblies bears directly on
the baseplate of the fuel rack. Therefore, the only structural
members subject to slgnificant comoression loadings are the support
pedestals. The cellular portion of the rack experiences

| insignificant compressive losdings.

The term Fa includes the factor which accounts for the reduction in
strength due to the slenderness effect of the structural membter.
Since the pedestals have a very low slenderness ratio, there is
practically no reduction in the allowable comprzssive &.rength in
contrast to the tensile strength.

The expression for Fa owes 1ts origin to civil/etructural englineering
| literature and first appeared in the struc:ural engineering Code
| (Manual of Steel Construction, American Institute of Steel
Construction, NY, NY). The ASME Code had this formula in
Appendix XVII of Section III until the 1983 Fdition and subsecuently
in Subsection NF (NF3322.2).

cellular region, there is a large margin of safety &-ainst buckling

in that reglon. This can be confirmed by perusing the maximum stress
factor (above the baseplate) proviued in Tables 6.7.3 through 6.7.20
for various loading scenarios.

I
|
| Becruse of the relatively small axlal compressive stress in the rack
l
|
|



Page 6-23

Stress factors are discussed in page 6-21. Provide the most highly
stressed examples of Rl and R6. Identify what part of the rack these
stresses correspond to and dlecuse the significance of the
compressive stressee by providing the percentage of the compressive
stress contribution to the R6,

RESPONSE
Stress factors Rl and R6 have limiting values for the 12x14 spent

fuel rack. The limiting values come from Table 6.7.30 (for a case
where adjacent racks are assumed to move out-of-phase).

Rl R6 Grogss Cross-Sect

042 .301 Just above baseplate on a section through
the entire cellular region.

287 48B4 Just above baseplate on a section through
one pedesta’.

For a case where the adjacent racks are assumed to move in-phase with
the 12x14 rack (Table 6.7.21) the corresponding values are:

Rl R6
.039 .333
.282 453

For the gross cross-section just above the baseplate (l.e., a
cut-through the cellular region) the highest combined stress will be
at a corner cell. Only .042/.301 = .1395 (14%) will be due to direct
compression acting on the gross cross-section of 12x14 cells. In
reality, the actual primary stress acting on the corner cell just
above the baseplate will all be in compiression since it is at “the
extreme" fidber of the cross-section. The actual value of th!'s stress
on the outermost corner cell will be Rg x (.68y) where .63,
approximates the allowable stress. Thus, the maximum compressive
primary stress at the base of the outermost corner cell in the cell
metal 1s .333 x .68, = 4995 pedi.

We note that on the grose cross-section of the cellular region of the
rack (Just abo“e the baseplate) direct compression plays only a small
rele. Column buckling of the cellular structure as a beam is not a
governing condition because there is only a small component of di.rect
compression imposed during a selsmic event (l.e., the heavy vertical
fuel load is imposed directiy on the baseplate and is not uniformly
distributed along the cells).

For the pedests'. of course, the compressive load factors are a larger

percentage (59-62¥) of the total R-. Buckling of the pedestal is not
& concern since the section is extremely compact.



Page 6- 24

The governing equation on page 6-24 does not have a damping term,
Please explain when a structural damping 1# used. Discuss how tlie
damping term is incorporated in the governing differential equation of
motion, Also, Justify the damping values used, referring to the
Regulatory Guide 1.61.

RESPONSE

The matrix [Q) of the gover .g equation of motion includes the
damping term. Structural damping follows established practice and ie
incorporated into the elastic portion of the model by introducing a
structural dampi g matrix formed by associating linear structural
damping coefficlents of the form ¢ = Bk with every linear spring in
the model. Therefore, the Q matrix containe damping terme linearly
proportional to velocity in addition to spring terms. B is a constant
proportional to the specifled damping percentage imposed on equipment
subjected to the seismic event. As required by the Updated Final
Safety Analysis Report (UFSAR), 2 percent structural damping is used
for the design busls event., Four percent structural damping was used
for the site specific eveut. The desizn bdasis event is the plant
commitment in the UFSAR where maximum 2 percent damping curves are
developed (page 3.7-29 of U¥SAR). For the proposed rerack, TVA also
imposed an additional spectra, corresponding to an SSE event, to be
considered. Since this additional spectra 12 not part of the UFSAR,
the damping value of 4 percent was obtained from Regulatory Guide 1.61
for welded structures. It turned out that eveu with higher damping,
1imiting rack behavior was controlled by the additional site specific
selamic event.

Page 6-2%

Provide a discussion regarding DYNAFACK verification. The discussion
should emphasize the nonlinear portion of the analysis together with
some linear response aspects. Verification should include analytical
calculation as well as experimental results, including full size tests.

RESPONSE

The validation manual for DYNARACK has been previously submitted on
two aockets in the past year TMI Unit one und D. C. Cook). A brief
outline of the validation is provided in "« following.

The validation of DYNARACK is in conformance with the provisions of
the Holtec Quality Procedure HQP 5.2, Computer Programs, and
demonstrates that DYNARACK meets all validation requirevents of
USNRC-SRP 3.8.1. Section II.4(e) of SRP 3.8.1 states that computer
programs used In design and analysis should be described and validated
by any of the following procedures or criteria:
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Page 8-9

Provide a detalled discussion, in terms of numerical valuees, as to
how the maximum stress of (2992 psi 1s obtained on the liner.
Discuss the desig: criterion that is based un an ultimate strength.
The discussion should include the data baeis for the ultimate
strength and how the ultimate strength addresses bearing, tearing
(fracture), denting or any other type of failure mode of the lir-r,

RESPONSE

The maximum liner stress of 22992 psl is obtalned from a finite
element analysis of a portion of the 1i: :r subject to imposed loads
in the vertical and tangential direction. The purpoze of this
analysis 1s to assess whether reracking imposes the potential for
liner damage due to the increased loads. The estimate of liner
stress 1s obtalned by considering the highes{ peak loadi from any
pedestal in the pool during the governing selsmic event to be
applied uniformly over a load patch equal to the nominal size of a
bearing pad., For conservatism, it is also assumed that friction
forces are applied equa’ to .B x the peak normal load in each of two
directions. (It 1s recalled that the bounding value of the
interface coefficient of friction for stainless sheet in water is
0.8) The liner is simulated as a 1/4" thick plate in contact with
an ela :lc foundation (the concrete). A representative section of
the liner is considered and it is assumed that the load patch is
applied near one corner of the liner section considered (roughly 5"
away from a weld seam).

The corresponding 2lastostatic solution encompassing the three
vomponents of load s obtalned and the maximum bending stresa in the
liner determined from the finit> element analysis. The result for
maximum elastic plate bending octress is 22992 psi. As expected,
this maximum stress is near the edge of the seam weld.

The rimary inten* or the ~nalysis is to calculate maximum stress
leve. in the liner and at ~ welds to assess potential overstress
and possible rupture of the liner. There 18 no criterla established
for assessmen. o. liner stress level in the NRC OT Postion Paper;
the margin with respect to the liner ultimate stress provides a
measure of the safety against in-plane rupture.

In thils case, since the stresses remain low, in the elastic range,
rupture of the liner is =t possibdle.



Page B-9

The concept of cumulative damage factor (CDP) 1s us>d in addressing

the adequacy of the pool liner. Provide a basis for the use of CDF

by reference, noting that the nature of seismic loading represents a
i weycle fatigue with relatively high stresses.

RRSPONSE

It is recognized that the vibratory motion of the reck due to the
seismic event inducer cycllic stresser in the pool liner. If the
amplitude of the cyclle stress ir above the endurance 1imit, then
the most llkely actuating mechanism for fallure is low cycle
tutigue. The governing design code for high density racks,
Subsection NF of Section 3, Class 3 does not contain techniques for
futigue analysis. We refer to ASME, Section IIl, Subuection
1B-3222.4 for the appropriate methodology.

The uece of a fatigue criter.on for iiner assessment is another
meesure that is useful for considering implications of the rerack.
8ince fatigue analysis methods are not spelled out in the NF se . tion
of the Code, we refer to ASME, Section IIT, subsection NB-3222.4 for
Class 1 components.

The procedure outlined in NB-3222.4 altzo refers to and regquires use
of Secilons NB-3222.2, NB-32228.5, NR-3215, and XB-3216.
Appropriate fatigue curves for obtaining cyclic iife vevsus
alternating stre~s range are glve» 1~ Section 1II for austenitic
steel.

Another refercnrs wlere the concept of ithe Cumulative Damage Pactor
(CDF) 1s comprehensively explained is the text by David Burgreen,
"Design Methrde for Power Plant Structures," Arcturus Publishers
(1975).

We use the time-history re-ults of pedestal loads :'rom the whole
pool multi-rack analysis to determine the peak impact vertical load
and make a conservative estimate of friction loads at the same
instant. Per the requirements of the fatigue method, stress
intensitles are computed frcm the finite e.ement analy ‘1s, and
cycles are estimated from the time-history pedestal load files. In
this case, since the stresses in the liner are low (see response
number 7), the cumulative damage factor is less than 0.1

(allowable = 1.0).
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: Rg = 333
Spp © Rg"15000°R Spp =6.83°10°

This is (ess than the allowabie weld shear stress,

for feulted conditions, we use .42 x ultima*e stress

as the shear Limit per ASME NF which refers you to Appendix D

for dealing witn faulted conciitions. Note that this weld stress is less
than the weld stress sllowable from the NF table for normal operation.
{21000- 24000 psi)

8, = Tw00 psi® so that

the weld allowable  2ar for SSE (faulted conditions) is

tg T .2'8, ty =2.982"10°
psi
WELD BETWEEN SLPPORT FOOT PAD AND BASEPLATE
The weld between baseplate and support pod?u( is checked by using » s
Limit analysis. This weld is a groovs we'd. Additional weid ares is ‘
provided by gussets agplied at ni v’ Jegree locations, ,&“ e‘-u1
The formula used for the limit analysis is (Dasic pedestal is clrcuhr); F i

F/Fy & (Mx®*2+My**2)%*1/241/MY <= | where

F Mx My ars the calculated moments, FY MY are the yield force and
moment for the weld section. We now calculate the appropriate
quantities.
The allowable weld Limit stress is taken as tag = 42°s,

WE MEGLF.( THE EFFECT OF THE GUSSETYSIIII, Ve will include the gussats in this calculation
only 1f we need them for the Limit qualification

«TES i tw = 625 ty =2.0820 P

A= TOM Pt 2%]
A = 12.49% $q.in. of weld area per leg

FYOE ATt A =3.726"10°
(bs.

My = [rlz-ﬁ”*t. My =1,067"10° in. tb.

We check the welds for critical ceses. The case to check is run
di12xtéa.r18 (table 6.7.2) whict has the critical value of
R4 for the upper support locations.

From table 6.7.30 of Licensing Report referenced above

Rg L84 the values for the individual losd factors are

Ry = .287 on the sama foot
d " Then we est iate the total bending load factor as

(%) is bending effect 2n circular section.)
R, = Rg "R, Ry =0.197

-
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Therefore, the actual stresses (based on support sres and inertia,
ot weld ares, inertia) are

Sh = 15000 psi = é%Sa
SQ ' Spny s =4.305410°
81 * Sp°A, $q =2.95510°

Knowing the sipport area AS and support inertic 1§ input inte the analysis runs, we can back
figure the actual direct load and bending momerits as follows:J| (get data from sec & of this report
dealing with input to predyna)

AS = 45.859 Q. in. 15 = 369.04 in%*4
F1 = S AS F1o=1.97410°
M1 = 5:5'81
' M1 = 2.423010°
| = 51 ) '
Y Ty

| =0.757 « 1 0.x

Mote that this neglects the added inertia and area of the gussets!!!)

ANALYSIS OF SPOT WELDS

Ref. Holtec drawings 852,853, we can locate the spot welds. esash weld is considered as having
e fective diameter .5 inch. There are two welds at any level. Therefore, the weld area available for
shear transfer is

P = 3.14159 .
dw ’ ty =2.982'10° pei
4.2
Sy -7 2‘0'——[ ay =0,393 $q. in.
The capac.ty of the welds (2 at any level) is: Pe ‘= g "1, Pe = 1,171 *10° Lbs.

We compare the weld capaciiy at any (evel by the load that need be transferred by any impact.
For m wele analysis, assume tnat adjacent boxes sre not moving and that the impact L d is being

transferred from the box being impacted by the fuel to an adjacent box
Assume that each weld set transfers impacts at two locations (simultaneously) in the bex

Py = 2°P Py =599 lbs.
Another shear check can be made at the bottom of the rack where we can take the shear loading at the
worst location ardd see if the available weld spots can transfer the load, We make the worst case
assuption that the adjacent boxes are fixed.. From Table 6.7.4 of the licensing report, the limi? value of R2 is
A2 = .04
Therefore, the maximum elastic shear stress i3 S, = 1.S'M‘SY

Smex = 1.538°10° pai P & Qb Pmax =603.77%  Lb.

Pmax is luss than ¢ for both cases considered. Also, note that at the oottom of the rack, there
are two closely spaced set of spot welds $o that the actual capacity is doubled.
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ARLHIVE CALCULATIONS FOR TVA SEQUOYAN REGULAR FUEL
MOAD file \mcad\tvargrpt.mocd  August. 28,1991
IMPACT LOAD BETWEEN FUEL ASSEMBLY AND CELL WALL

Dasign caleulations are made using Section 1 of WI-89330.
NC= number of lo.ded cells, LOAD=total load. From Tabie 6.7.2 of Licnsing repurt HI-91670,
the highest rack to uel impact load is fer run di13x14c.rf8. Also see, table 6.7.12

NC F 182, LOAD = 54%09

therefore, the impact load per loaded cell is

s 080

i

P =299.%5 pounds

we use e, 1.1 and 1.2 of Part 111 of the g eral

seismic report to compute the ce!l capacity. We assume an impact over » length L. Data below
comes from Holtec fuelrack data sheet attached to this calculation,

wes cell width, asfuel width w = A 8 T B.A26
=10
Sy -* 25000, . B
t .= ,0s0 e = !-2_-‘ . e =0.162
o, = syrbede 5]
a, =2.778'10°
per cell including a FURTHER satety factor of 2.0
The shear load Limit is
a =8, i (e ¥) Q =1.382 10
Limit Yy i Uimit -

There will be no danage to the fuel assembly due to this load,
The fuel assembly manufacturer can attest that this load is less
thon chat required to fail the assembly,
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ATTACHMENT POR RPSPONSE TO NRC QUESTION NO. 6

WEIGHT OF SPENT PUEL POOL (in Kips)

ROPOSE CURRZNT
CONCRRTE 18694 .4 18694 .4
WATRR 3918.6 391¢ .6
RACKS 330.8 198.0
SPENT PUEL 3589 .R 2148.3
TOTAL 26533.6 24959.3

26533.5 - 24959.3
%= ¥ 100

24959.3

= 6.3%



