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Tennessee Valley Authority, Post Office Box 2000, Spring City, Tennessee 37381-2000

John A. Scalice
Site Vice President, Watts Bar Nuclear Plant

JUN 2 6 1997

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555

Gentlemen:

In the Matter of ) Docket No. 50-390
Tennessee Valley Authority

WATTS BAR NUCLEAR PLANT (WBN) UNIT 1 - ADDITIONAL INFORMATION
REGARDING TVA'S REQUEST FOR LICENSE AMENDMENT TO TECHNICAL
SPECIFICATION .(TS-WBN-96-010) - SPENT FUEL POOL STORAGE CAPACITY
INCREASE - TVA/NRC MEETING RESULTS ON JUNE 18, 1997 (TAC NO.
M96930)

The purpose of this letter is to provide information requested by
the NRC's Structural Engineering Branch during a meeting that was
held in Rockville, MD on June 18, 1997. Following the meeting
with the Structural Branch, TVA met with the Plant Systems Branch
to discuss the one remaining issue' with that branch. As a result
of those meetings, TVA considers this letter to resolve NRC's
concerns associated with the spent fuel pool rerack project.

Enclosure 1 provides responses to the four items from the
June 18, 1997 meeting with the Structural Engineering and Plant
Systems Branches. In addition to the items from that meeting,
Enclosure 1 also revises the response to Question 3 of TVA's
December 11, 1996 letter in response to NRC's request for
additional information dated November 7, 1996. The need to revise
that response is a result of pre-installation inspection findings
and subsequent corrective actions.

Enclosure 2 provides the list of commitments being tracked by TVA
in this letter.
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If you should have any questions, please contact P. L. Pace at
(423) 365-1824.

Sincerely,

A calice

Enclosures

cc (Enclosures):
NRC Resident Inspector
Watts Bar Nuclear Plant
1260 Nuclear Plant Road
Spring City, Tennessee 37381

Mr. Robert E. Martin, Senior Project Manager
U.S. Nuclear Regulatory Commission
One White Flint North
11555 Rockville Pike
Rockville, Maryland 20852

U.S. Nuclear Regulatory Commission
Region II
Atlanta Federal Center
61 Forsyth St., SW, Suite 23T85
Atlanta, Georgia 30303



ENCLOSURE 1

WATTS BAR NUCLEAR PLANT (WBN) UNIT 1
ADDITIONAL INFORMATION

SPENT FUEL POOL STORAGE CAPACITY

ITEM 1

Confirm that the critical stresses in the rack are within allowable limits for the loading
condition in which the rack system pivots on one leg only.

RESPONSE 1

Dynarack computes the state-of-stress (primary) in the fuel rack subjected to three
simultaneous seismic input excitations at discrete locations at each time step. The stress
field is characterized in terms of seven dimensionless stress factors (ratio of the
computed stress to the respective Code allowable stress) in the manner of Subsection NF
of Section III of the ASME Code. Consistent with the conservative practice utilized by
Holtec in all rack dynamic analyses, the maximum value of the dynamic stresses are
compared with static allowable (without credit for increase in the allowable stresses due to
the transient nature of the stresses). The results provided in the Watts Bar Licensing
Report [1 ] indicate that all stress factors in all racks are well below the limiting value of 1.0
for all scenarios analyzed (i.e. various conditions of pedestal-to-support-interface
coefficient of friction, extent of the fuel loading, etc.). Inasmuch as the Watts Bar racks
possess some characteristics of end connected structures [2] as opposed to completely
honeycomb construction, additional supplementary computations using classical strength
of materials are performed to establish the factor of safety (SF). It is recognized that the
location subjected to the maximum load transfer is the pedestal-to-rack casting
connecting structure.

As requested by the Commission, we consider the instant when the rack is supported on
a single pedestal. Specifically, Load Case 10 (Table 6.5.3 in the licensing report), which
maximizes the inertia loading on the 7 x 9 rack, is considered at the instant of time when
only a single pedestal is in contact with the pool slab.

At the considered instant when only one pedestal is. in contact with ground, the 7x9 rack
has a pedestal load consisting of 2 interface horizontal loads and one vertical load. The
input load components at this instant are obtained from the following archived results:

L 158000 Ibf Lx 621 OIbf Ly :25500 lbf

The x,y directions are horizontal, and the z direction is vertical.
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WATTS BAR NUCLEAR PLANT (WBN) UNIT 1
ADDITIONAL INFORMATION

SPENT FUEL POOL STORAGE CAPACITY

The pedestals consist of a male adjustable cylindrical piece with four short gussets,
assumed to act as shear members connecting the adjustable cylinder to the casting grid.
Under faulted conditions, it must be shown that the average shear stress in the gussets
that arises due to the combined effect of the three directional loads remains below the
limit for faulted conditions (0.42 x ultimate strength per ASME Code, Appendix F,
F-1 332.4). It is also necessary to determine whether the bending moment, for beam
bending of the plate gusset, as a guided cantilever, meets the requirements of F-1332.2.

Simple strength of materials force and moment balances are performed on the local
attachment to compute the average. shear stress in the gussets. PaR drawings
D-26758-D and A-26735-00-D are used to obtain necessary dimensions.

Using the properties of 304 stainless steel in casting form and the provisions of F-1 332.4,
we compute the allowable shear stress for the Level D condition, St to be

S -35280 psi

For evaluation of the maximum stress intensity in the gusset when developing a bending
moment due to guided cantilever action, the allowable stress, Sa.i, at the extreme fiber, per
F-1 332.2, is limited to

Sall 64800- psi

Results of Pedestal Gusset Analysis

Shear Safety Factor = 2.37 Bending Safety Factor=1.38

These safety factors are defined as the allowable strength value for Level D conditions
divided by the calculated stress (shear or bending) and are required to be greater than
1.0.

Therefore, it is concluded that adequate margins of safety exist in the rack structure.

[1i] Licensing Report for Watts Bar Nuclear Plant Unit 1, Docket No. 50-390.

[2] Seismic Response of a Free Standing Fuel Rack Construction to 3-D
Floor Motion, A. Soler, and K.P. Singh, Nuclear Engineering and Design,
Vol. 80, 1984, pp 315-329.
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WATTS BAR NUCLEAR PLANT (WBN) UNIT 1
ADDITIONAL INFORMATION

SPENT FUEL POOL STORAGE CAPACITY

ITEM 2

Demonstrate that a single cell will not experience shear buckling. The load may be the total
load divided by 63(cells). Describe approach taken.

RESPONSE 2

A combination of classical stability results, together with rules from ASME Section NF, are
used to demonstrate that safety factors on local buckling exceed 1.0 for an individual fuel
cell (tube).

For this analysis, a single fuel tube in the Watts Bar spent fuel racks is represented as a
guided cantilever beam. Under an end shear force on a single square tube, the tube
deflects into a shape which results in a portion of the flange being loaded by a uniform
compressive stress. The object of this analysis is to determine the local buckling limit for
the compression flange (top or bottom plate of the tube) and for the webs (two side plates
of the tube) and to demonstrate that sufficient safety factors exist against local buckling.

The maximum compressive stress is computed in the flange, and it is related to the
applied end shear force using classical beam theory. The following geometry defines the
beam:

The fuel tube is an 8.75" x 8.75" (inside dimension) x 0.09" square tube. Therefore, the
following three dimensions describe the geometry.

Wall thickness

Cross section dimension of tube opening

tw - 0.09 in

c.= 8.75 in

Length of tube between top and bottom casting L = 164.75. in

The applied loading is the maximum shear force V - 984 1bf
applied to a single tube (Level D conditions).

(1/63 x 62000 Vbf)

The bending moment developed, assuming the tube behaves like a propped beam with
no end rotations, is

M = VL
2

M = 81057 *in lbf
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WATTS BAR NUCLEAR PLANT (WBN) UNIT 1
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SPENT FUEL POOL STORAGE CAPACITY

The area and moment of inertia of the tube cross section, assuming that the section is fully
effective, is

2 2 2Area (cr2tw -c Area 3.182 *in

(c --2.t4 4
Inertia - - Inertia = 41.453-in4

12 12

The maximum compressive stress a in the tube, which occurs in either the top or bottom
flange near the top and bottom casting, due to the bending moment is

M.(c-t
C= C = 8643 *-psi

2 Inertia.

This calculated value is correct only if we can show that local buckling of the compression
flange of the box tube does not occur.

To evaluate local buckling, we use the classical result from [2] Section 9.2, p.351 for a
long plate section forming one plate of a square tube under uniform compression loading.
In the solution given in the reference, the four plates forming the top and bottom flanges
and the side webs of the tube are all subject to the identical uniform compression load.
The case of interest here is a long plate with a compressive load, varying in magnitude
along the length, which goes from compression at one end to tension at the other. In
addition, the web plate which supports the tube is not under a uniform state of
compressive stress, but rather under a linearly distributed stress along the depth of the
web. Therefore, the local condition here is less severe than the problem considered in the
reference. The solution given in [21 by Timoshenko demonstrates that the buckling mode
is one of a series of half waves of length approximately equal to the width of the plate; that
is, the solution can be treated as a problem of stability of a square plate. Because the
webs, in this case, give more support to the compression flange, the use of the classical
solution from [2] is used as a conservative mechanism for predicting the elastic stability
limit for the compression flange of the tube. Therefore, the local critical buckling stress ac
is computed as

2 2
k . 7r

k12 E (t)2

12'1 v
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where E is the elastic modulus, v is Poisson's ratio, and k is a factor obtained from Table
9.1 of [2]. -

tw_
w = 0.01
C

E 27600000 psi v = .3 k = 4

Calculating the instability stress, the following value is obtained:

2 t \ 2
k7. Ti. E I-w

c . c
12. 1'1 2 C

aC = 10556 -psi

The safety factor against local buckling of the compression flange, SFflange, is defined as
the ratio of the critical stress divided by the calculated stress. In this case, since the
buckling remains elastic,

ac
SF flange a c

a
SF flange = 1.22

While this margin is greater than 1.0, and has been determined in a conservative manner,
it is noted that there is additional reserve strength due to the post buckling behavior of a
plate. The actual load capacity, Pult, of the local area of the compression flange of the tube
is given as (p. 425 of [2]):

.E, 2

where C is obtained from a curve in (2], and Cy is the material yield strength.

a y 25000 psi

Compute the following quantity in order to obtain C from (2]:

Etw
. - = 0.342

Y C
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Therefore, from [2],

Ult - C. E.Ytw

C = 1.55

P ult = 10429-lbf

The average direct stress in the flange corresponding to this load is computed as:

P ult
ult (c tw.t a ult = 13108 *psi

Therefore, the safety factor, SFult, on compression flange ultimate carrying capacity is
actually

SF ult -

a ult

a
SF ult = 1.52

For completeness, we also address the stability of the "webs" of the box tube under the
same load. That is, we demonstrate that the side walls of the tube are able to develop the
full bending moment at the support. This demonstration is performed using formulas in [2]
and confirmed by current ASME Code rules. It is shown in [2], (p.437) that this is
predominately a matter of insuring that the unsupported depth to thickness ratio is less
than a specified value. The calculated value for the fuel tube, based on the established
geometry, is

- 97.2
tw

This is less than the value of 170 suggested in the reference which implies that web
instability is not a concern. The ASME NF Code [3] also provides guidelines for webs.

In the Code, Sections NF-3322.6(a) and NF-3322.6(e)(2) deal with webs. Per 3322.6(a),
the ratio of the clear distance between flanges to the web thickness shall not exceed

14000

ay Ia 16.5 .
, 1000.psi \1000.psi I

= 435
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WATTS BAR NUCLEAR PLANT (WBN) UNIT 1
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Per 3322.6(e)(2), the average web shear stress shall not exceed the value F, derived
below from formulas taken directly from the code.

Calculate k and Cv per the formulas below, with due respect for the current nomenclature

k = 5.34 r 4
" L \ 2
i, /IlL1
1\ C/

k = 5.35

190 s
* k- 1 000. P-

c ay
Gy

w

a y
F v 2 8 C v

2.89

C v = 0.904

F v = 7821 -psi

The actual web shear, based on the postulated.applied horizontal shear load per tube
(each tube has 2 "webs"), is

V
tweb 21 't wci tweb =6 2 5-psi

The above analysis confirms from two independent sources that buckling of the web is not
credible under the specified applied load. It is concluded that the individual fuel tubes will
support the specified horizontal shear load.

[1] PaR drawing A-26734-00-D

[2] Timoshenko and Gere, Theory of Elastic Stability, McGraw Hill, 2nd
Edition, 1961.

[3] ASME Code, Section IlIl, Subsection NF, 1995.
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WATTS BAR NUCLEAR PLANT (WBN) UNIT 1
ADDITIONAL INFORMATION
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CONCERN 3

Perform visual examination of the accessible welds of the cells to the top and bottom
castings.

RESPONSE 3

TVA will examine the accessible welds of the cells to the top and bottom castings of the
racks before final installation of the racks in the pool. The appropriate portion of the
manufacturer's drawings that show the details of the welds are provided as an excerpt
in Figure 3.1.3 of the October 23, 1996 licensing amendment request. To date, four
bottom castings have been examined and the welds conform to the drawing detail.

PLANT SYSTEM REVIEW

CONCERN 4

The following provides operating conditions that will be added to the Final Safety
Analysis Report (FSAR) Section 9.1.3, "Spent Fuel Pool Cooling and Cleaning
System." TVA and NRC Plant Systems Branch were in agreement with these operating
conditions in the June 18, 1997 meeting.

* For planned and unplanned refueling outages, TVA will limit the heat load in the
spent fuel pool to 32.6E+06 BTU/hr.

* TVA will ensure that sufficient spent fuel pool cooling equipment is operating and
the rate of fuel transfer is controlled such that the spent fuel pool temperature does
not exceed 150 degrees F during anticipated refueling activities.

* In the worst case design basis single active failure scenario spent fuel pool
temperature will not exceed 159 degrees F.

* Operating procedures will provide the controls necessary to ensure the above
limitations are met.

* A decay heat calculation is routinely performed at the end of each operating cycle
to produce decay heat vs time curves for the core and spent fuel pool. This
calculation can be used to determine time to begin core off load and rate at which
the core can be off loaded.
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REVISED RESPONSE TO PREVIOUS REQUEST FOR ADDITIONAL INFORMATION

The following provides a revised response to Question 3 of TVA's letter dated
December 11, 1996.

Question 3 in NRC's request for additional information dated November 7,1996, asked
if the encapsulated Boral was vented to allow for relief of off-gases. TVA's
December 11, 1996, response to that question states that the encapsulated Boral in the
Programmed and Remote System Corporation (PaR) storage racks was not vented.
During the pre-installation visual examinations, evidence of possible off-gassing has
been observed as outward bulging of the Boral sheathing around some of the PaR rack
storage cells. TVA evaluated the bulging and is correcting this problem by venting all
the cells.

Vented Boral cells Which allow for relief of off-gases is consistent with current spent
fuel storage rack design practices. In a January 31, 1997 letter, TVA justified that a
Boral surveillance program was not planned for WBN. That justification remains valid
with the vented cells in the PaR racks.
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ENCLOSURE 2

WATTS BAR NUCLEAR PLANT (WBN) UNIT 1
SPENT FUEL POOL STORAGE CAPACITY

LIST OF COMMITMENTS

1. TVA will examination the accessible welds of the cells to the top and bottom
castings of the racks before final installation of the racks in the pool.

2. TVA will update the FSAR Section 9.1.3 with the operating conditions discussed
in the June 18, 1997 meeting.
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