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- - cdmmonw.h Edison | : .

One First National Plaza, Chicago, lllinois
Address Reply to: Post Office Box 767
Chicago, lllinois 60690 '

éi Augustrlo, 1981

Mr. Dennis M. Crutchfield, Chief
Operating Reactors Branch 5 ‘
U.S. Nuclear Regulatory -Commission
Washington, DC 20555

Subject: Dresden Station Units 2 and 3
' Seismic Analysis for Installation
of Five and Ten High Density Fuel
Storage Racks
NRC -Docket Nos. 50=237/249 -~ -~ - -

Reference (a): "Licensing Report Dresden Nuclear
Power Plant Units 2 and 3
Spent Fuel Rack Modification",
Rev. 5, dated 1-19-81.

-Dear Mr. Crutchfield:

e
L

Enclosed for ydur-rgview are the results of the seismic
analyses performed for the installation of five and ten new high
density spent fuel storage racks -of the type described in Reference

(a).

‘These analyses were performed using the - conservative
assumptions discussed in the conference call between Commonwealth

Edison Company, Quadrex Corp., and the NRC staff on July 24, 1981.

As discussed previously, interim installation of five or
ten new fuel storage racks in the Dresden 3 fuel pool will preclude
the need to transfer fuel in fuel shipping casks from the Dresden 3
fuel pool to the Dresden 2 fuel poo] in order to support the January
1982 Dresden 3 refueling outage. ' The fuel transfers would be
necessary to maintain the ability to unload the core to facilitate
NRC required modifications to the feedwater spargers. The five or
ten new racks will provide the additional spaces necessary to
accomplish core unloading without fuel transfers.

Please address any questions. concerning this matter to this
office. : '
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D. M. Crutchfield -2 - August 10, 1981

One (1) signed original and‘thirty-nine (39) copies of this
transmittal are provided for your use.

Very truly yours,

T.é??7;f§2ch

Nuclear Licensing Administrator
Boiling Water Reactors

cc: Region III Inspector, Dresden
Mr. John Wolfe, Esq.
Dr. Linda W. Little
Dr. Forest J. Renwick
Ms. Mary Jo Murray
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Dresden Nuclear Station

Evaluation of Spent Fuel Pool and Racks

for Five and Ten Racks Impacting on‘Pool Floor

INTRODUCTION

It haslbeen proposed that existing»spent fuel racks at the
north end of the Dresden 3 pool be replaced with 5 or 10 new
high-density fuel racks. The scope of the present evaluation
is to determine whether tHe\spent fuel pool floor and walls
can withstand the additional loads resulting from rocking of
the racks during a postulated Safe‘shutdown earthquake. In.
the absence of nonlinear rocking and sliding analysis for the
loaded rack, the magnitude of the maximum uplift was computed
earlier using an energy-balance.method based on the maximum
sliding velocity of an empty rack. This uplift value was
computed to be 0.76 inch. However, for the present evaluation
to be conservative, this uplift value was arbitrarily
increased to 1.0 inch. The existing racks are bolted to the

floor, hence, no uplift of these racks was considered.
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2.0 ANALYSIS AND EVALUATION OF POOL SLAB |
An energy-balance method of analysis was used for eva)uatihg the loads .
on the pool floor. Yo determine an upperbound of this lead, it was as-
sumed that the entire energy resulting from {mpact will be absorbed by
.the-sirain energy of the pool floor and the impacting rack in a single
impact. In other wofds, the energy that would be left in the rack which
would cause it to rebound and rock was not subtracted to compute the
enargy that needs to be absorbed in the pce? floor.
2.1 Input Kinetic Ernergy 4
For 1-inch uplift, the angular velocity of the rack was comﬁutedvta o2
0.177 radian per sec. . This wes determined by equating the restoring
moment of the tilted rack to the product of its moment of inertia and
angular acceleration ang solving the equation of motion., This method
of computing the angulaf velocity, outlined in Reference ljuses the rack
geometry, mass and the uplift value and assumes realistically that the
rack behaves as a rigid body while dropping from the tilted position.
The vertfcal impact velocity at the uplifted end of the rack, computed
from this angular velocity, was 10.02 infsec. The velocity of different
parts would vary between this maximm value and zero (at the piveting
~end). The kinetic energy of impact was calculated using linear velocity
distribution. This method of characterizing the motion of a tilted
structure has been experimentally verified in Reference 2 and is considered
a more accurate representation of the actual phenomena as compared tO the
_ alternate method described in the next paragraph, This method is desig-
nated as Method I.

An alternative method {Fethod 11) of computing the kinetic energy was

also investigated. In this alternative method, the rack was idea!fzed

as a beam having a length equal to the width of the rack. The depth of

the beam was ignored. The tip of the beam was assumed to be upliftad by

1.0 inch and allowed to be dropped. The velocity of the rack at the up-

lifted end was computed assuming a free-fall, {.e., velocity equal 20
/1J§§§-where'g is acceleration due to gravity end h is the droup height (i.e.,
- 1.0 inch}. Using the uplifted-end velocity (27.8 in/sec.) and a lineer

velocity distribution, the impact energy was computed by integrating
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over the length of the jdealized beam. The ‘peak velocity computed this
way assumed a free drop and is not an accurate representation since the
“rack does not fall freely, rather rotates pivoting about the other Jeq.
Thus, the phenomenon assumed in this Method 11 analysis is not considered
a true representation of the actua) situatioﬂ; even though, fur the pur-
pose of cc*oarxson the pool structures have beea evaluated using the
input kinetic energy value> oc*a1ned by both methods. '

2.2 _Energy Absorbing Characteristics-of the Poo] Slab
!mpect energy is dissipated in the pool slab in three ways:
a) Inertia of the pool slab to movenent
b) Strain energy resulting from the local compression of the con-
crete underneath the rack legs
c) Strain energy vesulting from the overall behavior of the fioor
slab acting as a plate | ‘
Since the weight of the supporting pool floor target mass is re?«t:we?y

high, some of the applied energy will be abs orbed becausé of thé inertia ™™

of the member to movement. The target mass was assumed to be equal to
the mass of that portion of concrete pool slab which is contained in the
volume bounded by 45-degree inctlined planes from the edge of the rack
leg and the bottom surface of the pool slab (Referénce 3) as sﬁown in
Figure 2-1. For computing the maximum rack load and the concrete bearing
stress, energy ab;orptIQn due to inertia of the target mass was not con
sidered. ’

Strain energy resulting from the local compression of the concrete under-

neath the rack leg was computed assuming 2 noniinear distributicon of com-

pressive stress under the rack leg as shown in Figure 2-2. The compressive

stress at the {nterface is equal to the bearing stress and, at the bottom
surface, this stress is 2ero, The variation of this stress across the
depth was assumed to be parabolic in corputing the equivalent linear

spring to represent the Jocal energy absorbing characteristics of the slab,
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‘Strain energy resulting from the 6vera31'behavior of the floor siab
acting as a plate would depend upon the location of the impact. For the
five-rack impact, two such locations were considered: |
2} Location R, corresponding to rack legs close to the north wall
of the pool, and , |
b} Location B, corresponding to rack legs away from {he wall,

~Location A is only 9 inches from the wall. Hence, it was assumed that

the energy dissigation resulting from the oversll plate-type behavior
of the fioor would be small and negligible when the rack legs impact in
Location A. Location B 15 about 5.5 ft. from the wall. Energy absorp-

tion characteristics for impact at this location were represented by a
- “Ylingar spring, properties of which were compyted from the bending be- T

havior of the slab. The moment of inertia of the slab cross-section
was computed using the formula 1n ASCE Standard Manua) 58 (Reference 4).
This formula provided a moment of inertfa larger than that obtained
from ACI-318-77 code (Reference 5) (corresponding to sctual moment re-

- sulting from a floor load which produces shesr equal to the shear capac-
- - ity of the slab). Thus, the use of this formula is considered conservative.

Eér the ten rack case, thé récks impéct aléhg two'parallel
lines: Legs nearest the north wall and legs farthest from the
north wall (two parallel rows of 5§ racks each). The analysis
utilized the same methodology described above and the results
reported in Table 2-2a are for impact of the legs nearest the
wall which generates the highest lead at the support and at a
distance, d, from the support. '

o 2.3 Energy Absorbing Characteristics of the Rack '
 When the racks impact on the pool floor, a part of the impact energy will

be absorbed in the form of strain energy of the rack. This energy absorp-
tion characteristic was represented by a linear spring constant. This
linear spring constant was derived using the vertical stiffness and de-
flection characteristics of the detailed finite e1ement mode) of the rack
which was originally used for cead load stress analysis.
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‘2.4 Analysis Results and Evaluation of Pool Siab |

Using the energy balance method described above, the rack impact load on
the pool floor was computed. The computed dynumic amplification factors
are listed in Table 2-1. Combining the rack impact load with the dead
loads and hydrostatic. Yoads and vertical seismic loads, and assuming very
"~ ‘conservatively that a1l the racks impact simu?taneous1y, the shear Yoad in 7.
" .'the poo) slab was computed and compared with the allgwsble values, These

PP

are listed in Tables 2-2 and 2-2a, for five and ten racks,
.respeciively. Shear loads were éomputed at the floor suppdrt
location (Location A) as well as at a distance d (equal to
depth of the s]abj from the supporf (Location B). Comparison
of the computed shear 1oads with the allowable values shows
that tﬁe pool slab can adequately withstand the total loads,
incTuding the impact loads resulting from l-inch uplift of the

loaded racks.
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TABLE 2-1. .

BYKAMIC ARPLIFICATION Facyons(l)
RESULTING FROM RACK INPACT

Location of Drop

A B
Method 1 65 | 6.1
Method 11 | 18.1 17.1

NOTE(l): Dynamic Amplification factor is
. defined as the ratio of rack leg
force during rack impact to the
rack leg force due to buoyant
- weight of the rack applied as 8
static load. ' '
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TABLE 2-2

PGOL SLAB ANALYSIS RESULTS FOR -
FIVE-RACK IMPACT

Estimated Upperbound Uplift = 0.76 in.
Assumed Uplift = 1.0 in.
' Maximum Impact Velocity--
Methed I : Based on Angular Velocity = 10.02 in/sec
¥ethod II: Based on Free Fall = 27.8 in/sec (Se2 Note & below)

Equivalent Uniform Dead Load Qithout Impact--
5 New Rzcks + 01d Racks = G.86K/ft2

Total (including seismic) = §.53K/7t2

Location Shear Load (Kip/ft) Using Method 1(1)
of At Support | At Distance d From Support
Drop .
Computed Allowable Computed Allowable
A £5.5 522.202) | capt gz.6(3)
8 @55 | 522,20 | a0y 82.6(3?

[U

52 shear 1osd at the aorth end of the peal flscor

I

NOTES: (1) Aver
~ (2) Based on Section 11.7.3 of Reference 5 (Shear Friction)

(3) Based on Section 11.3.1.1 of Reference 5 (i.e., the
short formula)

(4) Computed for the purpose of comparison ealy
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TABLE 2-2 (continued)

POOL SLAB AKALYQID RESULTS FOR

Skear Load (Kip/ft) Using Method {41}

Location A 1t
£ B
o At Support At Oistance d From Support |
Drop ' . -
Computed Atlewable Computed Allowable
A 129.0 522.2(2) <203 g2.6¢3
B <129.0 522.2(2) 0.1 82.6(3)

NOTES: (1) Average shear load at the rorth end of the pool floor
(2) Based on Section 11.7.3 of Reference 5 {Shear Friction)

(3) Based on Section 11.3.1.1 of Reference 5 (i.e., the
short farmula) :

(4) Computed for the purpose of comparison only

~N
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Table 2-2a

Pool Slab Analysis Results for
Ten-Rack Impact

Equivalent Uniform Dead Loadlkithovi fmpact--
10 Hew Racks + 01d Racks = 0.98 k/ft2

e e 0 2 s S

Total {including seismic) =

s — ——— ——

$.13 k/fte

 —— —— e — T ——

Shear Load (kip/ft)(!)
Mefhod At Suppoxt At Distance d From Support

- e ]

Computed; _-ﬁll?wabIe :NuFompUtEG__..u_ff}fiffff:_,4
”é‘?°d g1 | 522002 52.5 g2.6(%)

: S SO S IUNPSU S
”e§?°d(3) 179.2° | s22.2(2) 8.2 gg:g§§%
NOTES: (1) Average shear 1oad at north end of the pool floor.

(2) Based on Section
(3) Computed for the
(4) Based on Section
(5) Based on Section

(6) Based on Section
increased by 163

11.7.3 of Peference 5 (shear frictzon)
purpose of commarxson on1y

11.3.1.1 of Reference 5.-

11.3.2.1 of Reference 5.

11.3.2. l of Reference 5 with f’
due to aging.



3.0 EVALUATION OF RACK STRESSES
Table 3-1 preseats the méximum Toads on rack legs when the impact force
resulting from 1-inch uplift is considered. These are based on impact
at Location A, which gives the most critical rack loads. Alss, the
effect of energy dissipation in target mass inertia was ignored to
maximize these rack Toads, and no overall pool slab flexibility was
censidered. Table 3-1 also presénts'the rack losds from the sriginal
fixed-base ana!ysis for the purpose of comparison. Table 3-2 Yisis the
stresses in various critical components of the racks when the effect of
impact resulting from i-inch uplift is included. Comparison Of these
stresses with the allowable stresses shows that the rack design is ade-
quate and no oversiress condition is expected.

3-1
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TABLE 3-1

MAXIMUM RACK LEG FORCES DUE TO RACK IMPACT ON POOL SLAB

Consideration

Maximm Force (kips)

Mothod 1

Corner Leg

Middle Leg

Corner Leg

Analysis

Considering Rack Qs _
Irpact Near Wall 2.3 15.4 256.2 320.2
Original Fixed-Base| 144 g 2089 9.8 .o

ﬁdte; (1) Computed for the purpose of comparison only.




TABLE 3-2 -

STRESS IN RACK COHPONENTSDUE TO RACK IMPACT ON POOL SLAB {3}

2)  Computed
Rack Load } Critical Allowzble tress {ksi})
Component Combination | Stress Type | Stress {ksi) Mothod 11 Method 11 U1
Tube Kall D+B+E* vembrane | 33.5 11.53 31,98
€ ' :

Fuel SUPPOTH —  pagep Kembrane 335 9.28 25.74
LFitier Platd  DeB4E' Fembrane 335 | 9.19 25.49

Base Grid | DB Henbrane 33.5 1.70 .70

Pack Leg CpsB#Et | Membrane 33.5 | B.55 23.71

Interface  paBeE* Bearing 4,76 0.87 | 2.42

kote: {1) Computed for the purpose of comparison only,
- {2) Using a Dynamic Increase Factor of 1.2 per Reference 4. .

(3) Deceleration loads resulting from impact are maximum at the uplifted end
(i.e., the impacted end) and zero at the pivoted end. The rack leg re-
action forces shown in Table 3-1 are for the impacted legs, and so are
bssed on maximum deceleration values. Thus, the ratio besiwesa these
reaction forces to the dead load reaction forces gives the copservative
scaling factor with which the dead load stresses ?from original finite
glement analysis) were multiplied to obiain the stresses ia the rack
for impact loads shown in this tatble. ‘
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EVALUATION OF NORTH WALL

Because of its proximity to the impacting racks, the north
wall of the pool will have loads higher than the other walls.
This wall was evaluated for the combined load (SSE load case)
ihc]uding the effect of five néw racks ‘impacting on the pool
floor. Table 4-1 p;esents the comparison of the shear
capacity with the computed shear loads based on impact at the
critical Location A, for the five rack case. Table 4-la
presents the_comparison of the shear capacity with thé
computed shear loads based on impact of the legs nearest the
North wall, which is limiting, for the ten rack case. Results
bresented in Tables 4-1 and 4-1a show that the computed values
are well within the shear capacity of the wall for both the

five and ten rack cases.



TABLE 4-]

EVALUATION OF THE VERTICAL SHEAR CAPACITY OF THE NORTH HALL (3)

Vertical Shear (kips)

Load Combination ‘ Computed
Allowable

Hethod 1 § Method II(])

4607

4

DHLHHE HImpact | 15,724(2) | 383

- Note: (1) Computed for the purpose of comparison only.

(2) Considering the effect of verticel reinforcement in
resisting diagonal tension reznlting from shear,

(3) Pased on the critical impact Location A.



Table 4-1a

EVALUATION OF THE VERTICAL SHEAR CAPACITY OF THE NORTH WALL (3)

Vertical Shear (kips)

. . Computed
Load Combination Allowable -
' Method 1| Method II( )
D+L+H+E'+Impact | 13,600(2)] 4,270 5,811

Note: (1) Computed for the purpose of comparison
' - only.

(2) Considering the effect of vertical
reinforcement in resisting diagonal
tension resulting from shear.

(3) Based on impact of legs nearest North
wall.
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