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,--, ... e Commonw. Edison 
One First National Plaza, Chicago, Illinois 
Address Reply to: Post Office Box 767 
Chicago, Illinois 60690 

• 
August 10, 1981 

Mr. Dennis M. Crutchfield, Chief 
Operating Reactors Branch 5 
U.S. Nuclear Regulatory ·Commission 
Washingt-0n, 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~-50~2371249· · · 

Reference (a): "Licensing Report Dresden Nuclear 
Power Plant Units 2 and 3 
Spent Fuel Rack Mbdification 11

, 

Rev. 5, dated 1-19-81~ 

-Dear Mr. Crutchfield: 
v·. 

Enclosed for your· review are the results of the seismic 
analyses performed for the iristallation of five and ten new high 
density spent fuel ~torage racks -of the type described in Reference 
( a) • 

These analyses were performed using the·conservative 
assumptions discussed ih the confe~ence call between Commonwealth 
Edison Company, Quadrex Corp., and the. NRC staff on July 24, 1981. 

As discusse~ previously, inte~~m installation of fi~e or 
ten new fuel storage racks in the Dre.sden 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 pool in order to support the January 
1982 Dresden 3 r~fueling 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 o~ 
t e n n e w r a c k s w i 1 1 p r o v i d e t h e a d d i t i o n a 1 s p a c e s n e c e s s a r y t o ... ., .. '· 
accomplish core unloading without fuel transfers. 

Please address any questi~ns concerning this matte~ to this 
office. 

~: . -'··' 



• 
0. M. Crutchfield - 2 - August 10, 1981 

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

Very truly yours, 

.:J/IP~ 
T. J. Rausch 

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 

lm 
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Dresden Nuclear Station 

Evaluation of Spent Fuel Pool and Racks 

for Five and Ten Racks Impacting on ·Pool Floor 

1.0 INTRODUCTION 

2392N 

It has been 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 ~plift 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 ~~D EVALUATION OF POOL SLAB 
An energy-balance method.of analysis was used for evaluating the loads . 
on the pool floor. To determine on upperbound of this lead, it was as­
sumed that the entire energy res~lting from impact will be absorbed by 

.the strain energy of the pool floor and the ir....pacting rack in a single 
impact. In other words, the energy that would be left in thf! rac:k which 

would cause it to rebound and rock was not subtracted to com;>ute the 
energy that needs to be absorbed in the pool floor. 

2.1 ln£ut KjE_etic Er.ergl 

For 1-inch uplift, the angular velocity of the rack was computed to be 

0.177 radian per sec. This was determined by equQtin9 th~ restoring 
moment of the tilted rack to the product of its m~-nent of inertia and 
angular acceleration ~nd solving the equation of ~~tion. This method 

of computing the angu1ar velocit.Y,, outlined in Reference I, uses the rack 
get>tlletry, mass and the uplift value and asswr~s realistically that the 

rack behaves as a rigid body while dropping from the tilted position. 
The vertical impact velocity at the uplifted end of the rack, computed 
from this angular velocity, was 10.02 in/sec. The velocity of different 

parts would vary between this maximum value and zero (at the pivoting 
end). The kinetic energy of impact was calculated using -linear ve1ocity 

distribution. This method of. characterizing the m:>tion of a tilted 

structure has been expedmenta lly \'erified in Reference 2 and is considered 

a more accurate' representation of the actual phenomena as corr~ared to the 
alternate method described in the next paragraph. This.method is desig~ 

nated as Method I. 

An alternative method {Method 11) of computfng the kinetic energy was 
also investigated. Jn this alternative ~~thod, the rack was idealized 
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 up lifted by 

1.0 inch and all~Fted to be dropped. The velocity of the rack at the up­

lifted end was coc:puted assuming a free-fall, i.e., velocity equa1 to 
!1./2gh where g is acceleration due to gravity and his the drop height {i.e., 

1.0 inch}. Usfng the uplifted-end velocity (27.8 in/sec.) and a linear 
velocity distribution, the impact ene.rgy was c0;-nputed by integrating 
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over the length of the idealized beam. The reak velocity computed th1s 
way asstlmed a free drop and is not an accurate representation sine(' the 

rack does not fall freely, rather rotates pivoting about the other tt-9. 

Thus, tr..e phenomenon assumed in this Method ll analysis is not considered 

a true representation of the actual situation. e\•en though,. for the pur­

pose of comparison, the pool structures h;n•e b~·en eva1uated u~1ng the 

input kinetic energy values obtained by both rr~thods. 

2.2 EnerQy Absorbing Char:._acteristics of the Pool Slab 

In:ipact energy is dissipated in the pool slab in three ways: 
a) Inertia of the pool slab to ir.oven:t:nt 

b) Strain erietgy resuHing from the local cc.i.-n-;iressicn of the con­

crete underneath the rack legs 
c) Strain ener-gy resulting from the O\'eraH b-ehavior of the f1oe>r 

slab acting as a plate 
Since ·the weight of the supporting pool floor tar-get mass is r-e1ath·ely 

high, so:rie of the applied energy will be absorbed b-ecause·of the· inertia·------· 

of the member to movement. The target ~~ss was ·assumed to be equnl to 
the rnass of that portion of concrete pool slab which is contained in the 

volume bounded by 45-degree inclined planes from the edge of the rack 
leg and the botto.rn surface of the pool. slab (Reference 3) as s~-n in 

Figure 2-1. For computing the maximum rack load and the concrete bearing 
stress, energy absorption due to inertia of .the target mass was not.c.-3n­
sidered. 

Strain energy resulting from the 1ocal compression of the concrete under­

neath the rack leg was computed assuming a ~nlinear distribution of rom­

pressive stress under the rack leg as shown in figure 2-2. The comµressive 
stress at the foterface is equal ta the bearing ~tress and 7 at the bottom 
surface~ this stress is zero. The variation of this stress across the 
depth was assumed to be parabolic in computing the equh•alent linear 

spring to represent the local energy absorb\ng diaracteristics of the s1ab. 
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'Strain energy resulting from the oyerall beha't''ior of the floor slab 

&ct ing as a .plate would depend upon the location of the impact. For the 

five-r~d. impact, t"WO ~m:h locations were cons ider~d: 

a) location A, corresponding to rack leg~ tlose to the north wa1l 
of the pool , and 

b) Location B, corresponding to rack legs away from the wall. 

Location A is only 9 inches from the ~all. Hence, ;t ~as assumed that 

the energy di5$ipation resulting from the overall plate·type behavior 
of tne f1oor would be small and negligible when the rack legs impact in 
Location A. Location S is about 5.5 ft. from the wall. Energy ab50f?­

t;on characteristics for impact at this location were represented b)' a 
,•.,···\", . 

:· :;.:~~ri~a-r spring~ properties.o.f.which were c0r.lp11ted from the bendin~ t>e-::. ·~:\~~:'·_:,"-.::::_'\" 
havior of J.he slab~--- the·''a;,meJ\t of. inertia of tbe slab ·cross-secti0n - .· .. 
-was computed usfng the fonnula in ASCE .Standard Manual 58 (Reference ·4}. 

This fonoola provided a moment of inertia larger than that obtained 

from ACI-318-77 code {Reference 5) (correspond1ng to actual moment re-
sulting from a floor load ~ich produces shear equal to the shear capac-

ity of the slab). Thus. the use of thh fonnula is considered conservative. 

For the ten rack case, the racks impact along two parallel 
·.1 :·. 

lines: Legs nearest the north wall and legs farthest from the 

north wall (two parallel ro~s 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. 

2.3 Ene6Jy Absorbing Characteristics of the Rack 
When the racks impact on the pool floor, a p~rt 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 charatteristfcs of the detailed finite elernent model of the rack 
which was.originally used for oead load stress analysis. 
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2.4· Analysis Resultt and Evaluation of Pool Slab 
Using the energy balance method described above. the rack .impact loao on 

the pool floor was computed. The computed dynamic amplification fa<:tors 

are listed i.n Table 2-1. Combining the rad impact load with tfte dead 

loads and hydrostatic. loads and vertice l seisW>it loads, and assuming ¥try 
\ . ' ,. 

·· _ conservatively that ~11 the racb impact sim-~lte-neously, tne shea·r~_load in"'·:.~'.·.'_-··, .. , 

·'_:_:the f}ool slab was computed.and ~osnpared with the ~)lowable-·v~lues. Tt>es2"'"··.;. 
- .. ··- .···· . . ................... ~ ·. - ·-- .. . . . . -: : · ... -~-- - ~- . . . .·. ··:-;.,,·,.,;::: .• : .. :.=·=:··-:;. __ •. -:'". 

are listed in Tables 2-2 and 2-2a, for five and ten racks, 

, respectively. Shear loads were computed at the floor support 

location (Location A) as well as at a distance d (equal to 

depth of the slab) from the support (Location B). Comparison 

of the computed shear loads with the al)owable values shows 

that the pool slab can adeq~ately withstand the total loads, 

including the impact loads resulting from 1-inch uplift of the 

loaded racks. 
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FIGURE 2-2 ASSUMED DISTRIBUTION OF COP;PR£SS1VE 
STRESS UNDER P.ACK LEG 
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TABLE 2-1 

.OYfffJH C AMPL I Fl CA TI ON F AC'TORS {1) 

RESULTING FROM RACK lfll.?AtT 

location of Drop 

A B 

Method I 6 .. 5 6.1 

Method 11 18.l 17.1 

· NOT£(l): Dynamic Amplification factor 1s . 
defined es the ratio of rack leg 
force during rack impact to the 
rack leg force due to buoyant 
weight of the rack applied as a 
static load. · · 
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TABLE 2-2 

POOL SLAB A~\AL YSIS RESULTS FOR 

FIVE-RACK IMPACT 

Estimated Upp-erbound Uplift= 0.76 in. 
Assu»~d Uplift= 1.0 in. 
Maximum l~pact Ve7acity--

Hethod I : eased on Angular Velocity = 10.02 in/sec 
Method 11: Based on Free Fall = 27.8 in/sec (Sec Note 4 be1cw) 

Equivalent Un1fo~ Pead Load Without Impact--
5 New Racks + Old Racks = 0.86K/ft2 

Tota1 (including seh.mic) c 4.99K/ft2 

Location Shear Load (Kip/ft) Using Method 1Cl) 

of At SupPQrt At O~~tar.ce d Fro~ Support 
Drop 

Cornputed A11owable ·computed Allo\ .. ·able 
-

A 65.5 s22.z(l) <40.l s2.5C 3} 

B <65.S 522.2<2> <40. l 82.6{J} 
-

NOTES: (l) A\'e~·~g~ shear 1oad at the north end of the pool floor 

(2) Ba~ed on Section 11.7.3 of Reference 5 (Shear Friction} 

{3) Based on Section 11.3~1.1 of Reference 5 (i.e.,. th~ 
short formula} 

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

POOL SL~S A.NAL YS15 RESUUS FOR 

F!VE-R.A,CK U-:PA.CT 

- ---
Shear load (Kip/ft} Using Method II{4)(1) 

1 
j 

At Support At Distance d From Support j 
I f 

I 

Computed All o~.;ab le 
) 

A 11owab1 :_j Computed j ! I 

1 522.2( 2) 
I S2.6(J) 129.0 <4.0. l I 
I 

I f 

82.6(J} <129.0 s22.2<2> ,40.1 I l 

I 1 . 
' 

NOTES: (1} l\verage shear load at the north end of the poo1 floor 

(2) Based on Se~tion 11.7.3 of Reference 5 {Shear Friction} 

(3) Buse<i on Section 11.3.I.l of Reference 5 (i.e., the 
short formula) 

{ 4) .Computed for the purpose of compari.son only 



· Table 2-2a 

Pool Slab Analysis Results for 
Ten-Rack Impact 

e· 

Equival~nt Unfform Dead load without Jmpact--
10 New Racks + Old Racks = 0.98 k/ft 2 

Total (including seismic} ~ ~.13 k/ft2 

------- ------------..-.:.---~-----

__ Shear Load {~ip/ft)(l) 
..._ _______ "'---:~----- --·--·--··---------·--

Method At Support At Distance d From Support 

Computed Allowable Computed Al lowablt-·------ ---- ------·· _._,.... ________ . _______ . 
Method 

I 84.1 s~.s 

NOTES: (1) Average shear load at north end of the pool floor. 

(2) Based on Sectio.n ll.7.3 of.Reference S (shear friction) 
(3} Computed for the purpose of c.c1i\t,oarison only.·· 

(4) Bas.ed on Section 11.3.l.l of Reference S.· 

( 5) Based on Sect 1 on 11. 3. 2. i'" of Reference 5. 

(6) Based on Section 11.3.2.i of Reference S with f~ 
increased by lSi due to aging. 



3.0 EVALUATIO~ OF R~CK STRESSES 

Table 3-1· presents the maximum loads on rack legs ~ten the impact force 
resulting from I-inch uplift is considered. These are based on impact 

at Location A, which gi-.ies the mo5t critical ri;;ck loads. A1so, the 

effect of energy dissipation in target rr~ss inertia w~s igncred to 

maximize these rack loads~ and no overall pool slab fle~ibil)ty ~~s 
considered. Table 3-1 also pre~ents the rack 1oads from the orf gina1 
fixed-~ase analysis for the purpose of c~parisl:ln. Ta bi e 3-2 1h.ts the 

stresses in various ·critical components of the racks fthen the effect vf 
impact resulting frc·m 1-foch uplift is included. Comparison of these 

stresses with the allowable stresses shows that the rack design is ade­
quate and no overstress condition is expect~. 
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TABLE 3-1 

~~XIMUM RACK LEG FORCES DUE TO R~CK IH?ACT ON FOOL SLAB 

Ma.ximum Force (kips) 

Consideration 
Method I Method II(l) 

Corner Leg ~~i ddle Leg Corner Leg ~),iddie leg 

Considering Rack 92.3 115.4 256.2 320~2 Impact Near Wall 

Original fixed-Base 179.8 208.9 179.S 208. 9 Analysis 

N~te: (l) Computed for the purpose of comparison only. 

\ 
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TABLE 3-2 

STRESS IN P..~CK CO~PONEKTS DUE TO RACK .rnPACT ON POOL SL~B (3) 

Allowable(Z) 
Cc>~put~d 

Rack Load Critical S t.!:¥_S.l. {ks i} 
Comµcnent Co.'Tlbination Stress Type Stress {hi) Kethod I M~thod ll ll) 

Tube Wall o+S+E• Membrane 33.5 11.53 31.98 

Fuel Suppor1 D+B+E' f"..e;::ib r a ne 33.S 9.ZB 25.74 Plate 

Fil Ier Pl atE:J D+S+E' Membrane 33.5 9.19 25.49 

Base Grid 0+6+£' ~~•brane 33.5 l.70 4.70 
I 

P.ack Leg 0-\.B+E' f'.iembrane 33.5 8.55 23. 71 

Interface D+B+E' Bearing 4~76 0.87 2.42 

Note: (l} Computed for the purpose of corr.parison only. 

(2) Using A Dynamic focrEase Factor of 1.2 per Reference 4. 

(3) Dece1 erat ion loads resu1 ting from impact are m~ximum at the upli ftf'~ end 
(i.e., the impacted end) and zero at the pivoted end. The r~ck leg re­
acticn forces shc.·r·m in Table- 3-1 are for the impacted legs" arid so ~re 
based on rnaxinr..,'iil deceleration va1ues. Thus, the ratio bet~E2:i"'l these 
reaction forces to the rle:id load reaction forces ~ives the co~serrathe 
sealing factor ~·ith which the dNd lead stresses ~from original finite 
eler:~nt analysis) were multiplied to obtain the stresses 1n the rack. 
for impact loads st10~-n in this table. 



4.0 EVALUATION OF NORTH WALL 

2392N 

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) 

including the effect of five new racks ·impacting on the pool 

floor. Table 4-1 presents 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 the 

computed. shear loads based on impact of the legs nearest the 

North wall, which is limiting, for the ten rack case. Results 

presented in Tables 4-1 and 4-la show that the computed values 

are well within the shear capacity of the wall. for both the 

five and ten rack cases. 

J 
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TABLE 4-1 

EVALUATIOii OF THE VERTlCAL SHEAR Cf\PACITY OF THE NORTH W.al.L (3) 

Vertical Shear {~ips) 

Load Combination L Ccm~uted 

Allowable 
ll (1) Method 1 ?~thod 

-
O+l+H+E 1+lmpact . 1s, 124 (2} 3814 4607 

Note: (l) Computed for the purpose of c~;nparison only. 

(2) Ccnsid~rfog the effect of vertitil reinforcement in 
resisting diagonal tension resulting fr~~ shear. 

(3) Based on the critical impact location A. 
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Table 4-la 

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

Vertical Shear (kips) 

Load Combination Computed 
Allowable 

Method 1 Method II(l) 

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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