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July 11, 1979

In reply, please
re f er to LAC- 6 4 04

DCCKET NO. 50-409

Director of Nuclear Reactor Regulation
ATTN: Mr. Dennis L. Ziemann, Chief

Operating Heactors Branch 32
Division of Opera ting Reactors
C. S. ';uclear Pegulatory Connission
Wa s h i: si te n , D. C. 20:55

SUBJECT: DAIRYLAND POWER COOPERATIVE
LA CROSSE BOILING WATER IZ ACTOI- (LACBWR)
PROVISIO!.Ai OPERATING LICENSE NO. DPR-45
APPLICA7 ION FOR AMENDMENT TO LI CT':S P

REFERENCE. (1) DPC Letter, LAC-6356, Linder to Zienann,
Dated June 26, 1979

Dea r '.:r . Ziemann:

As stated in Reference (1), enclosed is the complete set of
detailed calculations, including su:=ary of results, of a re-
analysis of a spent fuel shipping cask drop accident with the
pool water at the 680-fcot ele /ation.

'f there are any questions concerning this submittal, please
contact us.

Very truly yours,

DAIRYLAND POWER COOPERATIVE
-

7 uw k Awc'A m
Frank Linder, General Manager
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?!r . Derinis L. Ziemann, Jhief LAC-6404
Opc;ating Reactors Branch #2 July 11, 1979

STATE OF N'ISCONSi.i )
)

COUNTY OF LA CROSSE)

i'o tr'
/ day of July, 1979,Personally came before me this -

the above named Frank Linder, to me known to be the person who
executed the foregoing instrument and acknowledged the same.

.

*t
/ ud t c .-< 7 t ..

*; o t a r'. Public, La Crosse Count';
Wisconsin
"y Commission Expires March 2, 1980.
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Mr. Dennis L. Ziemann, Chief LAC-6404

Operating Reactors Branch 42 July 11, 1974

CC: J. G. Keppler, Regional Director
U. S. Nuclear Regulatory Commission
Directorate of Regulatory Operations
Region III
799 Roosevelt Road
Glen Ellyn, IL 60137

Charles Bechhoefer, Esq., Chairman
Atomic Sa f ety and Licensing Board Par.al
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Mr. Ralph S. Decker
Route 4
Box 190D
Cambridge, MD 21613

Dr. George C. Anderson
Department of Oceanogrephy
University of Washington
Seattle, Washington 98195

O. S. liiestand, Jr.
Attorney at Law
Morgan, Lewis & Bockius
1800 M Street, N. W.
Washington, D. C. 20036

Kevin P. Gallen
Attorney at Law
Morgan, Lewis & Bockius
1800 M Street, N. W.
Washington, D. C. 20036

Coulee Region Energy Coalition
P. O. Box 1583
La Crosse, WI 54601
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tg NUCLEAR ENERGY SERVICES, INC..

'ri.1 NES DIVISIONj? % A
.di<j u 89..-i .f'

SHELTER ROCK ROAD
DANBURY, CONN 06810
(203) 748-3581JM '

Mr. Ilugh A. Towsley June 27, 1979

Lacrosse Boiling Water Reactor Project / Task No. 5101

Dairyland Power Cooperative Reference No. 5101-516

P.O. Box 135
Genoa, Wi. 54632

Subject: LACBWR Spent Fuel Shipping Cask Drop Analysis
for Spent Fuel Pool Water Level at Elevation
680 Feet.

Re fe re nce : NES Memo 5101-517, from J. Risley To R. Milos,

Same Subject, Dated 6/25/79.

Dear Mr. Towsley:

The attached memo provides a summary and the detailed calculations of
the spent fuel shipping cask drop analysis for the LACBWR fuel pool,
with the pool water at the 680 foot elevation. The original analysis,
presented in NES 81A0550, was based on the pool water being at the
701 foot, 9 inch elevation.

In accordance with L. Papworth's instructions, report 81AOS50 will
be revised to incorporate the new calculations at the lower elevation.

If we can be of further assistance, please call.

Very truly yours,

NUCLEAR ENERGY SERVICES, INC.

NES Division

. .

FM1:ma Richard A. Milos

Enc. Project Manager

cc: R. E. Shirshak
L. G. Fapworth
W. J. Manion
A. H. Yoli

453 28f
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NUCLEAR ENERGY SERVICES, INC.
SHELTE A ACCF ACAD
DANSUAY. CONNECTICUT C600
(2031 748-0581

Inter-Of fice Correspondence Ref. No. 5101-517

03I2' J une 26, 1979

Tc: R. Milos

from. J. Risley

Subject. LACBWR Spent Fuel Shipping Cask Drop Analysis for
Spent Fuel Pool Water Level at Elevation 680 Feet.

Reference: NES 81A0050, Rev . 2 "Fpent Fuel Shipping Cask Drop
Analysis For the Lacrosse Boiling Water Reactor."

The referenced document contains detailed calculations evaluating
a postulated shipping cask drop analysis into the LACBWR spent fuel
pool with the pool water eleva -ion at 701'-9" . The analysis evaluated
the effects of the casM impacting both the cask area crash pad (Case
1) and the spent fuel storage racks (Case 2). A supplemental shipping
cask drop analysis has been performed for these two c.nalysis ci scs with
the fuel pool water at 680'-U", which is equivalent to the bottom of
the fuel transfers canal.

The shipping cask drop at this lower water elevation will develop
smaller resisting drag forces and therefore generate slightly greater
impact velocities and kinetic energies at impact than those presented
in the referenced leport. For the cask drop onto the crash pad (Case
1) , the impact velocity and kinetic energy at impact increased ap-
proximately 3.9% and 7.8% respectively, from 46.49 fps to 48.28 fpa
and 40279 in.-k to 43427 in.-k. For the cask drop on top of the
fuel storage racks (Case 2), the impact velocity and kinetic energy
at impact increased approximately 7.6% and 15.7% respectively, from
37.93 fps to 40.8 fps and 26803 in.-k to 31018.1 in.-k.

There small increases in the velocity and kinetic energy of impact
result in slightly greater damage to the crash pad and fuel storage

racks. However, the overall conclusions and recommendations presented
in the referenced report are t.pplicable for the cask drop analysis

at both fu2l pool water elevations. A summary of results of the
cask drop analysis for fuel pool water at elevation 680'-0" is pre-

sented in Attachment A. The detail calculations for the cask drop

analysis are given in Attachment B. .

458 2E[3;



L~Q '" ~ ii T TA CHMENT /]' '

BY
DATE b M H PROJ. A l T/.5K.2* *

CHKD.BY I
DA E-

~

'PAGE
~#

OF
L LC&C

'~

RESULTS OF CASK DROP ON CRASH PAD

Lcad C3Se l

Ct : r Dron (22 Modules Effective) Calculated Value Allo.able V;lue

t%imu- Cask Velocity at instant of Impact JE ~s tJ/ i
(ft/sec)

I'.a i mu, Ki ne t i c Energy a t instant of impact 4 % z.7 o r;/A
fin /k)

l'a ximu, S t rain in Intermediate Cylinier (in/.n) c. 5 L 0.485

Percent of Ultinate Strain in Intermediate 2e C 100
Cylinder (?,)

Total Deformation of the Crash Pad (in) E:3 10.0

ra:irum Reaction Load in Each Module (kips) 5''.c 361.2

Maxirum Compressive Stress in inner Cylinder 50 3 101.6
(ksi)

Maximum Strain in inner Cylinder (in/in) o.oiO3 0.243

eccent of Ultimate Strain in Inner Cylinder 2 '6 50.0
18)

Maximum Compressive Stress in Outer Cylinder G .M 101.6
(ksi)

Max i r r, S t ra i n in Outer Cylinder (in/in) c. co64 0.243

Percent of Ultimate Strain in Outer Cylinder (?,) 1. I t 50.0

Marimum Punching Shear Stress in impact Plate f 6.M 26.5
(ksi)

Maxi.mu- Punching Shear Stress in Base Plate : 2E 26.5
(!:s i )

t '. a >. i r u , Local Bearing Stress on Concrete Floor 4 . ' '- 4.17f

(ur. der cach medule) (ksi)

Maxinum Punching Shear Stress in Cencrete Floor 3504 0.201
(under each module) (ksi)

Mu i num Reaction Load for tne 22 M^d'iles (kips) 7 :. 5 l . 3 ti/A

a,;h
'

4au,,
r nr
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_ cad Case 1
Center Drop (22 Modules Effective) (continued) Calculated Valua Allowable Value

Maximum Average Bearing Stress on the Reinforced t,53 2.1

Concrete Floor (ksi)

i> 4 S 5097.8?laxinum Reaction Load on the Reinforced Concrete c

Slab ASCD (kips)

Average Shear Stress in Reinforced Concrete Slab c ics 0.201

ABCD (ksi)

Maximu n Reaction Load on the 29" Thick Reinforced J G 3 0 7- N/A
Concrete Vall Under Floor (kips)

tiaximum Compressive Stress in the 29" Thick I.09 2.03
Reinforced Concrete Wall Under Floor (ksi)

Load Case 2
Quadrant impact (17 Modules Effective)

Maximum Cask Velocity at Instant of impact 2-E;. 2 7G N/A

(ft/sec)

4aximum Kinetic Energy at Instant of impact 4 3N 10 N/A

( i r.- k)

tiaximum Strain in i n te rn.edia te Cyl i nder (in/in) 0 347 0.485

Percent of Ultimate Strain in intermediate 7 100.0

Cylinder (!;)

Total Deformation of the Crash Pad (in) 6.67 6 10.0

Maxinum Reaction Load in Each Module (kips) 334.io 361.2

Maximum Compressive Stress in Inner Cylinder 2!.08 101.6

(ksi)

itaximum St rain in inner Cylinder (in/in) 0.O l ' 3 0.243

Percent of Ultimate Strain in loner Cylinder (%) Z 34' 50.0

I4 bEh 101.6Maximum Compressive Stress in Outer Cylinder
(ksi)

Maximum Strain in Outur cylinder (in/in) 0.c:6 0.243

.-

458 28

8-4



unten eum stmas n:
ws omxN.

BY DATE " PROJ. 3'*I TASK _. *

DATE " 7""I PAGE A-5 OF0lHCHKD.BY

LAcriar_

_ cad Case 2
Quadrant imaect (17 Modules Effective) (continued) Calculated Value Allowable Value

Percent of Ultimate Strain in Outer Cylinder (%) 1,Z0 50.0

rE29 :. 5Maximum Punching Shear Stress in impact Plate
(ksi)

20 6 26.5Maximum Punching Shear Stress in Base Plate (ksi)

7 US 4.17Moximum Local Bearing Stress on Concrete Floor
(under each module) (ksi)

Mar.imum Punching Shear Stress in Concrete Floor 0.027 0.201

(under each module) (ksi)

Maxinum Reaction Load for the 17 Modules (kips) -Ta 79 7 N/A

Maximum Average Bearing Stress on the Reinforced i.956 2.1

Cencrete Floor (ksi)
2'42 S 5097.8

Maximum Reaction Load on the Reinforced Concrete
Slab ABCD (kips)

4verage Shear Stress in Reinforced Concrete Slab o.i?E 0.201

ABCD (kips)

4343.3 N/A
Maximum Reaction Load on the 29" Thick Reinforced
Concretc Vall Under Floor (kips)

0 04| 2.08
Maximum Compressive Stress in the 29" Thick
Reinforced Concrete Wall Under Floor (ksi)

..
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Calculated Allowable
Straight Drop on Top of Storace Cell Value Value

>2ight of Shipping Cask (kip) 1to co il/A

Maximum Drop Height (Ft) 2 6.n N/A

tiaximum Cask Veloci ty at Instant of @ . G3 C N/A
Imoact (Ft/sec)

tiaximum Kinetic Energy of Drop at instant 3|ctB.to N/A
of impact (in.k.)

Number of Storage Cells impacted 51 N/A

IMaximum Strain in Each Storage Cell (in/in) 0 2230 0.485

Per Cent of Ultimate Strain in Each Storage 4 . '/4 100.0
Cell (in/in)

tiaximum Cell Deformation (in) 4.5%

2tiaximum Stress in Cell (ksi) 63.70 41,4

Maximum Transmicted Reaction Load 85.62 N/A
Per Storage Cell skips)

Maximum Transmitted Reaction Load for 52 W 3.2 N/A
Cells (kips)

3Maximum Stress in the ileid Between the 19.71 28.0
Cell Wall and the Base Plate (ksi)

Maximum Stress in Rack Base Structure 52.5E. 41.4
(ksi)

tiaximum Stress in Jackscrew (ksi) E 71 106.3
tiaximum Local Bearing Stress on 2.08
Concrete Floor (ksi) "

tiaximum Bending Stress in the Searing t L .M 41.4
Plate (ksi)

7 4 ~'
'

t;aximum Punching Shear Stress in the 41.4
Liner Plate (ksi)

Maximum Local Bearing Stress on Concrete Floor (ksi) l 72- 2.08

11axirum Punching Shear Stress on Concrete Floor (ksi) 0.01 0.201
'

453 28{
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Calculated Allowable

Straight Drop on Top of Storag- Cell Vaiue Value

Maxim Compressive Stress in the 42" Thick

Reinforced Concrete Wall Under Floor (ksi) 09'c- 2.08

Maxir.n Reaction Load On Concrete ball (kips) CoU C 13104.0

Maxir:um U.isupported Plate Thickness That
May be Perforated by Missle Free Fall
Velocity,(in)

BRL Formula D. 3 0 8 c.5 6

Stanford Research Institute Formula c.3 c 3 22f

1. Ultimate strain for stainless steel.

2. The allowable stress value represe.nts dynamic yield stress
for stainless steel,

3 Allowable stress in the weld - 1.6 x 21 x 30.0 = 28.0 ksi.
3o.0

k. Buckling Stress for 17-4PH stainless steel at design temperature.

458 28$
-'
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CASK IMPACT VELOCITY
r

W ' ||i'

Ref./O " Design of Structures for Missile impict" a

BC-Top-9A,Rev.2 , Bechtel Corp., hp/' /970 D = 4'-0" -+- + J

EL. 70.t '. g " ) 'w
hDiameter of the Cask, D = 4.0'' . ,

\;.

ytjLength of Cask, L = 12.0''

Weight of Cask, W = 100,000.0 lbs. 3.3go' y
"

= 100 k - Water .- -.,

- . . - -

'e

4 _.-

Top of the Crash Pad ,
, . - - - y y__

U\ \ \ \\ \ \ \Assunptions:

1. Cask drops.f rom 3.0 feet above the eud. 6 s uve r/os.

2. Cask drops vertically (longitudinal axis perpendicular to
the ficor).

3 tieglect loss of velocity dur~ing compression phase of liquid
entry.

4. fleglect skin friction drag.

5 Assume constant drag coefficient.

All the above assumptions give conservative estimate of the striking velocity.

If the cask drops N M feet to just hi t the water surface, the initial velocity
is

M.f ft/sec.'V =d2gh =3 2 x 32.17 x:A;5 =
o

The Reynolds number is, according to equatioi (5-7) of Ref. /0
Vo d 9' ''c x 4.0 = /.Mf x 107'R e= =
v 0 93 x 10-5

Where v is the kinematic viscosity of water.

.

NES 105 (2/74)
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Cask Impact Velocity (Cont'd.)
.

Since L/d = M = 3,the drag Coeff. is, according to Table 15-1 of Ref.lo for -

3the case of circular cylinder with axis parallel to flow and with R p10

0.86 .Cp =

'

The horizontal cross-sectional area is ,

,

'

kd2= x (4)2 = 12.566 ft.2 . .,A ,=
o

Equation (5-5) of Ref./O gives ~'

.

T Co A 62.4 x 0.86 x 12.5666 -1o
0.00337 f t.a = _ =

2W 2 x 105

Equation (5-6) gives

=
-'Y g 62.4 x 32.17 0.02007 ft.2 -2.-

b = = sec.p 5

'
'~ The weight densi ty of cask is

u 105
663.165 lbs./ft.3Tm = = =

Al 12.566 x 12.0~ o

According to equa tion (5-8) of Ref./O, the terminal velocity is

2 9 1~V '"

~

62.4 1

32.17 l- = 92 99 ft./sec.=

663.165 0.00337 .

Since 11 > L, and according to equation (5-2)< -

(1- 2al) -1
'

Z 2(l) " Y +* e
2 2

+ Vo2+ (c,2al T_ -1);
Tm

(92.99)2 + e-2 x 0.00337 x 12 [0.02007 x 12.566
~

2 x 0.00337 x12
*-

2(0.00337)2 ,

~

3237 ,2 x 0.00337 x 12 62.4 _{(1-2 x 0.00337 x 72)-1 + 0.00337
,

$ '3 0 | ') '

x.
663.163

+( %. 5 f ,[
_ ,

e a

NES 105 (2/74)



b|l@) BY DATE T ROJ. OIOIP TASK OM
TC NUCLEAR ENERGY SERVICES INC. '

'- CHKD. DATE PAGE
~

OF
**b( NES DIVISION

LACPj R

REF.

Cask impact Velocity (Cont'd)

or- 2 (L) 8647.1 + -3 8. 307 + /Ma f - 8572.1 x 0.922=
2

z/4 se > 0 'u
.

.

.~, The cask will not float but will strike the floor.

.

Value of Z 2 (H) should be calculated
'

-2aH ^ 2Z 2(H) = V2 +e (1- 2al) -1 +Va g

+SIe2al I _;
a \ Ym i

J
,

(92.99)2 -2 x 0.00337 x /4.30'
2 2 (H) ' +e (-38.307 + 'M 3 - 8572."

= 86',7.} - 6 3 /6.f f # = no. s 3; > 0

The striking velc:i:y of the cask on top of the crash pad is, according
to equation (5-4) R e f ./ c) ,

(2 330.t?t)'Z 2 (H)
V 46.;n ft./sec.= = =

Maximum kinetic e:ergy of the cask at the instant of impact 1/2 14 2=
y

'/2 x 10') (~'6. C' A' 2=

32.2

%<*.92ft. k.=

-

= 43eZ7.o in. k.~~

.

NES 105 (2/74)
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' 05D CASE 1 - CEllTER DROP.

Assume 22 Modules Effective - All except 3 Modules r.t each corner of
Crash Pad.
Assume l'o Bending of impact Plate.

A) Design for naximum reaction load on .einforced concrete floo;-

' 43 40 o in. kipsExternal Kinetic energy of the Cask =

Internal Strain Energy of the tensile modules

128.f g 1.166 ALilE8
=

1.160 x

11 = t! umber of modules effective in absorbing the energy = 7.2.

2A = Cross sectional area cf intermediate cylinder = 3.17 in

L = Length of intermediate cylinder 25 in.-=

.

Equating External and internal Energy - Assume all kinetic energy
is absorbed by intermed' s (tensile) cylinders.

.

128.5 g 1.166 43417.0Alti =1.165 x
.

Strain in Intermediate r;lind r

~1.166 E1 1/1.166 _ 1.165 (43 d p't ~

1/1.166
-

g ,

X -128 5 alt;- 128.5 (3 17)(25)(22)
_

C 0. C " # 2 in./in.'=x -

Per Cent of Ultimate Strain
.

.

X 100
~

5 7. G '72C 4gg gr=

0.

|
NES 105 (2/74)
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Elongation of Intermediate Cylinder I

~

6 Cx C= o, Z " X 25.0 6M ' ^ ' . -
~

= =x

Maximum stress - Intermediate cylinder ''

128.5 E 0.166 = 128.5 ( o.2 71 3 166 = los.ae esi
0(T =

x x
.

Maximum Transmitted Reaction Load Per Module

3.17 X /o5.98 = 3 24.G ' kipsRx = A (f "
x

Maximum Stress - Inner Cylinder
,

Sc.gfys;*'AX' u ==

Ai 5.47
, fM 4 show c. o / o 4 Eq % pyd y 4,,46gegEG=c

Maximum Stress - Outer Cylinder X lD 0 2* "

= k = 52A.:- , 55.14 'gg; -

Ao 6.1I '/

t%Skw ( -r3.y gbce, r o, oo$'36 N[g' M q tlU. Sb% =_ h"*

% yu.g) M
" \' ' I $Maximum Punching Shear Stress - Impact Plate

Rv Wb \5.04 ksiI
= = =

77 Do :ip W (5.563) (1.25)
a.v, y .

Maximum Punching Shear Stress - Base Plate
Rv 3'2 c . u

- 18. % i st
r

= = -

TI Dj 'bp W (3 50)(l.5)
n . ..

Maximum Local Pearing Stress on Concrete Floor (unde r each modu e) .

P'" eo9 2_ ,G4 ksi~ ''= - =
Effcctive Area 9.25 x 13.5

.

Maximum Punching Shear Stress on Concrete Floor (under cach module)

" * 'h
0.o: n ksi= =

Effcctive Area -4 (54. 0 + 3.5) (5V.0 L

Maximum Reaction Load on Co icrete Floor -12. Modules 4 {[] '/ Cj

MR = 22. x Q a = }; 5 f,;R =
x pd'

,

*
NES lob (2/ 74) -
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'Maximum Average Bearing Stress on concrete Floor of Pool
zg 7,

.R " J/ . C . 1. 5 o-,
,/

ksi~= =
. =

Effective Area lODx V15

ikxinem Total Reaction Load on Concrete Floor Slab ABCD (SE b A-// N
( 5 Modules Acting)

'

\ /,4 6 kip's3R = s x 3 2.e 3Rslab ==
x

-

Maximum Average Shear Stress Around Slab Periphery
'

.

Ra ., s I (o 49 = o.105 ksi= m

Peripheral Arct. 2(51.5 + S0) 54.0
.

.

Maximum Reaction Load on 29" Thick Reinforced Concrete Wall Under Floor
(Assure rz+BJ Modules Transmi t Load)

4.

/ - .

Puall = \7 R = 17 x324.6 =5932 kipsx

'

Maximum Compressive Stress in Reinforced Concrete Vall Under Floor .

- -

P.all 5 S M. E pg,gs= . ,

29.0 X (70m gjVall Area

Design Check for Maximum Intermediate Cylinder Strain
(Assuming a Minimum Stress increase Due to impact of 20%)

Strain Energy Capacity of Intermediate Cylinders

.

E;=- 116.9 c 1.20 Alli
1.2 X

Equating External and .... enal Energy and Rearranging -
'

Maximum Strain in Intermediate Cylinder
~ /

c 1.2 E
~

1/1.20 . fl . 2 4 3 J '.f
~

1/l.20 .,3:1e/in.m x _

I l6. 9 (3.17) (25)(2dX
116.9 Alt! -

,
_ _

-

-

Per Cent of Ultimate Strain

Ex o.3fl /
X 100 = 0.485 X 100 = ds 2 %% =

g"
d3 798c

Maximum intermediate Cylinder Elongation
_

"-

NES'
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LOAD CASE 2 - QUADRANT IMPACT

Assume 17 Modules. Effective - Column Lines A-G and 9-7

Assume Bending of impact Plate and Adjacent Modules.

A) Design for maximum reaction load on reinforced concrete floor

External Kinetic energy of the Cask 4907.0 in. kips=

Internal Strain Energy of the tensile modules

128.5 1.166c At3;
E8

=

1.166 x
._

il = ilumber of r odules ef fective in absorbing the energy

2A = Cross sectional area of intermediate cylinder = 3.17 in

L = Length of intermediate cylinder 25 in.=

Equating External and Internal Energy- Assume 15% of kinetic energy
used up in bending of impact plate and adjacent modules.

128.5 e 1.166
4 M;7 0 x 0.85Alti =1.166 x

Strain in Interrediate Cylinder

_1.166 Ei 1/l.166 1.166 l-:J:T rY0. 8 5) ~ 1/1.166

_
~

c , =*
_12 6. 5 ALil_ _126.5 (3.17)(25) (17 )

_

6 c. .w 3 in./in.=x

Per Cent of Ultimate Strain
.

tC = .2 X 100 = "2'5' 43~'
!

0

NES 105 (2/74)
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iElongation of Intermediate Cylinder
~

5 C L - 0. m x 25.0 = 7. c . c in.

_

= xx

Maximum Stress - Intercediate Cylinder *

,

128.5 E 0.166 = 128.5 (3. Sc3 )o.166 = 105- ; ksic' =

n x
.

.

Maximum Transmitted Reaction Load Per Module - *

3.17 X IcC ' : 3% e c <ipsRx = A G'x
=

Maximum Stress - Inner Cylinder
p

.

pf=g--
.

.| [ &l . c5 tsi pg.f y ok.Shuy- 'oW"=

I

(45 .S ,u m = { L_ f' '4 : o . c\ \ $ % y, *cy
,ys. =.

Maximum Stress - Outer Cylinder
P
_2$. = 3 2 ' ;= 54. 68 ks i

=

p y M <>} L M , S e - o co 6 5i
Ao 6.11 W3

% . %xv = ,W(50.% fG'3 9 egm(*.

\. *t o {0
wws*

Maximum Punching Shear Stress - Impact Plate
. p

'

Ry 334 10 = 15.Z9 ksi, =

77 Do tip 'iT (5.563) (1. 2.5)

Maximum Punching Shear Stress - Base Plate
I" * 'C 20.26 '.ksim = =

17 D; tbp w (3.50) (1.5)

Maximum Local Bearing Stress on Concrete Floor (under each module) .,

P* - ' '
- 2.66 < ksi

'

= -
" ' '

Effective Area 9.25 x 13.5

Maximum Punching Shear Stress on Concrete Floor (under each module)

Ex 154 ' C = 0.02.7 ksi= =

Effective Area 4(54.0 + 3.5)(54.0) .

Maximum F.cact ion Load on Concrete Floor - 17 Modules /} 'j. 0 -) r)L

P. MR = 17 x 334.10 = 5 M" 7 ' kips
'

n x -

NES
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Faximum Average Bearing Stress on Concrete Floor or roog DEF.
_

R r *' ~ ' 7' ''

G 1.858 ks'i .= - =

Effect.ive Area 52.25 x !,3.5
.

Maximum Total Reaction Load on Cencrete Floor Slab ABCD(e Modules Acting)
,

9P = a x 3 34 .re - a ',7 2.s fli ps .Rslab =
x

Maximum Average Shear Stress Around Slab Periphery
/

Rc t ., w 2ra 0.17 5 ksi= , =

Peripheral Area 2(51.5 + 90T 54.0
.

Maximum Reaction Load on 29" Thick Reinforced Concrete Vall Under Floor
(Assume %.J. Modules Transmit Load)

2- .

, .

P.all " 13 E = 13 x ? %. ; 43433 kipsg x

Maximum Compressive Stress in Reinforced Concrete Wall Under Floor

Pstall A M3 3m .
, , ,: 3 | .f.s ;

.

v.

Wall Area 29.0 X(, jowS)

Design Check for Maximum Intermediate Cylinder Strain
(Assuming a Minimun Stress increa;g.Que..to impact of 20%)

Strain Energy Capacity of Intermediate Cylinders

IE 9 C 1.20E;= gtg;
1.2 X

Equating External and Internal Energy and Rearranging -
Maximu Strain in Intermediate Cylinder

-

g _ l.2 E
~

1/1.20 -.1.2 '141-' , (0. 8g 1/1.20:

x ~ x
" "0#

'I.'.O-116.9 AUl - 116.9(3.17)(25)(17)
.

Per Cent of Ultimate Strain
.

G.x -e w
% X iOO =- -A 100 .= 7/. G '.'==

c o 435
a58 29o

Maximum Intermediate Cylinder Eloncation
NES {g fx L = a se7 x 7.5 o = 5 . r c t'w .=
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'

A III-LOAD CARRY!!:0 CAPACITY OF REIfiFORCED C0:: CRETE
FLOOR OF THE FUEL STORAGE WELL

*
. .

.: low f6 g 12" c/c
_

. 11'-0" . -<
f{

->\ ,(
.

7
A, |

~. . .

Nd. . f
-- -

e ..

, , ' t
h 87 A I2" c/c 9

* *
-,, 3g b rash Pr.d \ ,- * Y-

, 2.
y [(44'x7's") 4 g * Z -. - .,

lin ,- ". * . . . x. ,3
. . . ,|

'-

7 'l,
,my .A . , . . .:,

g] qk
[ a T w y e. ,5 , . .

-I *,
~ i P?

z> : ., Ph\.L^
!

*. -- , - e 4 2 < t 1r ;

,} ,g Cr }. * . . . . . . . .

. ,d _

, . , . .

Gy
f 7 012"-e|* ** j

o3'-6" ^I.7'-A"
,

-

~ "
.

.s !7 0 12" c/c'. m
j, .

J (Reference ) -f ,

'

'

PLAT: SECTIO!! A-A

Concrete strength f'c = 3500 psi
Steel yield stress f = 40,000 psiy

AS O'6
'

* r Compress. ion steel P=
A

8= 9.24 x 10=-,' arca A ' = 0.6 in.2 bd 12 x 54,., 3

' g~ E: -

5 ~

Pnax. = 0.75( $ ) 2 f'c (37.0)9'' Steel areac e fp Y (37, g g_ f),)3- 6

T M'A"
0. 6 in.2A =

0.75 (0.a5)2 x 3,5 (37,0)s =

b=12"j 40.0 (127.o),
'

i .

34 Sg 2p
-

-

q
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The reinforced concrete floor of the feel storage well is supported by con-
tinuous walls around its perir.ieter and is also supported at its midspan
by a 29 inch thick wall as shown on the previous page. The reinforced
concrete slab is 54 inches thick and i:s unsupported portions (A,B,C,D)
arc only 51 5" x 90". During a cask drop event the slab A,B,C,D will be
loaded at its corner on the area indicated by C,G,K,J.

Due to the short spans and depth of the slab, the boundary conditions and
the nature of the loaded area, failure of the slab A,B,C,D by bending or
diagonal tension shear cracking is unli:<ely. The load-carrying capacity
(strength) of the slab will be governed by punching of the slab along the
surface of a truncated pyramid around the loaded rea c, G, K, J.

Shea. area of the truncated pyramid

(1<J + d + J C + d ) x 2d=

(09 54 + 7o + 54) x 2 x 54 = ZM oin.2=

4 d fj.*
, ,,

Allowable shear stress =

4 .{3500 236.64 psi.= =

Load carrying capacity of the slao A,B,C,D

'21% hx .2366=

5o17.g K.=

.

458 306
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h,CHS/'or7A'/'< o') OC sc 6/'572 fuG fpikpi/> &

:/. x in --o ,c/>D osr or 77:5 fsp> ? Fue7- Spec 64

Posti G / & i r,y' of x C'x s r 3&s> J.fx? f,CL- 5ss> TC A

K:ci " /7ccLy Dnoe.=a t> oss?D 77)E S m ir fuae. r70s.cs&

AO ' > S f. " | 72-D /N TI)a POD.' T/~?! S A CC / O 6/J7M L

iC t_Up f/??s.,C i6/J /$ sC/.',0Cf z c7 70 N73 K'r76,nE

"S .5 ff6< 7' Os.) 7'Is& SP.M< SS MCCS /Cn u, .

ro.sc L />6/2,

Y5 5Y l'6 ,/)CSU 772 6 b & (t/676/' foO

,crin ss Dxci+wa fcoin s us/wr 3 ceer x'5c re

~~ . U ks''~'Y:5 i 'h /> ? r , = ._ P::' d u< 8: s L d~v /.

SC L' /$ AS 5u nts7) TO //^2/'A'C 7" p 7~ && Cc?)/t!Z Cf" A

Br9 .SP 937 /~ue ~4 57D/24 GG facK CD 'Y2ff- d SS5)&- 7726

i'?;N A . fJuer2/3 t'K' Of~ ddL L .S A/s3 P/E O b u Ci,o & 77?f'

L' Ks.'.:> c ";." ,CEA*Cric s) lo CBS 70 Sc' ,W ,ca.5*/;rss Y'D

7D 77 6 Rol floor.
~

.

hC 5,*/*JC W Y/|?. $dCC7/L,v $5 ( / f=M-/ /) /3 '7)
~

425 [6X7,i: - 77 6 H7~// ESS //j Td5/?!7,YOJS c./s'E 7/)K ~~
'

/

; 77; s r>c o: ccoux c. .<>en 2 /r; # ~rne/=a

,, ., ,:) sj& 7/r'/$ 6/'d/J I'.

~
. .

'uda U:cawd. 4Jd Ju d
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Ref./O " Design of Structures for filssile impact" a

BC-Top-9A,Rev. f , Bechtel Corp. , 3dp7 /?ff D = 4 ' - 0" ~
v|

+ a
,

1m 7o4 '.3 ''
Diameter of the Cask, D = 4.0' ' d

Length of Cask, L = 12.0' L
u

Veight of Cask, W = 100,000.0 lbs.
= 100 k 4' t "c o ' --- vra t e r _

;
__

''

-

. _ _
- t __

. g_
_ |-

;Top of the :sdrae c u=__,

" * ,' ''8 ' .- - - p_ -y 7
\\\\ \ \\ N N NAssumption.:

1. Cask drops from 3 0 feet above the cas r a un:o.

2. Cask drops vertically (longitudinal axis perpendicular to
the ficor) .

3 fleg l ec t loss of velocity during compression phase of 1Iquid
entry.

4. fleglect skin f riction drag.

5 Assume constant drag coefficient.

All the above assumptions give conservative estimate of the striking velocity.

If the cask drops -;r feet to just hi t the water surface, the initial velocity
is

Vo= d 2gh =3 2 x 32.17 x '#M 59.9 ft/sec.=

The Reynolds number is, according to equation (5-7) of Ref./6
Va d 39.5 x 4.0

= = = /u? x 107P, d

7 0 93 x 10-5
Where v is the kir.ematic viscosity of water.

458 30$
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Cask Impact Velocity (Cont'd.)

.

Since L/d = h= 3,the crag .oeff. is, according to Table 15-1 of Ref.lo for
3the case of circular cylind er with axis parallel to flow and with R p10

.

0.86CD
=

The horizontal cross-sectional area is
.

..

kd2, x (4)2 = 12.566 ft.2 . ..
A =o

Equation (5-5) of Ref./d gives *

y to A 62.4 x 0.86 x 12 5666 -1o
0.00337 ft.a = =

2W 2 x 105

Equation (5-6) gives
'T g 62.'4 x 32.17

0.02007 ft.2 -2-

b = = = sec..bV 10

The weight density of cask is

v 105
663.165 lbs./f t.3

-
Ym = = =

Al 12.566 x 12.0o

According to equation (5-8) of Ref./4., the terminal velocity is

2 9 I"V ~*

,

62.4 1
- '

32.17 l- = 92 59 ft./sec.=

663.165 0.00337 _

7/.E ^sSC feri ACC ? ya.:O&iry ic r :;:v2as ~ A'dit:

E G*/^Tio/1 a ccoggyg. 7c goux n J// i f.; ) ,,a- pg, 70,

Gd ( O Ax G L ) *
.

Z (x) g/a + bA ~ #* * *
0 (0 ~8 *~ ^0/2a ), (0 $x5L) (5-1)

.

:, x aux ,: u ,,m x,. - nans,i ,,

Tk t O/5/c'[ /.]/ b'NN /Kt .,5.' h W$ (, [/s'./;y ,%$

NES 105 (2/74)
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yzaoa iry , fra n, kk /0CKC4 , mi-L' r ,

5.2.J LIQUID DEPTH IS LESS THAN OR EQUAL TO MISSILE LENGTH (H < L)

5.2.1.1 If Z (x) is Negative or Zero at Depth x = H (Z (H) <. 0)
l

The missile will not strike the target. It will penetrate a depth H < Hy.
such that Z (H ) = 0, and then float to the liquid surface.

5.2.1.2 If Z (x) is Positive at Depth x = H (Z (H) > 0)

The striking velocity at depth H is

!V= Z (H) (5-3)

(0.0 2o07 )(/2.%'.) f/- E (.003 ? 7)(/ O f) ,/ , .,|3 2 / ~'- ,Zi x, =
-

o.csss7-

- a f. c= n7 )(i 94 9)|I(?'t.5)-- (o. cz ec7 )/t z.%) 3
'

,,,y i'''+ c
( oo??7 2 (.o0337);

/~ 9 '~4 C. 9 74 /O156.5/ - /8 8 3 7. MJ -
~

Z, ,' x j
r=

/664.6"4,l ,> a * /7:e cc:K i< jill /jor
~

7, ?>:, =. .

.)

,c/ c x T* Bur * 4Jit L .:m s'x 6 7~HE 370iCx&E LACc,

/kE . ITK Ac/Nlr it'6 L '3C. i Ty OF* ThG* '

ci :K o') 7DP QE'd'

x cco,c D hja- 70 E3 u,< nylTf= f a cGE Cx:C is ,
I.

fz' y, _ g,9 y
':A' :e " /T t/ --

sr-3.

/7k,C h:s er. g'< /;i1'.c 5//E/S y .r ,md G:K ,C ,# ,i/ .- 7,7;r/ 7"J>

|i'', /A V,c ini n 'ci~ = -

C.

/40.0)2 3/o/6./4 i /J . L'./ /E|' =m c'x=
B 2 . *,.'

, r;g spier,i> + c/::x wi u i m es.C r . ir a DP of /%E#

''s x . -* s 's w,n' A; /.s a <.n ,/> . Kis<Fric s/JEL<>j; c .c-, , ,

j'*0/)-{d > g. . / /)5 t'// A 'A , E6] C' ,*'- 3/ / | c)d[s ?5.~A '/16 s?] iy[c'O

//, s. a:s n.,- Dri :]D sx - : c&aS ;D ?M ,h > L R.a cu ,

% , ; ._. - AZE Q/ " . Ir . =/) 7 M' [s*/i ff% /: r C ,< T C

a] (id6
'
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