\ . DAIRYLAND POWER COOPERATIVE

L,d (,)um. ONVisconsin
5460

July 11, 1979

In reply, please
refer to LAC-6404

DOCKET NC. 50-409

Director of Nuclear Reactor Regulation

ATTN: Mr. Dennis L. Ziemann, Chief
Operating Reactors Branch #2

Division of Operating Reactors

U. 8. Nuclear Regqulatory Commission

Washington, D. C. 20255

SUBJECT: DAIRYLAND POWER COOPERATIVE
LA CROSSE BOILING WATER REACTOR (LACBWR)
PROVISIONAL OPERATING LICENSE NO. DPR=-45
APPLICATION FOR AMENDMENT TO LICENSE

REFERENCE: (1) DPC lLetter, LAC-6356, Linder to Z2iemenn,
nated June 26, 1979

Dear Mr. Ziemann:

As stated in Reference (1), encleocsed is the complete set of
detailed calculations, including summary of results, of a re-
analysis of a spent fuel shipping cask drop accident with the
pool water ac the 680-fcot elevation.

*# there are any guestions concerning this submittal, please
contact us.

Very truly yours,

DAIRYLAND POWER COOPERATIVE

_!“ tl—\—\L j“"""{l‘*‘

Frank Linder, General Manager

FL:HAT:abs

Enclosures

458 279

7907300 377



Mr. Dennis L. Ziemann, Chief LAC=-6404
Ope.ating Reactors Branch #2 July 11, 1979

STATE OF WISCONS.s )

)
COUNTY OF LA CROSSE)

~

Personally came before me this [ .- day of July, 1979,
the abuve named Frank Linder, to me known to be the person who
executed the foregeing instrument and acknowledged the same.

P& 28

i
{ T4 . / S AR~
Notary Public, La Crosse Countly
Wisconsin
My Commission Expires March 2, 1980.




Mr. Dennis L. Ziemann, Chief LAC=-6404
Operating Reactors Branch #2 July 11,

1979

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, Esg., Chalirman
Atomic Safety and Licensing Board Panel
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 Oceanogruphy
University of Washington
Seattle, Washington 98195

0. S. Hiestand, 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




NUCLEAR ENERGY SERVICES, INC.
NES DIVISION

SHELTER ROCK ROAD
DANBURY, CONN 06810

{203) 748-3581
Mr. Hugh A. Towsley June 27, 1979
LaCrosse Boiling Water Reactor Project/Task No.: 3101
Dairyland Power Cooperative Reference No.: 5101-516

P.0O. Box 135
Genoa, Wi. 54632

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

Reference: 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 B81lA0550, was based on the pool water being at the
701 foot, 9 inch elevation.

In accordance with L. Papworth's instructions, report B8lA0550 will
be revised to incorporate the new calculations at the lower elevation.

1f we can be of further assistance, please call.

Very truly yours,

NUCLEAR ENERGY SERVICES, INC.

NES Division

ko e

RAM :ma Richard A. Milos
Enc. Project Manager
cc: R. E. Shimshak

L. G. Fapworth

W. J. Manion

A. H. Yoli

Automation \edustries. inc Company



NUCLEAR ENERGY SERVICES, INC.

SHELTER ROCK ROAD
DANBURY. CONNECTICUT 06810

1203) 748-2581
Inter-Office Correspondence :
Date:  ;une 26, 1979
To R. Milos
From J. Risley/"f,g
V/
Suhject  LACBWR Spent Fuel Shipping Cask Drop Analysis for
Spent Fuel Pool Water Level at Elevation 680 Feet.
Reference: NES 8l1A0050, Rev. 2 "Spent 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 elevacion at 701'-9". The analysis evaluated
the effects of the cas impacting both the cask area crash pad (Case

1) and the spent fuei storage racks (Case 2). A supplemental shipping
cask drop analysis has been performed for these two cnalysis cises with
the fuel pool water at 680'-(", which is equivalent to the bottom of
the fuel transfers canal.

The shipping cask drop at this lower water elevation will develor
smaller resisting drag forces and therefore generate slightly greater
impact velocities and kinetic energies at impact than those presented
in the referenced :eport. 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% respective.y, from 46.49 fps to 48.28 fps
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.

Thess 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 applicable for the cask drop analysis
at both fuzl 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. .
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ATTACHMENT A

g A
BY HJ DATE 6' 12|79 PROJ. S 0| 1AK%
CHKD. BY DATEL= 2" ‘pagt A o
LACBLE

RESULTS OF CASK DROP ON CRASH PAD s |
Load Case 1}
Cernter Drap (22 Modules Effective) Calculated Value Allowable Vi lue
Maximun Cask Velocity at Instant of Impact S5, 27w N/
(ft/sec)
Maximum Kinetic Energy at Instant of Impact 424210 N/A
(in/k)
Maximum Strain in Intermediate Cylin‘er (in/.n) €. 321 0.48%
Percent of Ultimate Strain in Intermediate be. T ' 100
Cylinder (%)
Tota! Deformation of the Crash Pad (in) g3 ©10.0
Marimum Reaction Load in Each Module (kips) £24. 0 361.2
Maximum Compressive Stress in Inner Cylinder 60.76 101.6
(ksi)
Maximum Strain in Inner Cylinder (in/in) o.0104 0.243
‘ercent of Ultimate Strain in lnner Cylinder 2.8 50.0
%)
Maximum Compressive Stress in Outer Cylinder 5344 101.6
(ksi)
Maximum Strain in Outer Cylinder (in/in) 0. 0054 0.243
Percent of Ultimate Strain in Outer Cylinder (%) FRE 50.0
Maximum Punching Shear Stress in Impact Plate 15.09 26.5
(ksi)
Maximum Punching Shear Stress in Base Plate 9.8 26.5
(kgi)
Faximun Local Bearing Stress on Concrete Floor T L& k.17
(under each module) (ksi)
Maximum Punching Shear Stress in Concrete Floor 0.0l 0.201
(under each module) (ksi)
Maximum Reaction Load for the 22 Modules (kips) T725i.2 N/A
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LRCRw

.cad Case 1
Center Drop (22 Modules Effective) (continued)

Maximum Average Bearing Stress on the Reinforced
Concrete Floor (ksi)

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

Average Shear Stress in Reinforced Concrete Slab
ABCD (ksi)

Maximun Reaction Load on the 29" Thick Reinforced
Concrete Wall Under Floor (kips)

Maximum Compressive Stress in the 29" Thick

Reinforced Concrete Wall Under Floor (ksi)

Load Case 2
Quadrant Impact (17 Modules Effective)

Maximum Cask Velocity at Instant of Impact
(ft/sec)

4aximum Kinetic Energy at Instant of Impact
(in-k)

Maximum Strain in Intermediate Cylinder (in/in)

Percent of Ultimate Strain in Intermediate
Cylinder (%)

Total Deformation of the Crash Pad (in)
Maximum Reaction Load in Each Module (kips)

Maximum Compressive Stress in Inner Cylinder
(ksi)

Maximum Strain in Inner Cylinder (in/in)
Percent of Ultimate Strain in Inner Cylinder (%)

Maximum Compressive Stress in Outer Cylinde”
(ksi)

Maximun Strain in Outer Cylinder (in/in)

Calculated Value

.63

[ 48

O
L

o
m

0.3
2 24
€4 2

Allowable Value

2.1

5097.8

0.201

N/A

2.08

N/A

N/A

0.485

100.0

10.0
361.2

101.6
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-cad Case 2
Quadrant impect (17 Modules Effective) (continued)

Percent of Ultimate Strain in Outer Cylinder (%)

Maximum Punching Shear Stress in Impact Plate
(ksi)

Maximum Punching Shear Stress in Base Plate (ksi)

M_ximum Local Bearing Stress on Concrete Floor
(under each module) (ksi)

Mas.imum Punching Shear Stress in Concrete Floor
(under each module) (ksi)

Maximum Reaction Load for the 17 Moduies (kips)

Maximum Average Bearing Stress on the Reinforced
Concrete Floor (ksi)

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

wverage Shear Stress in Reinforced Concrete Slab
ABCD (kips)

Maximum Reaction Load on the 29" Thick Reinforced
Concrete Wall Under Floor (kips)

Maximum Compressive Stress in the 29'" Thick
Reinforced Concrete Wall Under Floor (ksi)

Calculated Value

Allowable Value

1.20

4343.%

0. 84\

)

. -

JC

50.0

5.5

26.5
L.17

0.201

N/A

2.1

5097.8

0.201

N/A

2.08
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RESULTS OF GAS® DROE_ON STORAGE RAMWS: = " pace 4-4 of
(AL wr.
Calculated Allowable

Straight Crop on Top of Storage Cell Value Value
zight of Shipping Cask (kip) 102.00 N/A

Maximum Drop Height (Ft) 26.22 N/A

Maximum Cask Velocity at Instant of 40.80 N/A
Impact (Ft/sec)

Maximum Kinetic Energy of Drop at Instant 3lecig.é N/A
of Impact (in.k.)

Number of Storage Cells Impacted 82 N/A

Maximum Strain in Each Storage Cell (in/in) 0.023e O.has'

Per Cent of Ultimate Strain in Each Storage a4 .74 100.0
cel! (in/in)

Maximum Cell Deformation (in) 4.276

Maximum Stress in Cell (ksi) &8.70 kl.hz

Maximum Transmicted Reaction Load 2,62 N/A
Per Storage Cell (kips)

Maximum Transmitted Reaction Load for 52 4343.2 N/A
Cells (kips)

Maximum Stress in the Weld Between the 19. 71 28.03
Cell Wall and the Base Plate (ksi)

Maximum Stress in Rack Base Structure 82.52 4.4
(ksi)

Maximum Stress in Jackscrew (ksi) 172 106.34

Maximum Local Bearing Stress on 1.3 2.08
Concrete Floor (ksi) .

Maximum Bending Stress in the Bearing (2 .49 L1.4
Plate (ksi)

Maximum Punching Shear Stress in the A Na k1.4
Liner Plate (ksi)

Maximum Local Bearing Stress on Concrete Floor (ksi) (O 2.08

Maximum Punching Shear Stress on Concrete Floor (ksi) 6.0l 0.201

458 289
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Lk
Calculated Allowable
Straight Drop on Top of Storag- Cell Value Value
Maximum Compressive Stress in the 42' Thick
Reinforced Concrete Wall Under Floor (ksi) 046 2.08
Maximun Reaction Load On Concrete Wall (kips) Loll @ 13104.0
Maximum Unsupported Plate Thickness That
May be Perforated by Missle Free Fall
Velocity,(in)
BRL Formula .30 8425
Stanford Research Institute Formula £.303 0628

1. Ultimate strain for stainless steel.

2. The allowable stress value represents dynamic yield stress
for stainless steel.

3. Allowable stress in the weld - 1.6 x 21 x 30.0 = 28.0 ksi.
36.0

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

o
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NUCLEAR ENERGY SERVICES INC.

NES DIVISION

ARTTACHMENT B
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NUCLEAR ENERGY SERVICES INC. / . 1
NES DIVISION cHko. L2 oate 7 7/ pace 8= 2 of
LAL B
REF.
CASK IMPACT VELOCITY

i ——

Ref./O '“"Design of Structures for Missile Impzct" ! '

BC-Top-9A,Rev.Z , Bechtel Corp., Lepr; 1974 D = 40" —

Diameter of the Cask, D = 4,0'"

EL, 704" 8" e d

Length of Cask, L=12.0" ;
Weight of Cask, W= 100,000.0 Ibs. . ,go” -2
= 100 k . . = Water - -
. e
—-_ & =
3
 E— i—
Top of the Crash Pad — ——_ |
s g —  —— J— P o— =)=
-81375
Assumptions: = 18 AN AES N ARNANARNSN
1. Cask drops.from 3.0 feet above the <dwRZ E(EvaTi0a.
2. Cask drops vertically (longitudinal axis perpendicﬁlar to
the floor).
3. Neglect loss of velocity during compression phase of liquid
entry.
4. MNeglect skin friction drag.
5. Assume constant drag coefficient.

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

is

|f the cask drops Z4:feet to just hit the water surface, the initial velocity

Vo = _‘]zgh = \[2 x 32.17 x24.26 = 305 ft/sec.”

The Reynolds number is, according to equation (5-7) of Ref. /720

Vo d 305 x b0 y,
R = Vv 0.93 x 105 /€7 »x 10

Where v is the kinematic viscosity of water.

NES 105 (2/74)
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Cask lmpac‘ti Velocity

REF.

(Cont'd.)

Since L/d = —;‘1 3,the drag Coeff. is,according to Table 15-1 of Ref./O0 for

the case of cnrcular cylinder with axis parallel to flow and mth R>10

CD = 0.86

The horizontal cross-sectional area is

Ao = G 4% = {-‘ x ()2 =12.566 fr.?
Equation (5-5) of Ref./O gives
c 62.4 . : -1
N '{ D____ _ x 0.86 x 12.5666 = 0.00337 ft.
2 2 x 102
Equation (5-6) gives
b o= X9 . 824 x3217 o o007 £72 sec.
% 10°
Th2 weight density cf cask is
v 105
- = . Jfe.3
! Yo = WU T 17566 xd2.0 | 003165 Tes./it

According to equation

the terminal velocity is

(5’8) of Ref .:’0,

4
62.4 ) 1
663.165 / 0.00337

o %

- [32.17(1-

B
] = 92.99 ft./sec.

5ince HD> L, and according to equation (5-2)-.
s u24 et BAg [ zab .
Z,(L) V,2 + e 2 22 - 2al) =1

+ Vol +

9
— 2al . .
2 (e v ')}

2 - -2 x 0.00337 x 12 ) 0.02007 x 12.566
S 2(0.00337) 2

oya]. 3217
(1-2 x 0.00337 » 2) ‘]* 5.00337 [e
+( ':9.5)2‘} 458 <27 '

= (92.99) [3 x 0.00337 x\Z

2 x 0.00337 x 12 _s_z_lo__l'
X 863.165

NES 105 (2/74)
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REF.

Cask Impact Velocity (Cont'd)

or ZZ(L) = 8647.1 + [‘38.307 + 15,0.25 = 8572.!] x 0.922

%= 2146.86 > 0

"» The cask will not float but will strike the floor.

Value of Z 5 (H) should be calculated

2 _-2a4 | bAc
ZZ(H) =Vy + € 2aH i-—g;g- [e2aL (1-2aL) -I] + Vv 2

o
& _s_ ( eZaL :})_:_m _‘)}

2, ,~2 x 0.00337 x /6.3 (38.307 + /54025 -~ 8572,

= BAL7.) = £2/64%7 = 2210.53-350

+ of the cask on top of the crash pad is, according

The striking velczizy
to equation (5-4) 27,0,
3 3
v - 22<H)] = (2330997 = 4p.:7, fr./sec.

Haximum kinetic e.2rgy of the cask at the instant of impact = 172 HVZ

NES 105 {2/73)
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_QAC R _u2.

REF.

"'.O.\D CASE | - CENTER DROP

Assums 22 Modules gffective - All except 3 Modu'es at each corner of

Crash Pad.
Assume No Bending of Impact Plate.

A) Design for maximum reaction load on .einforced concrete floor

External Kinetic energy of the Cask = "434%7.2 in.kips

Internal Strain Energy of the tensile modules

. i. lbo
N = Numbar of modules effective in absorbing the energy =12,

A = Cross secticnal area .f intermediate cylinder = 3.17 in ?

L = Length of intermediate cylinder = 25 in.

Equating External and internal Enargy - Assume al) kinetic energy
is absorbed by intermed” 2 (tensile) cylinders.

128.5 16
1.166 €x l s ALN = 434:17.0

Strain in Intermadiate ' ,lind:r

e . [mss £; ] 1/1.166 1165 (43427.0) 1/1.166
x 126.5 AL 128.5 (3.17) (25] (22)

-

€ = 0.2772 jn.lin/

Per Cent of Ultimate Strain

€ 0. 2743 -
€ = X X 100 = = 5767 0 ~r
. € R 453 _/_'-/3

u hG

Aol

L

NES 105 (2/74)
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Elongation of Intermediate Cylinder !
1 Sx = €xl.ape279 x 25.0 = £.9% : i

Haximum Stress - Intermediate Cylinder

O'X = 128.5 €x 0.166 128.5 (o.279 }0-166 _ ; g

Maximum Transmitted Reaction Load Per Module

Ry = A0y = 3.17 x/03.98 = 324.5,’“;’5

Haximum Stress -~ lnner Cylinder
w5 BN ‘LG-Zﬁ/ksf A
Ai 5.L7 . L_ /
Mar stvain = ta-u e = 00704 |, Pevend of Whvnd

2t s .
SM\'\ - '°"’4Xtct> -2.15".

Haximum Stress - Outer Cylinder

4gs
= fﬁ'. = 329: - 53.94 "1g1 -
Ao 6. 11 / : r ,
™ Strzuwn = Q:&M' 2\:7\(.6 = 000536 ™[, Reand o ult shatw = °°l_._i:"é”°°
LT ES =
Haximum Punching Shear Stress - Impact Plate = Lo g
« bl & i Dell = 15.04 "ksi
T Do tip T (5.563) (1.25)

[ el

Maximum Punching Shear Stress - Base Plate
" 2AL9.
T D “bp (3.50)(0.5)

Y
‘qaa\ bsi
-

Haximum Local Bearing Stress on Concrete Floor (under each module)

_ Py . 229,06

= — .'/4: .kS.
Effective Area — 9.25x13.5" &' '

Haximum Punching Shear Stress on Concrete Floor (under each madule)

~ B 324%.0

=

Effective Area (56,0 % 3.5V (55 0T

Q.82 6% ksi

Maximum Reactinn Load on Concrete Floor =22 Modules 4Ld Z’;'q
7

- =52 5 8 g >
. R = NRK =27 x S &Y = 7_ s /"'J!QQ
NES 105 (2/74) :
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Maximum Average Bearing Stress on Concrete Floor of Pool &

2 - i « 1537 v —_—
Effective Area 100X 61,5 ksi .

Baxinum Total Reaction Load on Concrete Floor Slab ABCD (5!5 ﬁ’r A-II For
| ( 5 Modules Acting)

Rstab = 5 Px =5 x 3226 = \L48 kips

Maximem Average Shear Stress Around Slab Periphery

= R{‘DL. = - \b 48 = 9'\05 ksi o
Periphearal Arez 2.51.5 + S0) 54.0

Maximum Reaction Load on 29" Thick Reinforced Concrete Wall Under Floor
(Assm--'zw—' Modules Transmit Load)

/ .
Rwall = ‘7 Ry =17 »x324.6 =54H0%7 kips

Haximum Compressive Stress in Reinforced Concrete Wall Under Floor '
R " .
= __1*31] = 5&£03.2 = ‘.quSi
Wall Area 23.0 X(‘Iorusq»)

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

Strain Energy Capacity of Intermediate Cylinders

£g.= _116.9 ¢ 1.20 ,
' 1.2 x =
Equating Externa) and i-..-nal Energy and Rearranging -

Maximum Strain in Intermediate Cylinder _
N - v s v
€ = | 1.2 E i/1.20_ 1.2 42272 1/1.20 o .320in;,.

* |83 AN = [116.3007) (23] (22)

Per Cent of Ultimate Strain

w3 Joh ne= uasx 100 = Go-2"%
u ) 7,5
. e %)
Maximum Intermediote Cylinder Elongation ‘ [‘Jd S

NES °
8 =€ L=1032 x250= 5.0 in.
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REF.

LOAD CASE 2 - QUADRANT IMPACT

Assume 17 Modules Effective - Column Lines A-G and 37
Assume Bending of Impact Plate and Adjacent Modules.

A) Design for maximum reaction load on reinforced concrete floor

External Kinetic energy of the Cask = 4°227.0 in.kips

Internal Strain Energy of the tensile modules

. & 428.5 1.166

N = Numbzr of modules effective in absorbing the energy
A'- Cross sectional area of.intermadiate 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 £~ 1.166 -

1.166 x N = 434270 x 0.85

Stra’n in Interrediate Cylinder

c ,[1.166 Ei | 1/1.166 _._[1.165 (424272)(0.85) T 1/1.166
» : 128.5 (3-'7)(251(!7)]

126.5 ALN

€. = 0.303 in./in.

Per Cent of Ultimate Strain

%)

(.A-

™
L

C = =X = _‘_.' = 62, T [ "'; \
2 . ” X 100 R 62.5 . | 4

NES 105 (2/74)
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T
Elongation of Intermediate Cylinder
] &x = €xlap ic:%25.0 =7.277 in.
Maximum Stress~ Intermediate Cylinder -
U'X = 128.5 €x 0.166 = ]28.5 (0.%03 )0'166 = 10542 kei
Maximum Transmitted Reaction Load Per Module
Ry = A 0y = 3.17 X (0540 =334 10 xips
Haximum Stress - Inner Cylinder
- RX',_. - L B £ ' . ; h ‘ xlos
e * - SNt Wﬁuﬁ'sk“w‘:'o:@
(Vs _Sx‘l LA, = 6 1.08 -:T’v‘ —_— ¢
Mog Bhemen = WY so A Mg, .
Heximum Stress - Outer Cylinder '
‘ = RX = 234 .9 52‘ 66]\ ..-' cos
— T 2B = . (S ) ' . o 5
Fo 6.11 Poncato} Lt STt = L

e ‘ ). S .
St s BRI = sessan,, \z0 4
' ‘ ‘/- ]
Haximum Punching Shear Stress - Impact Plate 0

- R . 33410 = 15.29 ksi
7T Do tip 7 (5.563) (1.25)

Haximum Punching Shear Stress - Base Plate
R,- * 7 s .

20.261 ksi

W tyy | W(3.500(1.5)
Maximum Local Bearing Stress on Concrete Floor {under each module) -
= Rx il o 2,66 ' -ksi

Effective Area  9.25x 13.5

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

- Rx - 234.:c = 0.027 ksi
Effective Area 4(54.0 + 3.5)(55.0) »
| S
Maximum Feaction Load on Concrete Floor = 17 Modules A‘Jd - '
R o= N, =17x334.0 = 567197 kips ' ' -

NES
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Maximum Average Bearing Stress on (oncrete Floor of rooi I ocF
B R £ 5797 . . et
— = 5 -
Effective Area 52.25 x 43.5 ol L s}

Haximum Total Reaction Load on Concrete Flooi Slab ABCD
( & Modules Acting) )
Rslab = SRy =35x224.6 = 2672.5 Rips

Maximum Average Shear Stress Around Slab Periphery

= R&:l:ak

= 2672.8 = O, 5
Peripheral Area 2(51.5 + 30) 554.0 T

Maximum Reaction Load on 29" Thick Remforced Concrete Wall Under Floor
(Assume “h—%!‘.odules Transmit Load)

o -

Ryall = 13 Ry S13x734.0 = 42433 gips

Maximum Compressive Stress in Reinforced Concrete Wali Under Floor

e Riall o 43433 g

kst
Wall Area 23.0 X(o+214%)

Design Check for Maximum Intermediate Cylinder Strain
(Assuming a Minimum Stress Increagg, Que.to Impact of 20%)

Strain Energy Capacity of Intermediate Cylinders

Ei= “6.9 c

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

¢ = [1.2 E, ] 1/1.20 [1 .2 (42427 (o, a_sl]m.zo B

116.9 ALN 116.9(3. 17)(557(”) @ 8T
Per Cent of Ultimate Strain
€ x .
2 =—X 00 "-6—;8—';\ i00= 7.6 % B
c, 5 | 153 29§

. Maximum Intermediate Cylinder Elonaation
NES Cv = E,;L_ = 0.347 3250 = 2 7 AW,
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A TTT-LOAD CARRYING CAPACITY OF REINFORCED CONCRETE

_FLOOR OF THE FUEL STORARE WELL

Asq

1'-0" ]

AT :‘)\

3 Eragh prd\ |
y (674 y74")
= A o
2y
L B 7 \
- | f \
-ty ‘ '
Gy |
y D
3!_611 Al 7"'3”
AQ____L’ (Reference )
PLAN
Concrete strength f'c = 3500 psi
Steel yield stress fy = 40,000 psi

- ———  Compres suon stcz.el >

J , area Ag = 0.6 in.
u’\ ;'& ;
T g _~Steel area

b, A
1 i Ag = 0.6in.2

b=12" |

| i

fs. e 12" c/

/J: .| ;zf k'
£f7 @ ‘2"—-%‘_3 ’ <
Y £7 2 12" ¢/c

dl

SECT!ION A-A
As 0.6 !
P& e = es———— 2 -y
bd 12 % 54 9.24 x 10

Prax = 0-75(9)2 f'c (37.0)
fy (87.0+fy)

= 0.75 (0.85)2 x 3.5 (57.0)
40.0 (127.0)

= 0.03
5 2A

NES 1056 (2/74)
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The reinforced concrete floor of the fuzl storage well is supported by con~
tinuous walls around its perimeter and is also supported at its midspan

by @ 29 inch thick wall as shown on ths previous page. The reinforced
concrete slab is 54 inches thick and i:s unsupported portions (A,B,C,D)

are only 51.5" x S0'". During a cask crop event the slab A,B,C,D will be
loaded at its corner on the area indiczted by C,G,K,J.

Due to the short spans and depth of the slab, the boundary conditions 2nd
the nature of the loaded area, failure of the slab A,B,C,D by bending or
diagonal tension shear cracking is unlikely. The load=carrying capacity

(strength) of the siab will be governed by punching of the slab along the
surface of a truncated pyramid around the loaded - rea ~

<, G, K, J.
Shear- area of the truncated pyramid
= (KkKJ+d+JC+d) x 2d

= (222 54+ 70+ 54) x 2 x 54 = Z2pal gin.2
Allowz25le shear stress = 4 ,iﬁg,

= 4 13500 = 236.64 psi.
Load carrying capaczity of the slap A,B,C,D
= 2\Sapx .2366

= S5A7.8 K.

N
=1

5 300

NES 106 (2/74)
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Ref./0 ''Design of Structures for Missile Impact" N
BC-Top-9aRev. 2 , Bechtel Corp., 2207 /974 D = k'-Q" -
Els 7083 " S5
Diameter of the Qask, D= 4.0 ! P
Length of Cask, L=12.0' h
weight of Cask, W = 100,000.0 1bs. _
= 100 k £ 800" e yarer X ¥
; -y
Top of the smewe oa -
Assumption.: ‘ e e Ay ™ AR N N A R,

1. Cask drops from 3.0 feet above the cues csicvercw,

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

3. Neglect loss of velocity during cumpression phase of liquid
entry.

L. MNeglect skin friction drag.
5. Assume constant drag coefficient.
All the above essumptions give conservative estimate of the striking velocity.

[f the cask drops .7 feet to just hit the water surface, the initial velocity

is
Vo = 1[29.‘1 = -\’2 X 32.17 x 225 = 29.5 ft/sec.

The Reynolds number is, according to eguation (5-7) of Ref./O
V> d 22 5 x 4.0
v 0.93 x 1075

R = = [, 19 X IO7

Where v is the kinematic viscosity of water.

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

Since L/d = —'qz= 3,the arag .oceff. is,according to Table 15-1 of Ref.10 for
the case of circular cylind:r with axis parallel to flow and with R>10

CD = 0.86
The horizontal cross~sectional area is ‘
Ao = BeZ= T x ()2 =12.566 fr.?

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

CpA 62.4 x 0.86 . -1
a = '!__0___0 - & & ‘2 5666 = 0.00337 ft.
Zu 2 x ]05

Equation (5-6) gives

Y9 _ 62.4 x 32.17

..2 -
b . = 0.02007 ft.” sec.
W 10°

Th2 weight density cf cask is

. W 105 ;
’Ym AOL 12.566 x 12.0 663.165 1bs./ft.

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

; SN ECEAT

1 62.4 R
| = 32.17 {1~ J = 92.99 ft./sec.
| 663.165 / 0.00337
ThE CHSKL )77 PRET  HECOC 1Ty AT TORANSE LAk
£LE NTiOr) CCOLDI /e T EQUATII (' S=t ) o LeiT 10,
Vs Yt O £xXx &L s
Zl(x) - g/a+ bAo(l-Zax)fzaz + e-zn(voz-g/n-bAO/Zaz), (0<x<L) (5-1)
»j X FALTOK o THE POIA I o7 A TR L AT o0 ok
THE DA &r=slT VR AL S RECECT 17740 s
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5.2.) LIQUID DEPTH IS LESS THAN OR EQUAL TO MISSILE LENGTH (H< L)

. 3 P | 1£ Zl(x) is Negative or Zero at Depth x = H (ZI(H) < 0)

The missile will not strike the target. It will penetrate a depth H1<_ H
such that 21("1) = 0, and then float to the liquid surface.

5.2.1.2 1t Zl(x) is Positive at Depth x = H (Z1 (H) > 0)

The striking velocity at depth H is

Ve fo, ] M2

(5-3)

-2(00337)(.%9) L, _ 3
foe «,‘(3?,5) » AT {o,v:-zoo?i-z.:’a.}(
( 001337 Z (.oo327)%

| 9rac, 994 + 10956.0/ - /8837.45] -

Z.Ix)

7zl = [ [, 5‘.‘4_/ P The crsk wirll wor
of

EecldTl surs Ll SR EE THE  STOLRSE LK ,

Jh= SR jt A y’;g_f)a/r/ DE  THE coSkE O TOF OF

ThE= = TN EACE, 5 o KECODLD 17/ Jo ENUAR 720,/
)
4 Lor?™ 77 / >~ 72
b v = 1 &' X2 / - 40.3 F77 ,
- _I - = -

- . -
L RA L P2 77, K wETe E/EESYy oF THE CNIK QT M 7T

s T = Yo MV "
e
z - o -5
= x 2e 40.8 X /e - :/0/5,4 PTI «
o 4 - ( /
- 22, &
’;/C: :,hf’f://é" i ;L Ll o //})P/\ .-‘7' '/"C — B2 :)F‘ ;',' s
A el £ 7/ S =T E é//’ > iy &
’
“ 7, = - - > . N —r.
¢ 3, 14 ¥, K /D& PrAK, BERLZT ) LOND AR )= 2 JTEL
I Ok (ot = TIDEL TS LELLE 70 TRE ol Ko
AL L e LE LT & *’:"/ TR EM Oy ;K"’C
" —
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The BRL Formula is shown below, nmodified by setting a material constant
K = 1 and solving directly for steel plate tuickness, T, which will just

be perforated by the missile,
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T = 2 =

6720 : (2-7)

where

T = Steel plate thickness to just perforate (1nches).

2 6300 » .
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W = Weight of the Missile (lb) — 24%000-

V. = Striking Velocity of the lilssile Normal to Target Surface (£+/sec)
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The thickness, t , of a steel barrier required to prevent perforation should
exceed the thickness for threshold of perforacions. It 1s recommended to
« icrease the thickness, T, by 25 percenc to prevent perforation,

tp = 1.25T : (2-8)
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