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RE.SULTS OF AN ACCIDENTAL SPENT FUEL ASSEMBLY DROP LOAD OF 2500 lbs.
'

. .

*

Calculated Allowable*

Straight Droo en Too of Storage Cell Vajue Value

Weight of Fuel Assembly (kip) * 2.75 -:
'

Max'imum Drop Height (in) 59.0 --

Kinetic Energy of Drop to -

be Absorbed (irrk) 162.25 --

Maximum Strain in Storage
Cell (in/in) 0.00813 0.4851

.

Maximum Cell Axia) Deformation
(in) . . 1.37 --

'

2Maximum Stress in Cell (ksi) 44.65 36.00
(103.00)3

Maximum Transmitted Reaction Load
(kips) 142.64 --

Maximum Punching Shear Stress in
Liner Plate (ksi) 13.98 23.044

Maximum Local Bearing Stress
'

on Concrete Flooi (ksi) 1.07 3.57

Inclined Droo on Too of Storage Cell

Maximum External Kinetic Energy per '

,

Storage Cell (irrk) 25.78 < 162.25 --

.

---- -- --

1. Ultimate strain for siginless steel

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

3. Ultimate stress for stainless steel.

4. Allowable punching shear stress = 1.6x0.4Fy
1.6x0.4x.2x30 = 23.04 ksi=
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Allo'wable.

Calculated Value
Value__ _

Straight Droo Through 'the Storage Cell
---

227.0
Maximum Drop Reight (in.) m,

Free FallImpact Velocity --
Maximum 34 9 .

(it/sec)
--

567.5
Maximum dxternal Kinetic Energy (in. k)

Maximum Unsupported Plate Thickness
That May be Perforated.by Missile 0.25

--

Free F all Velocity, (in.)
0.500.20

.

BRL Formula
.

Maximum Transmitted Reaction Load
--

(kips)
-

21.4
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ACCIDENTAL SPENT TUEL ASSDiBLY DR0p ANALYs1S |.

. :

' Fuel Assembly ,

f

The fuel assembly drop analysis has been-

perf ormed to determine the resulting structural'

- damage to the. storage racks. The fuel assembly -

is assumed to f all from a height of . 53 ''
,

above the top of this storage rack and impact
the rack at a location where the critical amount
pf damage will result. Three fuel drop cases

are considered:-

1. Straight drop on top of rack
D 2. Subsequ ent tipping analysis

# 3. Drop i;hrough storage cell and impact at ,.

.

storage cell base plate location
.. .. . . . . . . . . ._ ..

- This analysis . conservatively neglects the -

'

energy losses in the local deformation of the -O, - 59"
' spent fuel assembly which results in a mored . . ...

conservative analy,s_is,of the damage __done to* - d -
' -- * --

the storage cells. I
\
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CASE #1 STRAIGHT DROP ON TOP OF RACK
,

'
.

Assuming uniform storage cell compression, the external kinetic
energy developed in the f all = (f all height) x (weight of fuel assembly).*
Neglecting any buoyant or drag f orces on the f alling assembly -

S'J ''Drop Beight -

2+5bFI*M F M N 3 M $1*|%*s500 rTuel Assembly Weight =
ChuJ Fe b n o 7. TM E W*,

W L 2s k 'mExternal Kinetic Energy =

The maximum reac, tion loads are generated when the fuel . assembly
i= pacts a AACN at the. intersection of the 5TSMdiell, (stiff est
region of TdE ' N/CN ). The fuel assembly is assumed to impact en
area equivalent to that of a storage cell, trans=1 sting and absorbing
the kinetic energy generated during the f all. During impact, the
lead-in guides will collapse absorbing some percentage of the external
lanetic energy. The storage cells are extremely rigid because of
their configuration and theref ore is c'onservatively assumed to transmit

,, ,,
the reaction loads .into the yielding c( TL.L. . base plate. ..

. . .
. . . .. . .. . . . . . .

Q -Conservatively neglect the energy losses due to the local
' ~

. .

~ def ormation of the flare at the top of the cell. The local. deformation- - -

' vill reduce the damage to the cell; therefore, there will be less damage '' "

to the liner plate hnd reinforced ' concrete flo'er,u'nder' the stofage cell'.
.

'

~

LOAD TROM IMPACT ON THE CE44
| -

I Assume axial compression over one storage area. Find the

force by setting the internal energy absorbed equal to the external
-

. energy of the f alling fuel assembly.

External Kinetic Energy of Tuel Assembly = 162.15 K in

Internal Strain Energy of Storage Cell (at 20% stress increase) $d.
Ref erence " Final structural design of a fuel storage well crash pad D $ c.

f or the LACBWR Nuclear Power Plant", page A -tg .

1 '

1. 20 hp'

Ei = 116.9 g
1.2 '

where e = strain in storage cellx
A. = cross-sectional area of cell

= O S rI y * v o.c.S = 3,.19 s Q-
L = Length of cell
N = Number of cells = 1.0

l
*

.

.

. . .
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Ei = Ex - 1/
.

- .
*

. 4.'

j*. E* fi. 2. l . a- s .162.57 -*-

#^ .I" ~_ 0.oo2115-

,.
. l'4 0X 14 di f XK1 X llif.S A (. k .

%

Calculate % Ultimate Strain ''

% fu!= b Ix 100 = O 00212.5 x too = l62~

.Cu.I o.485.

-

P.ax . Deformation of the cell = 8x

ix = ExL = 0. 00 212.E x i < 2 : 1. 5? in
-

.

P.zx Stress in':he cell
C 0. 2

G=//h.?Cx.2 = //h. ?(o .002s n *) = M 65 KSI
. . . - _ . . .Using t!yna=ic yield -stress for stainless-steel = 1.20% of yield

.
.

.

~.w
4 2 x .3c "'' = 3G "'' (.3c + cs) .

-
-,

f.
-

v-w- trans=irted reactien;1oad ...T_.._..--- . 1..;-
-

-
* -
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CASE $2 TUEL ASSEMBLY DROP AND SUBSEOUENT TIPPING
..

. Af ter a fuel asse=bly impacts the rack, it vill tip over and f all
onto several adjacent cells. Conservatively assume that the fuel
assembly vill f all diagonally impacting the minimu= number of cells.

Length of. fuel asse=bly = 14 0 ' -

's
Nu=ber of cells on diagonal i

| '*|o.gs 15 = 15 15 ,/t4 r-

Assume IF cells max. are impacted ~~ /
~

-
.

~ ' ~ ~ ~ ' ~~~

therefore n/is of fuel asse=bly
impacts the 15 @ .c ell -

.
-

* s .. '

6' E.E. =' ?'.. $O 0 '5. * *'S' E '
.. . .

-

.1p2
.

' '
. . . '. ~~ '

,

. ,i.p j .. . ... .... .

Since the kinetic energy per cell ES."rf :is less than the
' kinetic.gnergy generated in fh? straiglit 'dr'op' .4 O. 2 7 the

"~

,

' structural damage ' vill be less severe than the ' fuel asse=bly drop.
.

See Case fl.

.-

CASE #3 STRAIGHT DROP THROUGH A STORAGE CELL AND IMPACT A
STORAGE CELL BASE PLATE

.

The fuel asse=bly is assumed to f all f rom a height 4'.9 feet.

above the storage rack, enter into a single storage location and
continue down through the storage cell i=pactinE the storage cell base
plate. The analysis conservatively neglects any drag or buoyant
forces acting on the asse=bly. -

Maximum kinetic energy at impact . 2 E (168+@ - svt.g ka

~\/g e Maximum impact velocity = (2 6 h' # * [2 # N7.2 y 39,3 g .

.
.

The fuel assembly is assumed to act as a missile striking the
stainless steel base plate. The thickness of plate that a missile,n

L] represented by th.e fuel, assembly, can just perforate is calculated

,
using the Ba.111stic Research 1.aboratory (B.R.L.) equation giv'en in
reference D 2. -

. . .
,

NES 105 (2nd) '.
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2.s}2/3 - *

T= .

,

t J
672D

W.64Where - M = Mass of the missile z
*

z.z n.

T = Thickness just perforated (in.)
.

Vs= Striking velocity ;,, 34 9 b kid-
"

D = Dia:neter of missile

Changing area.into equivalent diameter circle E.ept*, 3,g
s

,

Thickness = 7 = / I H 4 * M'E' : 0 1.c" .

6925.$.5Yr
.

..
.- .

Reco::::nended thickness to
. . .

'
-

Prevent Tenetration = 1.257 - D.".9
- -

.
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Question B.4:

Provide a more detailed discussion of the assumptions and
methodology used to calculate the decay heat loads for normal refueling
and emergency fuel core offload at North Anna.

Answer:

The assumptions and methodology used in calculating the decay heat
loads are listed in our report entitled "A Summary of Information
In Support of Increasing the Spent Fuel Storage Capacity of North
Anna Unit Nos. 1 and 2", which was attached to our letter of August 20,
1982 (Serial No. 450). In order to expand upon the information contained
in this report, attached to this response is a copy of the decay heat
calculations.

'l

I

!

!

9

I-
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rnoa'if'ed 2 on & :For 0. 2 y CO2e.

( @ M stu, j ka = 2900 x P|P A3 4121s 0.2.'1%%

- - _ _
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TABLE 5 (cont)
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TABLE X - +1E AT DECAY H. ANNA,"1
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loc 4'Clo4

Total pu Tame Vi,pS.a o.oco7332 7,26 6A6

||3 coze (3p+)inp = 5.t3 x 0 a.
1 5 0 M + 't5^

8 o.co o o 2.17 - 0, Ris 53
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istW14- 4rd. aspi
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1
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.

April 28,1982
N51-507-005

DQ2 0* Y~

'
-

Mr. C. M. 'Rilbur
Project Engineer
Stone & '.iebster Engineering Corporation
F. O. Sex 2325
Boston, Massachusetts 02107

De ar Mr. iiilbur:

TL'!L POOL DECAY RIAT *.,0 ADS

POISON SPEN! TUEL RACK PROJICT NP-51.2
NDR7.4 ANNA POiiER STA!! S UNIT NOS. 162

Tou are herein authorized to pro: sed with .the calculation if spent
loads and pool te:nparatures and an assess:ent offuel pool decay heat

the impact on component cooling and service water systems in a::crdance
-

h e estima:e for this'

with the scope of work contained in Attachment I;22, 1982 (N51-V01-803),is 220werk, provided in your latter of April '

*

manhours.

All work associated with this task shatl,1 be charged to J. O. No.The13929.26. he current calling for this project is 150 sanhours.
( new ceiling is 370 mar. hours. ne 1932 in: rec 4nt for this task is 220

'

canhours . .

1982. PleaseThe required cenpletion date f=r this work is May it.,
notify us in writing in the event you should anticipate exceeding the----y
new nar. hour ceiling or be unable to meet the required schedule.

If you hava any questions on this matter, please centact the project
engineer, Mr. H. S. McKay a: (804) 771-6079.

.

very truly yours,~

A. L. Parrish, III

Manager
Multiple Power Proje:ts

MsM:cbs

Attachment.

~

Mr. C. J. Burroughs , w/ attach =encs. cc:
*l. T. Davids onI

' bc; G. B. Flowers M. L. Bowling, Jr. .

J. C. Harris, Jr. J. M. Davis M. L. $=ith,

L. A. Taylor PSI &C Records Management NP-51.
('''H. 5. McKay *. .
~ - - - . - ~ ~ - - - .. .. ~

.. -- ._. . - . .-. - _ _ - - . - . . . - . - _ . . _ . - _ . - . . - - - . - . . . - . . - . -
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ATTACictENT I .

SCO?E 07 WORK

.

For cases 1 thr= ugh 6 described belev calculate the following:

1. Tual Pool De:ay Hea: Load

2. Tuel P::1 Te=peratures for the f:11:r.-ing Cecling Sys:es * ir. sups .

a. 1 pump 1 coola:
's . I pump 2 c:21ers

2 pu=ps. 2 coolersc.

j 3. Assessmen: ef the Impact en Ceep:nen: Cooling Water and Service
' Water Systa=s.

.

ASSUMPTIONS FOR ALL CASES
.

,

( .

1. Haa: Leeds to be calculated using NRC Branch Techr.ieal Position 9-2.
~

2. North Anna - use stretch rating of 2900 W

3. Surry - use stretch ra:ing of 2546 W
l

-

( All fuel assumed to be coved to the pool instantaneously 150 heurs
| 4

af ter shu:down except for full ecra discharge case when fuel is
coved ft:= :he reactor cors :o the fuel posi at a ra:e of 20 mins.
per asse:61y stariing 150 hours af ter ahutdown. .

| =

,

5. Service va:ar temperature at its design cax. of 10007.

Ttw l i l '' F ~ . ,
,

CCd : tis 2'F
9;.9 S n.t|o o 'f. f 3. !

.
,

.

9

$

9.

. .. . - .. . . . _ _ , . . , _ , - _ - _ , , - , _ - . - _ - , _ _ _ __. _ ..,.._._,_m.,m. ... ..-. ry.__ __, , . _ , , . . - . - . . _ _ _ _ , - _ .
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Question B.7:

Verify that no loss of fuel pool integrity or cooling function could
occur as the result of a load drop from the maximum lift height above
the spent fuel pool and fuel building operating floor during rack
handling and installation operations.

Answer:

An analysis has been performed to evaluate potential local damage
and overall structural effects to the spent fuel storage pool due
to a spent fuel rack drop accident. After the rack is raised to'

its highest elevation over the spent fuel pool, the rack drops
straight down and strikes the pool floor. Two fuel rack drop
: attitudes have been considered: the rack hitting upright
with its axis vertical and the rack hitting on its corner at an

angle.
.

Based on the results of this analysis, the rack drop events could
cause minor structural damage to the floor of the spent fuel pool
loading area. There will be some local penetration of the floor.
However, the overall structural integrity of the spent fuel pool
will be maintained. A copy of the report describing the analysis
and the results is attached.

.

-
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