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Question 1:

Response:

Provide clear sketches indicating the connection between
the corner storage cells and the spent fuel pool floor pads
at their mating surfaces. If the corner cells simply rest
on the pads, a detailed description should be provided as
to how the effect of possible sliding of the rack modules

. and potential impact between the inner cells and the floor

pads are incorporated in the design. Also discuss how the

_ various tools and the gates in storage within the pool in-

teract with the new rack system in a seismic environment.

The corner storage cells do not just simply rest on the fuel
pool floor pads. The corner cells rest on adapter plates as
shown in Figures 1-1 and 1-2. The adapter plates are keyed

to the existing rack stops and the corners of the fuel stor-
age cells are keyed to the adapter plates through 1-5/8" dia-
meter restraint pins. For installation purposes a nominal
clearance of 1/16 inch is provided all around between the
restraint pin hole in the corner storage cells and the re-
straint pin, and between the clearance cut-outs in the adapter

. plates and the existing rack stops. The clearance also pro-
~vides sufficient allowance for thermal expansion. The hori-

zontal seismic loads are transmitted from the rack structure

-to the existing rack stops at each corner of the rack through

the adaptcr p]ates and pins. The racks cannot slide during

An\l r1m<.‘|rln l\:lc'lc CD'lCm'lf‘ D\IOnTC

The new high density spent fuel racks will replace the existing
racks on a one for one basis and will occupy the same space as
the existing spent fuel racks. Therefore, there will be no
interferences between the new spent fuel storage racks and the

~ gates and tools in storage within the pool. A1l of the equip-

ment.stored within the fuel pool, except the fuel pool gates,
weighs less than a fuel assembly. Therefore, any possible inter-
action between these tools and the fuel racks would be less
severe than interaction between a fuel assembly and the spent
fuel storage racks, which has been ana]yzed. The fuel pool

~gates, however, weigh 3300 pounds, which is more than a fuel

assembly. These gates are stored in such a manner as they are
captured at both the top and the bottom making interaction be-
tween the gate and the spent fuel storage racks very unlikely.
This is shown in Figure 1-3.
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" Question 2:

Response:

Provide a complete description of the connection between the
inner cells among each other, and among them and the corner
cells 1indicating how the potential impact between adjacent
inner cells and the corner cells are accounted for in the de-
sign. Also indicate how the stresses due to the 1" vertical
deformation of the inner cells to accommodate the unevenness
of the floor were accounted for by stating the specific load

~ combinations utilized.

The rack grids maintain the horizontal position of the inner
cells relative to each other and the corner cells such that
impact between inner cells and/or corner cells is not possi-
ble. Each grid consists of welded 4-inch by 1-1/2 inch x 3/16
inch channels forming square openings in which the inner cells

.are placed. The grids are welded to the top and bottom ends

of the heavy wall (1/4 inch thick) corner storage cells to
form .the basic rack structure. Diagonal bracing welded to the

~ corner storage cells completes the rack structure and provides
the lateral and torsional rigidity to accommodate seismic and

installation loads.

Figures 2-1 and 2-2 show the specific method of retaining the

. inner cells within the grid openings. At each grid elevation
- four angle clips capture the corners of each inner cell. These

14 soldad + ; i
clips are welded to the channel members of each grid to main-

- tain pitch and vertical plumbness. A slight ciearance is pro-

vided between the clips and the cells (1/64 inch maximum for
each clip) to facilitiate fabrication and to permit vertical

".movement of the inner cells. Such vertical movement does not

introduce any stresses/deformations in the rack structure or
the inner storage cells since each inner cell can move freely
past the grid retaining clips to sit directly on the pool floor.

. The design permits the vertical loads for each inner cell to

be ‘transmitted to the pool floor. It is necessary to limit
the vertical travel of the inner storage cells to prevent (1)
removal of a cell during fuel handling operations (e.g. stuck

- fuel assembly load case) and (2) a cell dropping out of the

rack during rack installation/removal. Mechanical stops welded
to each inner cell limit the total vertical travel to about
2 inches (+ 1 dinch). These stops will support the weight of

“the fuel cell plus a fuel assembly if necessary.
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Queétion 3:

Response:

On the top of page 28 a reference is made to a "structure".
It is quite unclear as to how this structure functions. Pro-
vide a detailed discussion indicating the function and the
physical nature of the "structure".

The purpose of the fuel assembly guard structure is to pre-
vent a fuel assembly from being brought up against the side

of the peripheral fuel racks wherever the space between the -
fuel racks and the fuel pool walls is sufficient to insert

an assembly. The structure is a 4-inch by 2-inch by 3/16 inch
angle welded to the outside channel of the upper grid. The
Tocation and configuration of the guard structure is shown in
Figure 3-1. With this structure in place it will not be possi-
ble to move a fuel assembly closer than ~8 inches to stored
fuel thereby maintaining a pitch in excess of 17 inches for
this condition. The guard structures are required on the east
and west sides of the storage rack array and on the two racks
adjacent to the Unit 2 refueling canal. The space between the
fuel racks and the north or south walls is not sufficient to

~insert a fuel assembly.
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Question 4:

Response:

In Section 6.3.1.1 it should be clearly stated (SIC) which

ground response spectra and amplified floor response spectra

-were used for this modification indicating the appropriate

SSE and OBE values. Also indicate how the allowable stress
values for stainless steel at various design temperature
were obtained.

The amplified response spectra used in the design of the spent
fuel racks are shown in Figures 4-1 through 4-6. The ground
acceleration values in section 2.5 of the Surry 1 and 2 FSAR

“were used to generate these curves. A dynamic model repre-

senting the fuel building structure and the subgrade was pre-
pared. This model was used to calculate amplified response
spectra (ARS) due to the specified earthquake. ARS were gene-
rated for both the Safe Shutdown Earthquake (SSE) and the

- Operational Basis Earthquake (1/2 SSE) at the mat surface, the
.top of the concrete structure, and the roof of the steel super-

structure. The response spectra of the design earthquakes used
are consistent with the requirements set forth by NRC Regulatory
Guide 1.60, and the damping levels are from NRC Regulatory Guide
1.61. ‘

The dynamic analysis was performed for a range of subgrade pro-
pertics to account for uncertainties in soil parameters. The
ARS provided are the resuit of enveloping tne response specira
obtained from these analyses. They also include the design

_ground response spectrum.

The various load cembinations considered in the design of the
High Density Fuel Storage Racks and the allowable stress values
for these load combinations are given in Tables 4-1 and 4-2 res-

- pectively. The yield stress value for stainless steel used

in calculating the section strength for all the load combina-
tions was taken as 30.0 ksi.




[OOSR 500 Sy S S

O R MO

S0V U U OGS S UUSNY 08

._ ...... JEREE R o S

B P |

= [ N N N \HHH,..«.HH.IMIIII. \

e

|

, . 00 00
L " NQTLBY3T3D

'

I
M




-

- = - a8 - . _ a , B
o U . ¥ : St S S
o — el Akt ~ - S - S R b rmme s e -
A B o ; T S U e z
[ o - i : . ! : b
ool awd BT D SR ! T el T el Rl S
e U1 R R e T T R A T M IJM
- lle. o L. —— St e ,.I — -1 ! e | — L e e e g e ——— e — [t
lllllll I\I_ - ) llll“..l.wu":.luﬂl.lu R MO -t L St - - - —— 1 — n.un - - )
.ltl,dmuu.oﬂl T L L T T T T T H..m,..,. P R R S A Ll
e e T s e e R
e T T T o T o T T T T I I T D T I T (R SRS A S T
T L T T T T T T T T T T L T L T T T T T T T T
e I S St B S p Ty | % -
——— 7. w ki et e T A A —} T T —— M
. ___ m - e e ——— [T - e e e e — o T TTTTT
- B L Bl i ST T S R - — —_— - |.|||m.l\.. ..n!l_ e R
n”%-.uw.x..l..llhul..lfHHW“HllllH.I. H,I..H‘A.H.ll..l.._ S LIITT B S i A MHH.._ﬂll.H o
O Y S SO DO S S S : [ S e e
N 3 R SRS IR SRS m _ ISR D Y P A ”| - Iz
i |"1.8 — L— [ VN — e e . IS P, L—Mlll. rOD . -
e e e T e e e e e LA
. e —— e - [ O N S o B
- T S S B L T I L I L T T I D S
————m T Z T T |..w..|i. S A e i e ek : -
= St A Sy e g P (5 -
S Bt e s o s e -
e e ) e e e e e ——— [ S, .
Nlln%_ |H.|.|:_||:.||l.|l.|ll.|__unllu.l.ulhlwll| St M 1|lxv|ﬂ1!||] T mm
J = : ' : . _ Lo
sy i S U S g U o .
s A I S I AR R ¥ P T R I
“g.ll.uhlll B s ot A S A T Lo _
e ; . - _ : _ —————
G\ J A SO AU SR RO O T T T i — Tt
P S D - |||..._ S S S SRR I - o
gt S S S 5O e Y S S S < :
: oY : . d R _* —_—
].W_.-- e i Sl St B Rl Rl B et — o . -
L ,_I; uu!u...iH.l -m,xu, ..m-ll.- R S M(l_ SRR D .....l||;|v B |.4er1|| .
—Zm o : i v..| 1 R B S Gt P S _—
|||.rﬁ|wi 4 H :!x.ﬂ._._ T D WIIHHI”u.ww T . A SRS P |”| SRS DR 5‘
— - et St s R e bt SIS ST DI Sl PRt S o
l.. : . : fo o 751 _ : ” : A
N i ! -w.ll.”Hm“..,_..um U A SO N A S xm.-..H B e
Oy b e e B o e e S i St 2
—4 SRS oSSty A~ s s e B G SO Vo NS SO oo
A i e e S e e T e I S Rt ! Ee o i s - L o~
IR = B o S S SR (O T S ! RS .mS -
...... et = O [ g s P Y T
U e L e : ; S W
\ DO T T |W.|.“‘ ...r.m-,nm.u.__illlu.x D - xlsH“ T 1|HH-..IHU.I-..:1_1:..,.|| [ —— T nW.n
w0 -t HH.,.% - m T T T T T T T T T T e B
- [ A ol T S5 o _ ! : : —- -
R RIG ——ZZZ... - n.._l - e - L
) P T B e A e -
T TW IS N Y T T T e s Qe
—_ el ——— L L @l ; “l. : - ol
e R e e e e T T T e St R o8 o
—_— ) O xpDn % oGn .!I._...:._ ‘m.n.:lll|l.l.lh|...\lml. — i J— e = .
— O WL e e R S et i — . - -
S 75 T - = o vt SRS ] B S S e
() e el L SNSRI TS -
AN S S [ S o "
PR b e e e ~ 1 - JERE SSRGS SR SR, N -
| N SR 6 B &5 [ 3% JRDNNESN / » . g Ul ; N —— et
_ m“ % 7 7 7 v+ Bk S ——— LT FENO SR : ; e K=
— 0 I ooo “I.a-.mn.u m ; PR RS L"- — |“ ; - .
@ - T L T T ella B SO S SR S S N IR A o LT
e ok G Em el ! ; l '
Tt e e e e e et M S e T T
—.dz = —— U o | [ P P R JUURD S, N . -
e oy Y Ay SO OO [ A T wn_ —
OO 200 e By e e et e e | ] S o :
— b ) e e D L Mlml —— S G v IUJ.II II,IM{n
S et oo o0t D U i i tines st Mot sl ot Rttt Mot LTI
— . (C — > N .“| PR A p H_ — e TR SIERERTY SR, ——— .y_..x|x|+|lx .-
o o s e I e = e R Ut S B e A S oo
P oA B IR Y SO F SRR TR e Pt
— 0 X RSN/ R T ) T SRS D W o
e T " R n.M o o T R R S A -
N [N T I T R S Y : - o . R ER
H.lp/__...l,”wo&t,u.llm.ls.!wwm... - W_ m . ARSI S R b S S st i i . -
. e I T e, e LTI T T T Sl Ry S Tl
TIGO W LTI D T e S s . i _ S SR P
Tl el TN T U e w _Tk R R I A Lt
R Tl sl ~ PO N SRtk M GRSt o .
- - N 2L i (]
g g e R
. T o o i R
T S R Y S - SN NS . BN EEETRIN BELLE SN
— (0 : . : ' : !
‘.w._i : SR T : _ .
© oz ’ b - | ! =
TTO > 0 cmermmmIET T e T T T T o
o 01 O : 009 008 00"y 00E 00- 2 0o *d
] H . . -
IR S A .0 NOIIBYdT3908 - I




L T T T T T
T s { +— ¢

SR et e " 1

B g e — —p— -

R O s T e T L et B R

— - v
_. i w AP SR O S L : e

" U oS! (RSN SUSERUUHEY VRSS! P yUNPURSURY yOFSSSUSOSYHESS SIS USRS ESPUGISPU S S UM PSS S — P S
— .h_, —i : : I : S nom -

: : e 02 B ——bes [, -— —e
(0 : Y] . ! : - fm

e (Y e e e e e e e e - i RO

s Yo

TREC
B

o
SECS -

[
|
i
1
|

i
i
l
R
|
1

|
]

i
.20

)
|
!
|

-
|
{
|
j

Tl

o oo I

i
i
i
!
i

|
|
|

|
t

|
p_-_—_—_'—'_}

h
i

'N=S DIRECTIO

RESPONSE | SPECTRUM . |
NQLY§IS;}ié3Lh PED

SO SN S

!
1

-u5837

16N

T
. METHGD OF. A

VA
GOR
!
|
|

{

()
T
Q.

-
v
-
E
¢ -
[yl

.. 00%9 00°s . 00°% 00" 00°2
LR 9 ROT1BNA13I0Y

Y
E
FL

Sy

i
i
:

«
R -
'
[T Lo
/ :
H [
e !
g
H
\ i
i
i

]

]
SIS

L]

'

{




[

i_;_i__‘_:_'..'_-..

[

o

.il
’!1

REEA NNy

aTOR D

| OSEILL QP ]
£ 0.040" | GSCILLATOR DAMPIN

R-DAMPING! | [}

F::i

i
by
]

I
i :

L

0.070. ' 0SCILLATO

D

B oo B o
Le

VATICON

|
i

MASSES ON.

1
f
3 LUMPED

ED WITH FRIDAY PROCRAM..

i

METHOD OF RNALYSIS -!

i

- | DETERMIN

| _00"¥
SR §

00"
NOIL

i

£
o]

002
MJMQUC

¢




- . . - R eh e mme e HE v JUU
e P S e e e P e e e
) } .

e S TSRS T At R
e S SO IS A P
- h T T —

......... Q“ i .'.\!Il.,.'».ll!]lllmull..f;llil e ——— e e

" —

—— oy I~ F N " SRS N m.-.llzm.xcl..”

St L ey D ST S S
B : FR R S SN M
i T S _.,|].:||Mm...-w||.p||!..:!,... ﬁ.w.%ﬂhﬂ..ullu.r“l I
M T « o SN | _ i T —
—_——— — — -t — —————— e — - ——
ol —O I

e Gy LTIl T T T T T v T T T T
—e= =}
g S == R SO RO S
JESR RS DS R

T Rl e

I S .

S S S S

S RS At U § J st S Y S At SO T

R > ot S 2 S S S o I R—— S
J—e p J— .-__.lls.z!.rli-:llfi-i.-..i; S S Y T

— —_— - —
N T T T T T Bt I I T

] — —p—— ——— - — . { - —

B e - _— ————
= —— ! e S B, - — ——— e —
SO N R~ NN N S
S— ) ui : .
—_— i ..L e —_—fm—_— N\ - — e .
JEN : Tt~ . _ i - —
i - — — 0 O oz - ] NI T T
JE— I- -~ . U R — -
- -
. .
T

|
SECS

l
G
G
it
|
K
i
cT
|
|
i
|
u
2
|
‘\_|
L]
|
l
PERIOD 1

= =z _
-
& - &
- TT .o ui_ [ YA ° - —
fpanl o oo T ¢ A, — — JEE 1 —_— -l — o
. o _ L =L ] [ S T | . : ! .
TS 88 g ittt o detot e Bseley oo M —_ - -
T O T W c P RR g s s e e e e e i
JUNNENEN R.i!-...nun.. .num m s mh U U DR B . —
— ) e B —_——— e et ——, —_—— —_——
o
St U5 B 0 e e i Gl St e SOt N A I ‘
—B O e T e : “ =
T WZ T8 A86 .6 e S Ll e T e o o _
i iwm oo N Rty R S PN SO -
— e — &S o iy SIS S S SU———
TTZEWI e en TURTES S e S e O S N T
Om.... oo O S o O B SO
e e e e e 2
ST = il S Y T TR DT DT st Mt i M
T O ﬁ [ S e R - S SO o
i o U B St AT Bl ottt Bulas s et s el Bt suspil oot A .
i = I o s U T T O T T
P = B R e U S i n s A S I
e W a L DLk I et ton B S .
S e T n o= Tz D Rt Ao i - 1e :
e - HIC i .‘ - IS[D B — llt — — ._ll.l..l:. - — e e — AP .
—— =l o e > . - R S [ — (=
gt LU I Rty Ml =~ SR Tl BT sbo Sl DY M
TN L W ILIILII T 2 = L T Rl S
I 0~ — | _ - -
CTEH O W T T s T L ety TNt s M
[ N 7] el .- O % P : _ e i — %
>0 = Rt e S el 2
TeTTTo TS R ) - R — o T T
—_— . Q. e e— B Wu. i : R D - [ — .
O = w ST la Pl i T P oo
75 B TRV (i .~ S S S Sl it S el
T LTI ,ﬂ P : N
T — - T : T T N o
'OHR, - ol : = _ Q
W) >0 T T T T . T
o 00°9 008 00y zooHo.@x doﬁmm 00" o
W _ 0 L J
B I I SO . IMII-! S S S SN
. L L T Enerpnp: U R R o B — .- - J . e v
e - e e e e ot T . { Sae \ - S . e e
———— e - —— - m — S
oo oo ;
— | - - - —




I

———y

e e e *y:lll...l\\l._.inf(..nx -

|n||.'.||> p—1 9 - ——
T T e T T T

B et L ey R -
it O L-I.l. PR Klvl:..mu,l..l|-xl.|ll.i
B e I S —e—— v e e e == - -

) [ .rlllE W.ul e

i

'ACCELERATIONS .\

Tl e ——— i : " | 2\

o (] e e e G JE SN o A : -

i

Z : “ X : : : 7
4 —te o : ; H -
| -

by
|
|
|
!
S

i
-y

DAMP ING!
P
|
1
E
S
i
!

ILLATOR: DAMP]
|
|

i
SRRRNERAN]

t

&
;
¢
REARE
|
i

I

~-“--'-"""‘
i KL-

. Ti
e D Qs

FIGURE L-6

l
!
L
D
5
I
ING:
L
|
Et.
PE
i
i
|
i
!
!
|
1

il

El
|
!

i

|
|
i
1

|
i
i
L
|
|
i
|
|
|
!
|
!
|
{
|

{
|
R
{
|
LATOR CRAMPING

.
EEE LY LYY

1l

N s NECHESS NN

aE

!
|
¢

1 0u28 T
[ iPERIOD IN

Pl
I B

IO O T

|
|
i

SCILL
0SCILLATOR

st

e

]
I

by
i

ETHOD OF ANALYSIS | 3' LUMPED: MRSSES;

00°S 00" ¥ 0o-e 002
,o .ZOHFGmMJMUUEML

S




ELS

TABLE 4-1
LOADING CONDITIONS

The following load cases and load combinations have been considered in
the analysis in accordance with the requirements of USNRC Standard Review
Plan, Section 3.8.4.

Load Cases:.

Load Case la - | Dead Weight of Rack Plus Corner Fuel Assemblies,

D + L (Normal Load)

Under normal operating conditions the rack is subjected to the dead weight
Toading of the rack structure itself plus the loads resulting from four
fuel assemblies stored in the four structural corner cells. The loads
resulting from the individual storage cells and contained fuel assemblies
are not considered since these transmit their load directly to the pool
floor and not through the structure.

Load Case 1b - Dead Weight of Rack and Storage Cells, D + I.L.
(Normai Load)

During installation the rack is ubjected to the loading resulting from
1is awin stiuctiral weignt nius the WI:'_IGI-II of_the empty storage cells.
"~ Load Case 2 - Operating Basis Earthquake, E (Severe Ehvirohmenta]

Load)

. The rack, fuel assemblies, and virtual water mass react to the simultaneous

loading of the horizontal and vertical components of the sismic response
acceleration spectra specified for the Operating Basis Earthquake in the
Surry 1 and 2 Seismic Design Specifications (see Figures 4-2, 4-3, and 4-4).
The seismic loading is applied to two storage conditions: a fully loaded
rack and one partially loaded with 21 fuel assemblies.

Load Case 3 - Safe Shutdown Earthquake, E' (Extreme Environmental

Load)

Same as Load Case 2 except that the seismic response acceleration spectra
corresponding to the Safe Shutdown Earthquake was used in the analysis
(see Figures 4-5, 4-6 and 4-7).




Load Case 4 - Uplifting Load, U.L. (Abnormal Load)

The possibility of the fuel handling bridge fuel hoist grapple getting
hooked on a fuel storage cell was considered. The uplift force considered
for this load case was 2400 pounds which corresponds to a specified 4000 Tbs.
uplift load less the weight of the storage cell and contained fuel assembly.
This load is conservative considering that the hoist has a load-Timit cell
set at ~2000 pounds resulting in an actual uplift force of 350 1bs. when
the assembly 1is present.

"Load Case 5 - Assembly Drop Impact Load, (Abnormal Load)

The possibility of dropping a fuel assembly on the rack from the highest
possible elevation during spent fuel handling was considered. A 1500 pound

' we1ght was postulated to drop on the rack from a height of 24 inches.

" Thermal Loading, T (Normal Load)

The stresses and reaction Toads due to thermal loadings are insignificant
since clearances are provided at the base attachments to allow unrestrained
growth of the racks for the maximum expected temperature differential.

‘Load Combinations-‘

(a) For service load cond1t1ons, the fo1loW1wg load comb1nat1ons
are considered using elastic work1ng stress design methods
of AISC:
(ta) D+ L
(1b) D + I.L.
(2) D+ L+E
(b) For factored load conditions, the following load combinations
’ are considered using elastic working stress design methods of
AISC" .
(3) D+L+E

(4) D+ UL




TABLE 4-2
'STRUCTURAL ACCEPTANCE CRITERIA

The following allowable Tlimits constitute the structural acceptance cri-
teria used for each of the loading combinations presented in Table 4-1. -

Load ‘
~ Combinations | Limit
1 | s
2 S
’ 3 1.6S
4 | 1.6S

Where S is the required section strength based on the
elastic design methods and the allowable stresses de-
fined in Part 1 of the AISC "Specification for the
Design, Fabricaticn and Erection of Structural Steel
for Building", February 12, 1969. The yield stress

valué for ctainiess siteei is itaken at 30.0 ksi.

The acceptance criteria for Load Case 5, acc1denta1 fue1 assemb]y drop onto
the rack, is that the resulting impact will not adversely affect the leak-
tightness integrity of the fuel pool floor and liner plate and that the

deformation of the impacted storage cells will not adverse]y affect the
value of kgff.




Question 5:

Response:

Thermal loads should be included for the service load com-
binations, and for the factored load combinations per Section
3.8.4.11.3 of the Standard Review Plan. .Provide stress sum-
maries for all load combinations including those that were
omitted in this report.

Th maximum thermal growth of the fuel storage racks would be
0.11 inches for a fuel pool bulk water temperature change
from 70°F to 210°F (84" x 9.35 x 10-6 in./in./°F x (210 -
70°F). Sufficient clearance between the fuel storage rack
and the pool floor support pads (0.125 inches minimum) has
been provided to eliminate any potential interference be-

- tween the rack and the support pads caused by thermal expan-

sion. The installation approach permits those -clearances to
be achieved during the wet installation of the Surry fuel
racks. Since there will not be any interferences between the
rack and its support points, the stresses and reaction loads
due to thermal Toadings would be insignificant. Furthermore,
there will not be any Tocal stresses due to thermal gradients
across the fuel storage rack structural members, since signi-
ficant increases in pool water bulk temperature occur very
gradually (a change from 70°F to 210°F would ‘take ~20 hours).

The maximdm stress values for a]] load combinations except -
de\n are Q|Vl,l| ‘” T:\h‘ln £..1 Thn +V\nr(‘ \ln‘llll\(‘

o IR (¥4 (Y i -’UIL,
for the fuel assembly drop are presenteu in the YeSpOnbe to .
Question No. 7.

E- ~en
'uel uJJL.“L/I‘.’




® : | | | | TABl!E_--_']_ | ¢

COMBINED STRESS SUMMARY

LOAD ELEMENT COMBINED STRESS (ksi)* ' COMBINED**

COMBINATION NQ./TYPE EALgH}ATED ALLOWABLE STRESS RATIO
la) D+ 1L 74/Beam 1.70 18.5 : -
158/Beam 1.78 18.5 - -
48/Plate - : 1.17 16.8 -
‘1b) D + I.L. 77/Beam 15,52 18.5 -
48/Plate 1.24 16.8 - ‘ -
2) D+ L+E 2/Beam £.56 - - 0.32
(Fully Loaded Rack) 74/Beam €.85 - 0.54
158/Beam £.18 - . 0.36
164/Beam &, 937 . - , 0.29
| 48/P1ate 9.17 16.8 | -
3) D+ L +E 2 /Beam a.56 - ' 0.35
(Fully Loaded Rack) . 74/Beam 10.51 - - 0.59
158/Beam 7.57 - 0.37
164/Beam &.51 - 0.32
48/P1ate 16.22 26.9 C -
4) D+ U.L. 70/154 /Beams 16.93 ' 29.6 -

53/Plate 0.35 - 26.9 -

* Maximum Total Stress P/A + MoC3 + M3Cp for Beams. Max Von Mises for Plates. Allowable stresses are
flexural for beams and tensile for plates.

** Combined axial compression plus bending stress requirement per AISC Specification Section.



Question 6:

Response:

Question 7:

Response:

On page 29 under Toad case 4 indicate the consequences of

. malfunction of the load 1imit cell.

The uplift load case which was analyzed did not take credit
for the operation of the load Timit cell. The uplift load
applied to the fuel storage rack was based on the stall load
developed by the fuel handling bridge hoist (4000 pounds)

less the weight of the jammed fuel assembly and the fuel stor-
age cell (a combined weight of ~1650 pounds). Consequently

. the malfunction of the Toad Timit switch will not affect the

results of the analysis.

On page 29 under load case 5 indicate by reference to clear
sketches that the maximum drop height is indeed 24". Discuss
the effects of a drop for the cases of (a) straight drop on

top of storage cans at the weakest edge of a can, (b) an in-
clined drop maximumizing the kinetic energy, and (c) a straight
drop through a storage can and impacting on the liner. Also
indicate the Tocal and overall effects of these postulated
impact loads. '

The actual maximum drop height is actually 23 1/4" inches,
24 inches was therefore used conservatively. This is shown

- in Figure 7-1 which shows the elevation of the bottom of the

fuel pool to be 6'10" and the bottom of a fuel assembly during
transfer to be a elevation 23'2". The high density spent fuel
racks are 14' 4 3/4" in height. :

Case (a) Straight Drop on Top of Storage Cans at the Weakest '
-Edge of a Can

The results of the fuel assembly drop analysis using energy
balance methods are summarized in Table 7-1. From Table 7-1 it
can be seen that the maximum stress in the fuel storage cell
is greater than the dynamic yield stress for stainless steel,
thus indicating that the frel storage cell may undergo some
Jocal permanent deformation, however, the cell will not col-
lapse during such an accident event. From Table 7-1 it can
also be seen that the maximum shearing stress in the weld be-
tween the cell legs and the cell, and the maximum bearing stress
on the concrete floor under each leg exceed the allowable val-
ues, thus indicating that during the fuel drop accident event,
the weld between the legs and the cell may partially shear

of f and the concrete may crumble Tocally under each leg. The
external kinetic energy of the dropped fuel will be absorbed

in the local deformation of the flare at the top of the fuel
storage cell, in the partial shearing of the cell Teg weld,




in the Tocal crumbling of the concrete, and in the m1nor de—
formation of the liner plate under each leg.

For conservatism, it has also assumed that the cell Jeg welds-
shear completely in order to assess the effects of a free fall
of the dropped assembly and the storage cell from a height of
5.00 inches above the liner plate. This condition was analyzed
using empirical missile equations (the Ballistic Research and
Stanford Research Institute Formulae). The results of the

" analysis indicates that the maximum thickness of steel plate
that could be perforated by such a missile is 0.070 inches which
is far Tess than the 0.25 inch thickness of the Tiner plate.

It has, therefore, been concluded that neither the initial im-
pact of the dropped fuel assembly on a storage cell nor the
unlikely subsequent free fall of-the fuel cell will damage the
pool floor Tiner suff1c1ent1y to affect its Teak-tight inte-

grity.
Case (b) Inclined Drop Maximumizing the Kinetic Energy

The maximum kinetic energy of the fuel assembly for an inclined
drop is in the order of 156.6 in.k. Assuming this kinetic
energy and that the entire fuel assembly falls on the minimum
number of storage cells (8 storage cells if the assembly falls
on the diagonal). The maximum kinetic energy that will be
asborbed by the individual can will be in the order of 32.9

in.-kips. This value is Tower than the kinetic energy of 34.8
dn,-king for the vertical dwnn of fuel aggpmh1v (racﬂ a). There-~

AL LA A

Tore, the ICDUILIHB LonbcqueuCED 67 c<ie nc |ncd drop O% fuel
assembly would be less severe than that of the vertical drop
(Case a).

Case (c) Straight Drop Through a Storage Can and Impacting
: on the Liner

If a fuel assembly were to drop straight through a storage can,
it would not impact on the fuel pool Tiner but would impact on
‘the bottom of the storage can. The case of a fuel assembly
-.dropped directly on the pool floor is discussed in Section 14.4

- .of the Surry 1 and 2 FSAR. The consequences of a straight drop

. through a storage can would be less severe than those of a free
- fall of a fuel assembly directly to the pool f]oor for the fol-
lowing reasons.

1. The total frontal .impact area of the four 1.5" x 1.5"
~ Tegs at the corner of each storage cell is greater
(9.0 square inches) than the impact area of the fuel
assembly (6.0 square inches).

2. Due to the relatively small clearances between the
fuel assembly and the storage cell, the drag re-
sistance will be Targer for a drop through the stor-
age cell than for the free fall of fuel assembly
directly to the pool floor.
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TABLE 7-1 |
RESULTS OF ACCIDENTAL FUEL ASSEMBLY DROP (LOAD CASE 5)

 ALLOWABLE
"~ VALUE
Weight of Fuel Assembly, kip ) 1.45
Maximum Drop Height, in ' 24.0
Kinetic Energy of Drop to be 34.8
Absorbed, in-kip
Maximum Strain in Storage Cell in/in 0.00227 0.485
Ductility Ratio 1.135
Maximum Cell Deformation, in 0.372
Maximum Stress in Cell (ksi) 44.61 4.4
Maximum Transmitted Reaction Load 36.25 19.22
per Leg, kip-
Maximum Stress in the Weld Between 102.53 19.2
the Leg and the Cell (ksi) .
Maximum Local Bearing Stress on 5.04 3.57°
Concrete Floor *under each Teg) ksi
Maximum Free-Fall Impact Velocity : 5.178
of Cell on Liner Plate (after Leg
Weld is sheared) ft/sec
Maximum unsupported Plate Thickness
That May be Perforated by Missile
Free Fall Velocity, in :
BRL Formula 0.070 0.25
Stanford Research Institute 0.070 0.25
Formula
1.  The allowable stress value represents dynamic stress for stainiess

steel.
5 Allowable stress in the weld = 1.6x0.4 f, = 1.6x.4x30 = 19.2 ksi
3. Based on Paragraph 10.14 of ACI of ACI 318-71. There will be local

crumbling of concrete under each leg but the steel liner will not
be perforated. :




Question 8:

Response:

Provide a description of the dynamic model of the rack, fuel
pool system clearly showing the boundary conditions. Also
indicate the damping values used in your analysis. Since the
proposed rack system is inherently weak in torsion discuss
what considerations were given to obtain the highest torsional
effects due to possible non-uniform mass distribution.

For the dynamic analysis, the fuel storage rack structure has
been mathematically modeled as a three dimensional finite
element structure consisting of discrete three dimensional
elastic beam and plate elements interconnected at a finite
number of model points as shown in Figures 8.1 through 8.4.
Figures 8.5 and 8.6 show the model boundary conditions and
the Tumped mass distribution used in the seismic analysis of
the fully loaded and partially loaded fuel storage racks res-

- pectively. The damping values used in the seismic analysis of

the high density fuel storage racks are four percent for the
Operating Basis Earthquake (OBE) and six percent for the Safe
Shutdown Earthquake (SSE). The NRC Regulatory Guide 1.67 per-
mits damping values of two percent for OBE and four percent for
SSE for welded steel structures functioning in air. These
damping values are increased by two percent since the fuel
storage racks are welded stainless steel structures completely
submerged in water. This two percent 1ncyease in damping value

A ~nhrmavaa s

A | AN | C~ n 1 o D,
ful SQudiicrdcu bl.lut,&.ulr‘s 1\ 0asSen 0N HeaEd | lllll () (23 (ll rindainen-

-tals of tartnquake an1neer1nq by N. M. Newmark and

E. Rosenblueth.

The fuel storage rack (six by six array of fuel storage cells)
consists of upper and Tower grid structures connected to each
other by means of four corner cells and the diagonal bracing
members. The fuel storage rack thus structura]1y becomes
equ1va1enL to a box shaped structure which is inherently strong
in torsion. The torsional effects due to possible non-uniform
mass distribution are considered in the analysis by analyzing

the partially 1oaded rack. (Figure 8-6).
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RACK FINITE ELEMENT MODEL CROSS BRACING

FIGURE 8-4
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LOAD CASES 2 AND 3
SEISMIC ANALYSJS OF PARTIALLY LOADED RACK
S FIGURE 8-6
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Question 9:

Response:

Question 10:

Response:

On page 31 in the first paragraph it is stated that the equi-
valent load due to fuel bundle 1mpact against the can com-
bined with the seismic loading is equivalent to 1.4 times the
seismic inertia load combined from the seismic analysis of
the rack system in which the fuel bundle mass is Tumped with-

‘the rack mass along with the appropriate mass of water. Clearly

state whether or not the equivalent loading was considered for
overall effects such as total base shear or loading on the

- bracing system.

The equivalent loading (1.4 times the seismic inertia loads
to account for fuel assembly impact effects) was considered
for local effects as well as overall effects on the structu-
ral members of the rack, the rack/f]oor pad connection plates,
and .the floor pads.

dn page 32 in the first paragraph, provide a summary of your
analyses indicating such parameters as kinetic energy at im-
pact (refer to the three cases indicated in Q7), ductility

~ratios utilized in each material behavior mode to absorb the

kinetic energy, predicted penetration of the pool liner.

The results of the accidental straight drop of a fuel assembly
(Case (a) of NRC Question 7) are summarized in Table 7-1. The
consequences of the inclined drop of a fuel assembly (Case (b)
of NRC Question 7) are less severe than those for Case (a).
The results of the straight drop of a fuel assembly through

‘the storage cell (Case c) are less severe than that for the

free fall of fuel assembly anywhere in the storage pool.



, Question 11:

Response:

On page 38 in Section 7.1 provide a summary of stresses of
the supporting pool structure indicating the load combina-
tions and the corresponding acceptance criteria. Indicate
whether or not the maximum temperature or the thermal gradient
in the pool walls and the base slab as originally designed are

. exceeded as result of this proposed expansion.

"A summary of stresses of the supporting pool structure is pro-

vided in Table 11-1. The points given are in the regions

~ where the maximum stresses occur as shown in Figure 11-1.

The following Toad combination were considered:
1. Hydrostatic + Dead Load + Live Load
Hydrostatic + Dead Load + Live Load + OBE

Hydrostatic + Dead Load + Live Load + SSE

B~ W ™

Hydrostatic + Dead Load + Live Load + High Density
Racks

The allowable stresses are based on the minimum sampled coupon
strength of 43,600 psi and the acceptance criteria stated in
ACI 318 63. It should be noted that with the new high dens1ty

N deln A
spent Tuel storage racks, the mat Teadings are lTower than those

originally calculated. This is due to the ditferent anaiytical

‘model used. For the high density spent fuel storage rack load-

ings, the model accounted for the detailed Tocation of both the
pilings and the fuel rack embedments in the mat. This resulted

~in a significant portion of the Toad due to spent fuel to be

transmitted to the pilings without inducing mat bending. In

- the analysis for the original loading the rack loads were spread
uniformly over the mat, and the pilings were lumped at discrete

locations which were further apart than the actual pile spacing.
The method used to calculate the mat Toadings from the new high
density spent fuel storage racks represents the as built condi-
tions at Surry.

As given in Section 7.2 of the Surry 1 and 2 High Density Spent

" Fuel Storage Rack Submittal, the spent fuel pool temperature

will be maintained at or below the original Timits of 140°F
(normal case) and 170°F (abnormal case). Therefore, the maxi-

~ mum temperature or the thermal gradient in the pool walls and
“the base slab as originally designed wj]] not be exceeded.




TABLE 11-1

SUMMARY OF STRESSES (Ksi)

Location Hydrostatic + Hydrostatic + Hydrostatic + Hydrostatic +

Dead + Live Dead + Live + OBE Dead + Live + SSE Dead + High
\ : Density Racks
4A 21.4 27.8 34.1 ———-
4B 21.4 26.7 32.0 -——--
4c 20.7 25.1 29.5 -
4E 18.1 23.6 29.1 ———-
3A 20.9 27.1 ' 33.3 : 17.7
3B 19.8 24.8 - 29.8 14.9
3D 19.8 25.2 30.7 17.5
3E 21.4 27.8 : 34.1 20.9
2A 19.0 ———- -—-- -—
2E 21.7 -——- -—-- _ 20.9
Allowable fs 4/3 f 0.9 f, - fs
Stress 21.8 29.0 39.0 21.8
Allowable stress based on minimum coupon strength sample.
fy = 43.6 ksi fo = 0.5 fy
Note: Columns 1, 2, and 3 are the original Toads in the fuel building struc-

ture and co1umn 4 shows the change w1th the addition of the high density
spent fuel racks.
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