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SPENT FUEL POOL GATE DROP ON WESTINGHOUSE HIGH DENSITY RACKS

guidelines.

than 2 cell walls in a Region I.

the gate extending up the sides at 3% inches from each edge.
plate will also transfer energy into the
rack and reduce the penetration depth.

3-5°
(Ref. 19) ‘
v "
\nc 3%

«
s

T

Gate Bottom Detail L

The following pages (Sheets 2928 through 292N) evaluate the drop of the
spent fuel pool gate on a Westinghouse high density spent fuel rack. This
calculation minimizes conservatisms used in the westinghouse analysis and
takes into account the gate and rack geometry as well as buoyancy to
determine the depth of rack penetration. This analysis also considers the
effects of rigging and the load blocks in accordance with NUREG-0612

The drop of the gate was previously evaluated in Section 3.2.4.4 of

Reference 18. This analysis supersedes the Westinghouse evaluation. There
are two types of racks, Region I and 11. The gate drop on a Region Il rack
will govern since there is a single cell wall between each assembly rather

The Westinghouse analysis considered the shape of the gate to be a 3/4"
thick plate, 41 inches wide. The actual gate has a 3/4 by 4 inch stiffener
plate perpendicular to the 3/4 inch plate at 5 inches from the bottom of

The stiffener

Spent Fuel
Pool Gate

SCE 26-426 NEW 4/50
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The gate drop height is limited to 30" per Technical Specification 3/4-9.7.
This height is necessary to clear the bottom of the gate through the
opening into the cask pool and maintain a 10" maximum clearance with a 1/2
inch margin.

This analysis conservatively considers that the spent fuel pool water
eievation is at its lowest allowed height. As the gate strikes the rack,
the rack deforms. The max height of any fuel is 13.2 inches below the top
of the rack (Ref. 18). The depth of penetration into the rack will
determine if any fuel assemblies could be potentially damaged. For
purposes of this calculation, any contact of the gate with a fuel assembly
will result in that assembly being considered as damaged.

The rack will absorb all impact energy by deforming the rack. The eiastic
strain energy is negligible compared to the plastic strain energy. Since
the bulk of the gate is a 3/4 inch thick plate, as compared to the cell
wall thickness of 0.11%, there will be minimal energy absurption by the
gate.

GATE HANDLING METHODS (Ref. 23)

There is a gate at each end of the pool to consider. The transfer pool
gate is handled by the new fuel crane without any special provisions. The
cask pool gate is handled using the cask crane and requires special
rigging. The cask crane will not travel far enough to allow centering of
either hook over the gate. An offset pull is required using slings and
come-alongs attached to the Spent Fuel Handling Machine (SFHM) rails or the
SFHM bridge.

The come-alongs are supported by either the SFHM or rails with long slings
to the gate. The come-alongs do not support any vertical weight of the
gate. The come-along weight would not be seen by the gate during an impact
due to the sling lengths being much longer than the drop height and each
weighing less than 50 pounds.
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GATE RIGGING OFF-SET PULL
AND REMOVAL SEQUENCE

1/2 TON COME-ALONGS —

o S RS

APPROX. 15' SLINGS

/ \ -~ SPENT FUEL POOL

/
AFE LOAD PATH BOUNDARY

e

CASK POOL

SEE—

The cask crane load block for the main and auxiliary hoists cannot travel
over the spent fuel pool. I1f the supporting wire rope broke, the hook and
lower block would fall straight down into the cask pool. As the hook
falls, the rigging goes slack and the hook will continue to fall straight
down into the cask pool never reaching the spent fuel pool.

The main hook and load block dimensions are physically larger in all

dimensions to the canal opening width. As such, the cask crane main hook

and load block need not be included in the drop weight. However, the

-4 auxiliary hoist load block should be included because it could fit through
the canal opening and be pulled toward the pool. The aux. hoist is a 10

ton electric wire rope type by Wrignt Hoists. The hook and load block

weight is approximately 265 pounds per manufacturer's catalog data (Ref.

24).
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by the gate drop analysis for the pool liner plate.

block shall be included as part of the dropped weight.

weight for the cask crane auxiliary hoist.

CASE 1: Straight Drop
The worst case drop configuration

middie of 4 cell walls. All
other potential drop scenarios

GATE
results in the gate striking the N

X X X X
D ‘__'___, - DD (Ref. 20)
[]

Ol 0 o0
0 H 0 g

i

If the gate were to drop while haifway between the pools, it will land on
the floor of the opening which is abave the rack. This scenario is bounded

The 5 ton new fuel handling crane can pass directly over the spent fuel
pool to remove the transfer pool gate. fFor this case, the rigging and load

The cask crane auxiliary hoist load block governs by inspection since the
hoist has twice the capacity of the new fuel crane. Therefore, con’ider
the drop of the gate on a Region Il rack with the rigging and load block

strike more cell wall length such
that there is a greater resisting 91
force.
2wz
8.85" CTC SPACING GATE
;-—7 Typ. Fuel Assemblies S
: T
[ x X% O 0 s

After the gate penetrates 5 inches, the
side stiffener plate will strike the
rack. Since the gate bottom is only
3/4* thick, the initial failure mode
L=410 expected is a local *knife edge” cut
into the cell wall as shown.

v

———

R



NES&L DEPARTMENT ICCN NO J

CALCULATION SHEET o | s it 18

CON COMVERSION
Project or DCP/MMP _SONGS 2 & 3 Calc No. C-259-1.01.11 cen w0, CON - aL ]

Subject _&MLSMLMMMMH Racks . SheetNo. _ 292 ~

REY URIGIRATOR DATE IRE DATE REV ORGINATOR DATE IRE DATE ]

Whe w, souaren szl v ci. siascue |4 <

DETERMINE DROP WEIGHT

The drop weight of the gate shall

includedthe rigging and load block as L)
required by NUREG-0612. Use the cask

crane auxiliary hoist hook weight. T
Rigging weights are based on published (/) s 10K (MIN.) LOAD MONTOR
manufacturer data for typical

components for the configuration shown |

@uamm CRANE HOOK

in the gate removal procedure: e 10K (MIN.) CHAINFALL
(Ref. 23) e 10K (MIN.) SHACKLE
Weights e 10K (MIN) SUNGS
v (3FT. MIN)
10T Hook & Block = 265 1bs
Load Cell = 50 1bs. L V..
3 Slingsl- 30 1bs.
Chainfall = 100 1bs.
3 Shackles = 20 1bs. s ‘
Total = 465 1bs. ‘
L L

SCE 26-426 NEW 4/%0
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Gate Weight:

The gate i< made from stainless s
components are summarized below

_—
teel

plates with

1TEM SIZE

SS Plate

SS Plate

SS Plate /4

SS Plate 7/8 x

SS Clip Plates 3/16 x 2"

Rubber Seals 3/16Y » 3" «x

58

-H"

11

Misc. Items Bolts/Guide Ro

ers

Riqging

TOTAL

Total Gate Wt = 4.65 Kips

Buoyant Gate Weight:

Consider the minimum allowable
weight,
Low water elevation H, =

elevation

i
p i

Bottom elevation of gate before drop

Top of gate is: Gate Length

Gate is approximately the postul

NOTE: Gate will not be totally submerged at the time

SCE 20429 NEW 40
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For the drop, take 3/4 of the gate as submerged. The gate
lighter from buoyant forces as it drops. For conservatism,
will be taken as a constant weight and the rubber seal

will be neglected.

Max. Normal Pool Operating Temperature
Use density, p = 61.4 pcf

\

Buoyant weight (P,)

P, = 4650 - 355 = 4295 Ibs.

DETERMINE DEPTH OF PENETRATION:

From Reference 18, the depth of penetration
conservatively assuming that perfect plasti

the shear stress in the cell wall reaches 57
strength. The stainless steel material yi

27,500 psi which includes temperature varia
assumes shear behavior dominates. Since the

plate material, formed into square welded

to each adjacent cell, there is very little chance
would buckle under load. Therefore, a shear behavic
fFor a uniformly distributed load, P, acro

maximum shear stress 15:

f,=0.318 P/ (¢

where: .
Toad on cel) wal
wall thickness
of dist. load

SCE 2428 NEV/ 490
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The load, P, per inch depth, to

057F ! w
P 3 et

0.318
P, = 4067 lbs.

The 3/4 inch plate has already penetrate
peretrate 5 inches below the 4" reinforci
reinforcing plate hits the top of the cel

damaged from the initial impact (rom the v

area will make approximately a 20 to 30 deg

the vertical plate as it penetrates the wa

of the wall remains available for further energ)
angle of 30° from the bottom of the vertical angle.

RACK
CELL WALL
M e

Use Plate Width = 1

The load, P, per in
plate: where w

0.57 F t w
R
0.318

P =

P. = 9489 lbs.
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The 3/4" plate alone wil! hit for the first 5 inches of penetratior hen the
reinforcing plate hits to a depth of (d - 5) inches. The impact enerqgy must
equal the resisting energy. The depth of penetration is also included as part
of the impact energy to account for the additional energy to its final resting
depth. This is conservative since the velocity is decrearing once the qate
hits the rack.
Impact Energy - Energy absorbed
P, x ht(in) 4 walls «x P, (S in) + P, (d-5)
4295 Ibs x (20 +d ) in =4 x| 4067 lbs x5 in » 9489 lbs x(d - 5
d =7.0in. < 13.2 in
4/’
//
,,/-'/ \
A\
In this case, the gate could \! \  Max impact Ange
potentially damage 5 rack . \\ =7degreee
celis. None of the fuel \ o
assemblies would be directly et | [ T 1 17—
hit by the gate. Penetstion
Consider a rigging failure that
The worst case energy impact oc y
over the gate bottom corner. |f '
only a portion of the dropped weig :
A 45 degree impact is not likely y top
would have to travel nearly 9 times further than the drop height The
postulated rigging failure is the breakage of a sling "

SCE 26.42¢ NEW 490
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Two 1ifting points are used on top of the gate per procedures 1f a
lower sling breaks, the center of gravity would be directly below the
remaining Iift point. [f the gate dropped after the second 1ift point
" . \
failed, the gate would land at a slight angle on the rack. Since the
center of gravity is over the corner the gate could tnen fall on its
tdge towarc the center of the pool after the initial impact. EBecause
the center of gravity is so high, the effects of this secondary
collision must also be evaluated. Case 2 evaluates the angled corner
drop and Case 3 evaluates the secondary impact
CASE 2: Angled Drop
MAXIMUM IMPACT ANGLE:
9 = arctan (41"/343.5")
6.8 deqgrees
Say 7 degrees
The net absorbed energy remains a near function of the depth And tre
depth of penetration at the gate physical center wi remain
approximaiely the samc. That is the depth of penetration increases t
g' 7.0 + 4] tan hes « 2 1nches L
There is additional conservatism from ure that occurs wit!
the gate already at 30" above the rach any additiona
elongation in the rigging, the drop he te
ht 30 - (41" x sin nche
HENCE, NO FUEL 1S IMPACTED BY E GATE

SCE 26426 NEW 490
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Secondary
As the gate strikes
corner, there is a
the center of the sy
difference between t
that on i1ts side

Drop height

The Resistive forc
that the reinforch
instead of 5 .nche

As the gate rota
censervatism, |
angled drop in (
deeper into

Hence, | fuel assemb]
impact. The cell wal
cente ed within the cell
to occur between any
damagec.
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