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-1.0- INTRODUCTION ,

. _ _
,

| The La Salle County Station (LSCS) installation consists of two

| Boiling Water Reactors (3323 MWt thermal output, 1130 MWe) supplied
| by the General Electric Company of San Jose, Ca3tfornia. This

| licensing application deals with the propoced capacity expension
| in the Unit 1 spent fuel pool at La Salle County Station site. Tne'

| LSCS Unit i reactor features a core consisting of 764 fuel

| assemblies. The plant is located at a distance of approximately

| 15 miles southwest of the town of Morris, Illinois. The site is
~

| owned and operated by the Commonwealth Edi',on Company, henceforth

| also referred to as che owner or Licensee.

| LSCS Unit 1 began commercial operation in 1983. Its spent fuel pool
is of 408" x 480" (nominal) pl'anform section with tne spheroidal
drywell wall constituting the southend wall. The pool is presently

equipped with 1080 storage cells in a low density layout.

This licensing application is for reracking the LSCS Unit 1 pool

with new maximum density racks. As described in Section 2 of this

report, the reracking is proposed to be carried out in 1993 in one

campaign.
~

The new spent fuel storage racks are free-standing and self

supporting. The principal construction materials for the new racks

are ASME 240-Type 304 stainless steel sheet and plate stock, and

SA564 (precipitation hardened stainless steel) for the adjustable

support spindles. The only non-stainless material utilized in the

rack is the neutron absorber material which is a boron carbide

aluminum cermet manufactured under a U.S. patent and sold under the

brand -name Boral* by AAR Brooks and Perkins, Livonia, Michigan.

..
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The-new racks are designed and analyzed in_accordance with Section
III, Division 1, Subsection NF of the ASME Boiler, and press.ure
Vessel Code. The material procurement and fabrication of the rack

modules conforms to 10CFR 50 Appendix B requirements.

The present and anticipated refueling schedule for the LSCS Unit

1 pool contemplates a normal batch size of 256 assemblies
discharged at 18 month cycles.

The proposed reracking campaign (es.1993) will increase the number

of storage locations to 4029 (including control rod storage

locations), which will provide over 18 years of refueling

discharges while maintaining the full core discharge capability.

This Licensing Report documents the design and analyses performed
by the Contractors, Holtec International of Cherry Hill, New

Jersey, and Sargent & Lundy Engineers of Chicago, Illinois, to

demonstrate that the new spent fuel racks satisfy all governing

requirements of the applicable codes and standards, in particular,

"OT Position for Review and Acceptance of Spent Fuel Storage and

Handling Applications", USNRC (1978) and 1979 Addendum thereto.

The safety assessment of the proposed rack modules involved

demonstration of its hydrothermal, criticality and structural

adequacy. Hydrothermal adequacy requires that fuel cladding will

not fail due to excessive thermal stress, and that the steady state

pool bulk temperature will raamin within the limits prescribed for

j the spent fuel pool. Demonstration of structural adequacy primarily
| involves analyses showing that, under the postulated seismic

| events, the primary stresses in the module structure will remain

below the ASME Code allowables. The structural qualification also

includes analytical demonstration that the subcriticality of the

-
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stored fuel will be maintained under accident scenarios such as
~

fuel assembly d. rop, accidental misplacement of fuel outside a rack,
etc.

The criticality safety analysis presented in Section 4 of this

report shows that the neutron multiplication f actor for the stored

fuel array is bounded by the USNRC limit of 0.95 under assumptions
of 95% probability and 95% confidence. Consequences of the

inadvertent placement of a fuel assently are also evaluated as part
of-the criticality analysis. The criticality analysis also sets

the requirements on the length of the B-10 screen and the areal B-

10 density.

The thermal-hydraulic, criticality, seismic and mechanical accident

analyses were performed by Holtec International using itu computer
codes which have been used in numerous rarackins, applications.
Likewise, radiological and pool structural eva uations were
performed by Sargent & Lundy Engineers using methods and procedures
which have been applied in several dockets.

This Licensing Report contains documentation of the analyses
performed to demonstrate the large margins of safety with respect
to all USNRC specified criteria.

The analyses presented herein clearly demonstrate that the rack

module arrays possess wide margins of safety from all three -

thermal-hydraulic, criticality, and structural - vantage points.
'

The No Significant Hazard Consideration evaluation presented along
with this licensing report is based on the descriptions and

analyses rinopsized in the subsequent sections of this report.

This document has been prepared for submission to the U.S. Nue" *ar

Regulatory Commission for securing regulatory approval Or Lne

modification of the LSCS-1 pool as proposed herein.
._

m
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2 . 0- MODULE LAYOUT AND RERACKING OPERATION

2.1 Module Layout
.

.

This section provides general information on the new storage

modules for the La Salle County Station Unit 1 spent fuel pool. The

information presented in this and the next section provide the

basis for the detailed criticality, thermal-hydraulic and seinmic
, ,

analyses presented in the subsequent sections of this report.

The La Salle County Station Unit 1 high density spent fuel storage
racks consist of individual cells with 6.05" (nom.) inside square

dimension, each of which accommodates a single Boiling Water
Reactor (BWR) fuel assembly. The fuel as sembly can be stored in

the storage locations in channelled or unchannelled configuration.
Table 2.1.1 gives the essential storage cell design data.

As mentioned in the preceding section, the reracking of the La

Salle County Station Unit 1 pool is expected to begin in March,

| 1993 for scheduled completion in late 1993.

The rack modules proposed to be emplaced in the pool are in twenty-
one discrete modules, denoted as Modules A, B, C, D, F, K, L, M,

N, P, Q, R, S and T, respectively. Table 2.1.2 gives the rack

module data.

As indicated in Table 2.1.2, the proposed rerack will provide 4029
starace locations in the spent fuel pool, including 4 for storing

j control rod guide tubes / defective fuel containers, and 43 cells for

|: control rods and other miscellaneous items. Figure 2.1.1 shove the
| module layout.for the enhanced storage. The module prismatic

nominal dimensions and weights are presented in Table 2.1.3.

!

|
-

-
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The new modules for the La Salle-County Station Unit i fuel pool
~

are qualified as quasi-impacting freestanding racks, i.e., each
module is freestanding and is shown to undergo minimal kinematic

-| displacements during the postulated seismic events. Thus, rack-

| to-rack impacts are limited to the baseplate region or to the top
| of the racks. Impact between the racks in the cellular region

| containing active fuel is not permissible.

The-rack module support legs are of remotely adjustable type.

Figure 2.1.2 shows a typical new rack module for the La Salle

County Station Unit 1 fuel pool.

2.2 Heavy Load Consideration for the Proposed Rerackina Operatign

The existing LSCS-1 racks are of the low density unpoisoned type

|-which are anchored to the pool floor and laterally supported from

| the walls. At the start of the raracking operation, all nuclear
~

fuel stored in the Unit 1 pool will be transferred over to the Unit

2 pool (which commuricates with the Unit 1 pool through a transfer

canal). Thus, there will be no active fission products source in

the Unit 1 spent fuel pool during the rack change-out operation.

Ceco has developed a " defense-in-depth" approach to execute the

LSCS-1 reracking which places a strong emphasis on equipment-

-| redundancy,-personnel training and proceduralized execution.

A remotely engagable lift rig, meeting NUREG-0612 stresa criteria,

will be used to lift the empty modules. The rig designed _ f or

nandling t7e La Salle racks is identical in its physical attributes

to-the rigs utilized to rcrack Millstone Point Unit One (1988),

Vogtle Unit Two (1989), Indian Point Unit Two (1990), Ulchin Unit

Two (1990), Hope Creek (1990), Lagune Verde-Unit One (1990), and

Xuosheng (1991). The rig consists of independently loaded lift

rods with a " cam type" lift configuration which ~ ensures that

:. failure of one traction rod will not result in uncontrolled
|

| 2-2
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lowering of the load'being-carried by the rig (which complies with
the duality feature called for in Section 5.1.6(1) of NUREG 0612).
The rig has the following additional attributes:

a. The stresses in the lift rods are se?.f limiting inasmuch
as an increase in the magnitude of the loaa reduces the
eccentricity between the upward force and downward
reaction (moment arm). *

,

b. It is impossible for a traction rod to lose its
engagement with the rig in locked position. Moreover, thec
locked configuration can be directly verified f rom above
the pool water without the aid of an underwater camera.

c. The stress analysis of the rig is carried out using a
finite element code, and the primary stress limits
postulated in ANSI 14.6 (1978) are shown to be met.

d. The rig is load tested with 150% of the maximum weight,

to be lifted. The test weight is maintained in the air
for one hour. All critical we16 joints are liquid

4' penetrant examined, after the load test, to establish the
coundness of all critical joints.

The La Salle Reactor Building crane will be used for the reracking
operation. The installation procedures call for all modules to be

empty while being handled.

The Reactor Building crane is a single-trolley top-running electric
_

overhead travelling bridga crane with a 125-ton capacity main

e hoist, a 10-ton capacity auxiliary hoist and a span of 124 feet 8

inches. The crane was tested to 125% of rated capacity (156.25

j tons for the main hoist and 12.5 tono for the auxiliary hoist). A
| single failure proof 15 ton auxiliary hoist will be used to avoid

| innersion of the main crane hook in the pool water.

Pursuant to the defense-in-depth approach of NUREG-0612, the

following additional measures of safety will be undertaken for the

reracking operation.

(i) The crane and hoist will be given a preventive
' maintenance checkup and inspection- prior to,

| reracking and in accordance with station procedures.

2-3
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| (ii) Safe load, paths have been developed for moving the
old and new racks in the Reactor Building. The "old".

or "new" racks will not be carried over any region
of the pool containing fuel.

| (iii) The rack upanding or laying down will be carried out
in an area which is not overlapping to any safety
related component.

| (iv) Crew members involved in the rigging of AH heavy

| loads associated with the La Salle rarack project

| shall be trained in proper rigging techniques as

| well as safe travel path requirements for the loads.

| Lifting and upending of the new racks will be done

| in accordance with the manufacturer's design

| requirements to prevent potential damage during

| handling. All training of personnel shall be
j documented.

| (v) All heavy loads will be lifted in such a manner that
the center of the lift points is aligned with the
center of the load being lifted.

| (vi) Turnbuckles are utilized to " fine tune" the
verticality of the rack being lifted.

In addition to the cbove design, testing and Operation measures,

Ceco has also considered the consequences of a postulated rack drop

on the integrity of the pool structure. The following analyses
m

were performed:

a. The heaviest *e.ch module (out of all existing and new
racks) was postulated to free fall from the top of the
water surface level to the pool floor.

,

b. The fall of a rack is assumed to occur in its normal
vertical configuration which minimizes 'the retarding
effect of water drag.

c. The ' f alling rack is assurned to impact the pool slab
undergoing an elastic / plastic impact.

d. The maximum impact load is compared with the gross
seistkic slab impact load during t% GaE event (presented

- in Section 6 of this report).

.-

em
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Ana-lyses show that the maximum load due to the rack drop event is
well below the cumulative impact load produced during the seismic
event. Thus, the pool structure integrity analyses performed in j

'

support of this submittal and documented in section 8 of this

report bound the rack drop scenario. i

The "old" racks will be "hydrolased" while underwater in the pool,

and approved for shipping per the requirements of 10 CFR71 and 49
| CFR 171-178 before being brought to the Reactor Duilding Trackway.

They will be housed in special shipping containers, and

transported to a processing f acility for volume reduction. Non-

decontaminatable portions of the racks will be handled 1.1

| accordance with 10CFR61.

All phases of the raracking activity will be conducted in

accordance with written procedures which will be reviewed and

approved by the Commonwealtt Ecison Company.

Our proposed compliance with the objectives of NUREG-0612 follows

the guidelines contained in section 5 of that document. The

guidelines of NUREG-0612 call for measures to " provide an adequate
defence-in-depth for handling of heavy loads near spent fuel...".

The NUREG-0612 guidelines cite four major causes of load handling

accidents, namely,

i. operator errors
11. rigging failure
lii. lack of adequate inspection
iv . . inadequate procedures

The La Salle rarack program ensures maximum emphasis to mitigate

the potential load drop accidents by implementing measures to

eliminate shortcomings in all aspects of the operation including

the four aforementioned areas. A summary of the measures

specifically plann2d to deal with the major causes. is provided

below. -

.
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Ooerator errgrg: As mentioned above, Ceco plans to provide
l comprehensive training to the installation crew for the rerack
| project.

Ricaine failure: The lif ting device designed for handling and
installation of the racks in the La Salle fuel pool has
redundancies in the lift legs, and lift eyes such that there are
four independent load paths. Failure of any one load bearing
member would not lead to uncontrolled lowering of the load. -The
rig complies with all provisions of ANSI 14.6 - 1978, including
compliance with the primary stress criteria, load testing at 150%
cf maximum lift load, and dye examination of critical velds.

The La Salle rig design is similar to the rigs used in the rerack
of numerous other plants, such as Hope Creek, Millstone Unit 1,
Indian Point Unit Two, Ulchin II, and Laguna Verde.

Lack of adecuate insoection: The designer of the racks will
develop a set of inspection paints which have proven to have
eliminated any incidence c.f rv . k or erroneous installation in
numerous prior rerack projects.

| Inadecuate crocedungn: Ceco plans pror:edures to cover the entire
gamut of operations pertaining to the rarack effort, such as
mobilization, rack handling, upending, lifting, installation,
verticality, alignment, dummy gage testing, site safety, and ALARA
compliance.

| The- series of procedures planned for the La Salle rcrack are the
successor of the procedures impledented successfully in other
projects in the rast.

In addition to the above, complete inspection of the fuele

| handling crane and relubrication of its moving parts in accordance
| vith station procedures before the start of reracking is-planned.
| Safe load paths have been developed as required by NUREG-0612.

Table 2.2.1 provides a synopsis of the requirements delineated in

NUREG-0612, and our intended compliance.

P

In summary, the measures implemented in La Salle reracking are

| similar _to those utilized in the most recent successful rerack
projects (such as Indian Point Unit 2, concluded in_O_ctober, 1990
and Hope Creek concluded in March, 1992).

2-6
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Table 2.1.1
,

'

DESIGN DATA FOR NEW RACKS

I.D. 6.05 inch (nom.)
(inside dimension)

Cell Nominal Pitch 6.264 inch

Boral Loading (min.) O.022 gm per sq.cm. (B-10)

Boral plate (nom.) width: 5 inch

Boral picture frame
(bounding) size 5.125" x 150-1/2"
Boral length: 150 inches

cell height: 167.75 inch

Baseplate thickness: 3/4 inch
*

Bottom plenum height: 6-3/4" (ncainal)
Number of supports per - ,

,

module: Four (miniinum)

Support Type: Remotely adjustable

Control rod cell I.D.: 9.82 inch (sqitare)

Control rod guide tube
or failed fuel container 11.5 inch (square)
cell I.D.:

..

=

m
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Table 2.1.2 .

MODULE DATA FOR RERACK!NG

liODULE NUMBER OF CPT.T.S
Total Total No.

N-S E-W cells of cells
Direc- Direc- Per for This

I.D. Oth tion tinD Rack Rack Tvos

A 1 17 15 255 255

B 4 14 15 210 840

C 1 17 13 221 221

D- 4 14 13 182 728

F 2 14 18 252 504

-K 1 9 18 162 162

L 1 17 18 242 242 (17x18-4x16)

M 1 17 15 231 231 (17x15-4x6)
.

N 1 12 15 201 201 (12x15+21)

P 1 12 15 192 192 (12x15+12)

Q 1 12 13 138 138 (9x13+21)

R 1 12 13 138 138 (9x13+21)

S 1 13 13 169 169

T 1 2 4 8 8

TOTAL: 21- 4029'--

.

*

Including 47 cells for failed fuel containers, control rods
and control rod guide tubes,

t
.

. ._

}.
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Table 2.1.-3 .

.

MODULE DIMENSIONS AND WEIGHT FOR NEW RACKS

DIMENSION (inches)* Shipping Weight
,

Module I.D. North-South East-West in Pounds
.

A 106.76 94.2 26800

B 87.92 94.2 22500

C 106.76 81.64 23200

D 87.92 81.64 20000

F 87.92 113.04 26500

M' 56.52 113.04 17800

L 106.76 113.04 25400

M 106.76 94.2 24300

N 105.6 94.2 ' 24200

P 105.6 94.2 23000

Q 75.36 81.64 15000

R 75.36 81.64 15000

S 81.64 81.64 17800

.T 23.25 43.15 2400

*

Nominal rectangular planform dimensions.

.

+
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Table 2.2.1

HEAVY LOAD HANDLING COMPLIANCE MATRIX (NUREG-0612)

criterion comn11ance

1. Are safe load paths defined for Yes
the movement of heavy loads to |
minimize the potential of impact,
if dropped on irradiated fuel?

2. Will procedures be developed to Yes
cover: identification of required
equipment, inspection and acceptance !

criteria required before movement
of load, steps and proper sequence
for handling the load, defining the
safe load paths, and special
precautions?

3. Will crane operators be trained Yes
and qualified?

4. Will special lifting devices meet Yes
the guidelines of ANSI 14.6-19787

5. Will non-custom lifting devices Yes
be installed and used in accordance '

with ANSI B30.9-1971?

6. Wil) tLe cranes be inspected and Yes
tested prior ta use in rerack?

7. Does the crane meet the intent of Yes
ANSI B30.2-1976 and CMMA-70?

.

I

s

,

@ W

s

2-10

-



f

Wh f 11
|

1_.1_,

m, . , . f. -a u if
,

s s u #-

dn,::
- y

w p, y
'

. ~

-4 8SW:Q;QN

{ptf6 1;
m.: qi.. t f

j,nimt,,' t'*z.. i.::4;1::}:.
,.r. . , >y a .f,,q t +14: *.. . p.. d

|

-_1e
r: . g ;b:.11:

. ,i; :,.
m

:t.t._
~-nu m ::; : :: a

4. t .c ::t mq.. f. .. ; , tJr:t~; :
,.3 ,

. } t_. 2
.- .

. .. ... .....J.,.. +t.
. . .. , ,

.... ..,

u.t i :
4, :. .. .

.

, .. : .t
: {.:u,:,: }r

.. r ,.

:'i * t :. l...tt+m!91. ..
.:| q

., . .

I:g. y+ f,::: t :1,:::q
%..: 1::' 1r .:.

tI_tT ff
L ,lt+. y 1t, , +.4.a. , . .

,.t, %

.. 4. -.. .j.. i,4pg
.,

. ...}y 4

. y ,t,m 4. |
4 ,.i. a +

..,
4, ,4,4... .,,.. ..l- .. I' ,. 4 ..,. .{.' ;. 4. . ;, h,44,41 ..4 44,.

. 4, .,A, s. u. ..
m

. . .. ,

.
r s1;. : : :.t: ; :t.,::d, t .:,. :

..

_:t- . ::; ..it:. Mt.
.

. ., , .. .1rtrM .;_ - .,-
:

.
,

Mikai.. 4,

cg. . u , .
. ..

g-
n.

-
a::;.t: . ;1:: ?1_a : .&{:."

::

p1[...;_ .1. r
L, . w, ::1 -

.,4, 7r _.y
a7

s .

: zo -

a e4 :1
m, M ...+ . ..w ....

:=
$v- - ' itttt qt t"'

'.,a *"''t. a ...

*Ps 4
...g. .

. . [. g . 4 m. .... . . .~_, n .. .- - _-"t * t '- "t<I,.ee tt+;+<+
< , , . .b 9 t- - t<- - et

. -
.

4. .. r m
r

9
, - - -. 9 . . -

.? 4''t- 't ett'- r- 't+tt
_

:f.fg'bf: Ml;}MN ,*hM 'b' If. ..

::j1; 'kf
. .

.h,f " :
' ''

:f,j - " g ;
u 4

',I biq;;.. .N..)" M $ ".:
M :: : m ertg . ,% e~e ,g

: : M,1 : : :
'~ M -

~MJ;4tj
, .,

tj ,::-;. . -

,
%;{ g '

. JM
;t::Mj: :.}

'

3 ; ,. .

:;Ig;-
s # .. .e#.

"",}
.

'

2 ~::::;,wdu :' w- ~

. h,
.._7: |'. _Ml|:

'

.r ..

'" ' .:;. 4
';.":.

.e -;j.
' ''I:

:t.. _ . . . .

7
.

4
, , .

;
.

e.

.
. .,.o ..

_:fI" . #d,t . . . . t h. 1I)if:1::sf i,p.f . :14 : f: :|:M;y ,dty. y. ,.L

' . .M
"'' ~.+." hj." .t. -4 .s.h -

. ,64- '.g,. 1,n s
, . ak .

. .

:::,iy.F,;.4j.. , ,p a
'' :t::

"-

::} :.M :t':a *t;:r: L
... :$,, <

.... .{.. otj
:-y :tio ,s - n.. .- . ..

"" :q
: ,

.. . m
..$... ,. m .

' Ut"-T.f-I"'.y
' '

f ;. ' <' - f .
'. .

34
.

3
.

t
g.
4;. - .4 .::. .,p:r : t,y'

. . ; ,.

h k 7D$! IIIk<MR f . q [[:ig & } ' "y ''

.- - hI i -

i 1- - -- 7
ny -

- - s9 oo

, . _ _ _ _ ._ _ mp ._ . . _ - - ..- __ _ . ~- .d

)

. _ _ - _ -



~

.

-
.

-
.

.

.

k

I! >

CAVITY ~ ,;,
'

k
>

TYPICAL CELL ' '

,,

p,'n
-

4

i|
'

( w, y { _ h>v 4 '.

Y fn. %

i
- s:

' -+> -
s -

/ ' /s.
.

% /

304S/S
CELL WALLS ,

_

, .

f% ADJUSTABLE
SUPPORT LEGS

PICTORIAL VIEW OF FUEL RACK MODULE

FIGURE 2.1.2

.-

0

2-12



, _ .___ _ -__ _ __ .____ -______ __ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -

4 .

-
. .-

3.0- RACK FABRICATION _AND APPLICABLE CODES

The purpose of this section is to provide a comprehensive resume I

of the concepts and features underlying the design of the racks for

the La Salle County Station Unit 1.

3.1 Desien obiective
,

The central objective governing the design of the new high density

storage racks for the La Salla County station Unit i fuel pool is

defined in the follesing six criteria:

(1) The rack module is fabricated in such a manner that there
is no veld splatter on the storage cell surfaces which

'

wou.td come in contact with the fuel assembly. Wald
sp' atter on the lateral surface of the storage cell,L
which can come in contact with fuel assemblins, can be
detrimental to its structural integrity.

(ii) The storage locations are depigned and constructed in
such a way that red'/ndant flow isaths for the coolant are
available in case the main designated flow path is
blocked.

(iii) The fabrication process based on the rack design involves
operational sequences which permit immediate and

/ convenient verification by the inspection staf f to ensure
that the " poison" panels are correctly installed.

(iv) The storage cells are connected to each other by
autogenously produced corner velds which leads to a
honeycomb lattice construction. The extent of welding
is selected to "detune" the racks from the ground motion
such that the rack displacements are minimized.

(v) The baseplate provides a conformal contact surface for
the " nose" of the fuel assembly.

(vi) The , module design affords ouilt-in flexibility in the
fabrication process so as to maintain the desired cell
pitch even if certain " boxes" are slightly oversize.

The foregoing objective is fully realized in the module design for

the La -Salle County Station Unit i racks as described in the

following. __

_
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3 . 2' Anatomy of the Rack Module
--

The new high density rack module design employs storage cell

locations with a single poison panel sandwiched between adjacent

austenitic steel surfaces.

A complete description of the rack geometry is best presented by ,

first introducing its constituent parts. The principal parts are

denoted ast (1) the storage box subassembly (2) the baseplate (3)

the neutron absorber material, (4) picture frame sheathing, and (5)

support legs.

Each part is briefly described below with the aid of sketches.

(1) Storage cell box subassembly: The so-called " boxes" are
fabricated from two precision formed channels by seam
welchng_ them together in a seam welding machine equipped
with copper chill bars, and pneumatic clamps to minimize
distortion due to welding heat input. Figure 3.2.1 shows
the " box".

The minimum weld penetration is 80% of the box metal gage i

which is 13 gage (0.09" thick). The boxes are
manufactured to 6.05" nominal I.D. (insido dimension) . .

I

A1 shown in Figure 3.2.1, each box has a minimum of two
lateral holes punched near its bottom edge to provide
auxiliary flow holes. In the next step,.c picture frame
sheathing is press formed in a precision die. The
sheathing is shown attached to the box in Figure 3.2.2.

The sheathing is made to an offset of Og89" to ensure ,

an unconstrained installation of Boral plates. The
" picture frame sheathing" is attachegto each side of the
box with the poison material (Boral ) installed in the
sheathing cavity. The top of the sheathing is connected
using a smooth continuous fillet veld near the top of the
box.' The edges of the sheathing and the box are Velded
together to form a smooth lead-in edge. The box with
integrally connected sheathing is referred to as the
" composite. box".

_

e b
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The " composite boxes" are arranged in a checkerboard-

array to form an assemblage of storage cell locations
i

(Figure 3.2.3). The inter-box welding and pitch !

adjustment is accomplished by small longitudinal .

austenitic stainless connectors shown as small circles )
in Figure 3.2.3.

An assemblage of box assamblies thus prepared is welded
edge to edge as shown in Figure 3.2.3 resulting in a
honeycomb structure with axial, flexural and torsional

,

rigidity depending on the extent of intercell welding
provided. Figure 3.2.3 shows that two edges of each
interior box are connected to tha contiguous boxes
resulting in a well defined path for " shear flow". j

(2) Baseplate: The baseplate, 3/4 inch thick, provides a
continuous horizontal surface for supporting the fuel
aspemblies. The baseplate has a concentric hole with a
45 , 1/4" deep chamfer in each cell location to provide
a conformal contact seating surface for the nose of the
fuel assembly.

The baseplate is attached to the cell assemblage by
fillet welds.

,

The baseplate projects beyond the cellular region of the
rack modules by 3/16" (nominal). These baseplate
projections serve as the designated impact locations for
the racks in the event that the modules undergo kinematic
movements during a seismic event.

(3) The neutron absorber materials foral" is used as the
neutron absorber material. Boral is manuf actured by AAR
Brooks and Perkins of Livonia, Michigan. More on this
material follows in the next section.

,

(4) Picture Frame Sheathing: The sheathing is a part of the
" composite box assembly" described earlier. The sheathing
serves as the locater and retainer of the poison
material. As such, it is made in repeatable precise
dimensions. This .is accomplished by press-forming
stainless sheet stock in a specially high tolerance die.

Figure 3.2.4 shows three storage cells in elevation with
the fuel assembly shown in phantom in one cell. The
poison screen extends over 150" vertical distance,
straddling the active fuel length of all fuel assemblies
to be used 'n the La Salle County Station Unit 1
reactors.

_

$
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-! Support Legs: As stated earlier, all support legs are,

the adjustable type (Figure 3.2.5). The top (female)
;

position is made of auster itic steel material. The ,*

bottom part is made of 1784 Ph series stainless steel tor

avoid galling. |
;

The support leg is equipped with a socket to enable
.

remote leveling of the rack after its placement in the
pool.

| The fabrication details for the La Salle rack modules are similar
| to those of other recently raracked BWR pools such as J.A.

| FitzPatrick and Kuosheng Unita 1 and 2.

3.3 Materials of ConstructioD

The principal material of construction utilized in the f abrication
of the La Salle County Station Unit I high density racks is

austenitic stainless steel (ASME 240 and 479-304). One notable

exenption is the support spindle material which is made out of a
special high strength (precipitation hardened) stainless steel

(A564-630). ,

In addition to the structural and non-structural stainless

material, the racks employ Boral*, a patented product of AAR

Brooks and Perkins, as the neutron absorber material. A brief !

description of Boral" and a list of fuel pools in which it is used
follows.

Boral* is a thermal neutron poison material composed of boron

carbide and 1100 alloy aluminum. Boron carbide is a compound having
a high boron content in a physically stable and chemically inert
form. The 1100 alloy aluminum is a light-weight metal with high

strani th which is protected from corrosion by a highlytensile J

resistant oxide film. The two materials, boron carbide and

aluminum, are chemically compatible and ideally suited for long-
term use in the radiation, thermal and chemical environment of the
spent fuel pool. ,

.

I
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Bora-1's use in the spent fuel poola as a preferred neutron
_ ,

absorbing material can be attributed to the foJ1owing reasons: '

(i) The enntent and placement of boron carbido provides
a very high removal cross section for thermal
neutrons.

(ii) Boron carbide,. in the form of fine particles, is
homogenouslyfispersed throughout the central layer
of the Boral panels.

,

(iii) The boron carbide and aluminum materials in Boral"
are not detrimentally af f acted by long-term exposure
to gamma radiation.

(iv) The neutron absorbing central layer of Boral* is
clad with permanently bonded surfaces of aluminum.

(v) Boral" is stable, strong, durabic, and corrosion
resistant.

Boral* is manuf actured under the control and surveillance of a
Quality Assurance / Quality Control Program that conforms to the

requirements of 10 CFR 50 Appendix B, " Quality Assurance criteria

for fluelear Power Plants".

As indicated in Table 3.3.1, Boral* has been licensed by the USNRC
for use in numerous BWR and PWR spent fuel storage racks.

] Loral" Material Characteristics
Aluminum: 1100 alloy aluminum is the metallic ingredient of

Boral". The excellent corrosion resistance of the 1100 al.oy

aluminum is provided by the protective oxide film that develops on
its surface from exposure to the atmosphere or water. This film

prevents the loss of metal from general corrosion or pitting

corrosion and the film remains stable between a pH range of 4.5 to

8.5.
_

W
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- Boron Carbide The boron carbide contained in Boral* is a
fine granulated powder that conforms to ASTM C-750 ,80 nuclear grade
Type III. The particles range in size between 60 and 200 mesh and |

the material conforms to the chemical composition and properties
listed in Table 3.3.2. '

A large body of test data and plant operating experience data is

available in the publications in the public domain by Boral's

manufacturer.

3.4 Codes, Standards, and practicos for the Spent Fuel Fool
Modificati nQ

The f abrication of the rack modules is performed under a strict

quality assurance program which meets 10 CFR 50 Appendix B

requironents.

The following codes, standards and practices were used for all

applicable aspects of the design, construction, and assembly of the

spent fuel storage racks. Additional specific references related

to detailed analyses are given in each section. '

a. Desian Codes

(1) AISC Manual of Steel Construction, 8th Edition,1980
(provides detailed structural criteria for linear
type supports).

(2) ANSI N210-1976, " Design Objectives for Light Water
Reactor Spent Fuel Storage Facilities at Nuclear
Power Stations" (contains guidelines for fuel rack
design) .

(3) American Society of Mechanical Engineers (ASME),
Boiler and Pressure Vessel C6Ja, Section III, 1986
Edition.

Nuclear Facilities Steel(4) ANSI /AISC-N690-1984 --

_
Safety Related Structure for Design, Fabrication
and Erection

.-

p
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(5) ASNT-TC-1A- June, 1980 American Society for-

Hondestructive Testing (Recommended Practice for
Personnel Qualifications). 1

!b. Katerial Codes - Standards of ASME or ASTM. AS NOTEDt.

Standard Methods for Liquid Penetra.it(1) E165 -
,

Inspection
'

i

(2) SA240 - Standard Specification for Heat-Resisting,

Chromium and Chromium-Hickel Stainless Steel Plate,
Sneet and Strip for Fusion-Welded Unfired Pressure
Vessels

Detecting Susceptibility to Intergranular(3) A262 -

Attack in Austenitic Stainless Steel

Standard Specification for Stainless and(4) SA276 -

Heat-Resisting Steel Bars and Shapes

(5) SA479 - Steel dars for Boilers & Pressure Vansels

Standard Specification for Nuclear-Grade(6) C750 -

Boron Carbide Powder

Standard Specification for Boron-Based(7) C992 -

Neutron Absorbing Material Systems for Use in
Nuclear Spent Fuel Storage Racks

Specification for Seamless and Welded(8) SA312 -

Austenitic Stainless Steel Pipe

Specification for Hot Rolled and Cold-(9) SA564 -

Finished Age-Hardening Stainless and Heat Resisting
Steel Bars and Shapes

(10) American Society of Mechanical Er.gineers (ASME),
Boiler and Pressuro Vessel Code, Section II-Parts
A and C, 1986 Edition.

(11) ASTM A262 Practices A and E - Standard Recommended
Practices for Detecting Susceptibility to
Intergrannular Attack in stainless Steels

Recommended Practice for Descaling,(12) ASTM A380 -

cleaning and Marking Stainless Steel Parts and
Equipment

.-

W
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c. Weldina codes
.

(1) ASME Boiler and Pressure Vessel Code, Section IX -
Welding and Brazing Qualifications, 1986 Edition.

(2) AWS D1.1 - Welding Standards

d. Quality AsNMIADee. Cleanliness. Packaainn. Shioning.
Receivina._Storace, and Handling Reauirements

i

Packaging, Shipping, |(1) NQA-2-Part 2.2 1983 -
'

Receiving, Storage, and Handling of. Items for
Nuclear Power Plants (During Construction Phase)

(2) NQA-1-1983 - Basic Requirements and Supplements

(3) ASME Boiler and Pressure Vessel, Section V,
Nondestructive Examination, 1986 Edition.

(4) ANSI - N4 5. 2.11,197 4 Quality Assurance Requirements
for the Design of Nuclear Power Plants.

Qualifications of Inspection,N45.2.6(5) ANSI --

Examination, and Testing Personnel for Nuclear Power
Plar.ts (Regulatory Guide 1.58).

(6) ANSI N45.2.13 - Quality Assurance Requirements for
Control of Procurement of Equipment Materials and
Services for Nuclear Power Plants (Regulatory Guide
1.123).

(7) ANSI N45.2.23 - Qualification of Quality Assurance
Program Audit Personnel for Nuclear Power Plants
(Regulatory Guide 1.146).

(8) N45.2.9 - Requirements for Collection, Storage and
Maintenance of Quality Assurance Records for Nuclear
Power Plants - 1974

(9) N45.2.10 - Quality Assurance Terms and Definitions
- 1973

e. Governina NRC Desian Documents

(1) "OT Position for Review and Acceptance of Spent Fuel
Storage and Handling Applications," dated April 14,
1978, and the modifications to this document of
January 18, 1979.

_

(2) NRC Standard Review Plan Rev. 3, 1981, NUREG 0800 -
~

9.1.2, Spent Fuel Storage
-

.
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(3) NRC Standard Review Plan, Rev. 2, July 1981 NUREG
0800 - 9.1.1,.. Now Fuel ~ Storage

.

(4) NRC Standard Review Plan, Rev. 1, July 1981, NUREG
0800 - 3.8.4, Other Seismic Category I Structurns

(5) NRC Standard Roview Plan, Rev. 1, July 1981, NUREG
0800 - 3.8.5, Foundations

.

f. Other ANSI Standards (not listed in the preceding)

Design Objective for Light Water Reactor(1) H210 -

Spent Fuel Storage Facilities at Nuclear Power
Plants

(2) ANSI /ASN 8.1 - 1983, Nuclear Criticality Safety in
Operations with Fissionable Materials outside
Reactors

(3) ANSI /ASN 8.7 - 1974, Guide for Nuclear Criticality
Safety in the Storage of Fissile Materials

1975, Validation of Calculation(4) ANSI /ANS 8.11 -

,

Methods for Nuclear Critical'.ty Safety

g. Code-of-Federal Reaulations

(1) 10 CFR 21 - Reporting of Defects and Non-compliance

(2) 10 CFR 50 - Appendix A - General Design Criteria
for Nuclear Power Plants

(3) 10 CFR 50 - Appendix B - Quality Assurance Criteria
for Nuclear Power Plants and Fuel Reprocessing
Plants

(4) 10CFR Part 20 - Radiation Protection Standards

(5) 29CFR Section 1910.401 OSHA Standards for-

Commercial Diving Opatrations

h. Reculatory Guideg

(1) RG 1.13 - Spent Fuel Storage Facility Design Basis

Assumptions Used for Evaluating the(2) RG '1.25 -

Potential Radiological Consequences of a Fuel
Handling Accident in the Fuel Handling and Storage
Facility of Boiling and Pressurized Water Reactors.

-

&
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(3) RG 1.28 - (endorses ANSI N45.2) - Quality Assurance-

Program Requirements,' June, 1972.
.

(4) RG 1.29 - Seismic Design Classification

(5) RG 1.38 - (endorses ANSI N45.2.2) Quality Assurance
Requirements for Packaging, Shipping, Receiving,
Storage and Handling of Items for Water-cooled
Nuclear Power Plants, March, 1973.

(6) RG 1.44 - Control of the Use of Sensitized Stainless
steel

;

(7) RG 1.58 - (endorses ANSI N45.2.6) Qualification of
Nuclear Power Plant Inspection, Examination, and
Testing Personnel. Rev. 1, September, 1980

(8) RG 1.64 - (endorses ANSI N45.2.11) Quality Assurance
Requirements for the Design of Nuclear Power Plants,
October, 1973.

(9) RG 1.74 - (endorses ANSI N45.2.10) Quality Assurance
Terms and Definitions, February, 1974.

(10) RG 1.88 (endorses ANSI N45.2.9) Collection,-

Storage and Maintenance of Nuclear Power Plant
Quality Assurance Records. Rev. 2, October, 1976.

Combining Modal Responses and Spatial(11) RG 1.92 -

Components in Seismic Response Analysis

(12) RG 1.123 (endorses ANSI H45.2.13) Quality-

Assurance Requirements for Control of Procurement
of Items and Services for Nuclear Power Plants.

(13) NRC Regulatory Guide 3.41 Rev., May 1977 -

Velidation of Calculation Methods for Nuclear
criticality Safety

(14) NRC Regulatory Guide 1.26 Rev. 3, Feb.1976, Quality
Group Classifications and Standards for Water, Steam
and Radioactive Containing Components of Nuclear
Power Plants

1. Branch Technical Position

(1) CPB 9.1-1 - Criticality in Fuel Storage Facilities

(2) ASB 9-2 - Residual Decay Energy for Light-Water
Reactors for Long-Term Cooling

.-

e
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j ,tandard Reviev Plan i
.

.

(1) SRP 3.7.1 - Scismic Design Parameters

(2) SRP 3.7.2 - Seismic System Analysis

(3) SRP 3.7.2 - Seismic Subsystem Analysis
,

Other Seismic Category I Structures(4) SRP 3.8.4 -

(including Appendix D) :
!

(5) SRP 9.1.2 - Spent Puel Storage

.

Spent Fuel Pool Cooling and Cleanup(6) SRP 9.1.3 -

System

k. Other

| La Salla County Station updated Final Saf ety Analysis

|-- Report (UFSAR)

+

e

-
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Table 3.3.1 l.

i

BORAI* EXPERIENCE LIST (DOMESTIC AND FOREIGN) |

Pressurised Water Applications
Vented
Construc- Mfg.

Plant Utility tion Year

Bollefonte 1, 2 Tennessee Valley Authority No 1981 !

D.C. Cook 1,2 Indiana & Michigan Electric No 1979 ;

Indien Point 3 NY Power Authority Yes 1987
Maine Yankee Maine Yankee Atomic Power Yes 1977
. Salem 1, 2 Public Service Elec & Gas No 1980
Seabrook New Hampshire Yanxee No ---

Sequoyah 1,2 Tennessee Valley Authority Mo 1979 |

Yankee Rowe Yankee Atomic Power Yes .

1964/1983 [
Zion 1,2 Commonwealth Edison Co. Yes 1980
Byron 1,2 Commonwealth Edison Co. Yes 1988
Braidwood 1,2 Commonwealth Edison Co. Yes 1988 :

*

Yankee Rowe Yankee Atomic Electric Yes 1988
Three Mile Island GPU Nuclear Yes 1991
Unit one r

zion Commonwealth Edison Co. Yes 1991

Boiling Water Applications

Browns Ferry 1,2,3 Tennessee Valley Authority Yes 1980
Brunswick 1,2 Csrolina Power & Light Yes 1981'

: Clinton Illinois Power Yes 1981
4 Cooper Nebraska Public Power Yes 1979
i Dresden 2,3 Commonwealth Edison Co. Yes 1981

Duane Arnold -Iowa Elec. Light & Power No 1979
i J.A. FitzPatrick NY Power Authority .No 197S

E.I. Hatch 1,2 Georgia Power Yes 1981 4

Hope Creek Public Service-Elec & Gas Yes- 1985
Humboldt Bay Pacific Gas & Electric Yes 1986
Lacrosse Dairyland Power Yes 1976 *

'

Limerick 1,2 Philadelphia Electric No 1980
4

Monticello- Northern States Power Yes 1978
>

-Perry, 1,2
~

Philadelphia Electric- No 1980' Peachbottom 2,3
Cleveland Elec. Illuminating No 1979 i

Pilgrim Boston Edison No 1978
Shoreham -Long| Island Lighting Yes ---

i Susquehanna 1,2 Pennsylvania Power & Light Ho 1979
: Vermont Yankee Vermont Yankee Atomic Power Yes
i 1978/1986 .

i Hope Creek Public| Service Elec & Gas Yes 1989
Shearon Harris Carolina Power & Light Co. Yes 1991-

i -
4
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Table 3.3.1 (continued)
;

Foreign Installations Using Boral"d f.

France |
'

12 FWR Flants Electricite de France

south Africa

Koeberg 1,2 ESCOM

switserland

Beznau 1,2 Nordostschweizerische Kraftverke AG
Gosgen Kernkraftverk Gosgen-Daniken AG

Taiwan ,

Chin-Shan 1,2 Taiwan Power Company
Kuosheng 1,2 Taiwan Power Company

.

Mexico -

1

Laguna Verde 1 & 2 Conision Federal'de Electricidad
,

..
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Table 3.3.2

BORON CAR 3IDE CEENICAL COMPOSITIDW, WEIGET %*

Total boron 70.0 min.

Bio isotopic' content in 18.0
natural boron

Boric oxide- 3.0 max.

Iron 2.0 max.
-

Total boron plus 94.0 min.
total carbon

BORON CARBIDE PEYSICAL-: PROPERTIES

Chemical formula BC4

Boron content (weight) 78.28%

Carbon content (weight) 21.72%

Crystal Structure rombohedral

Density 2.51 gm./cc-0.0907 lb/cu. in.

02 4 50 C - 4 4 4 2'FMelting Point

Boiling Point 3 500'C- 63 32'T

.

.
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4.0 CRITICALITY swr'ETY ANALYSES
,

4.1 DC/ GN BASES

The high density spent fuel storage racks for the La

Salle County Station are designed to assure that the neutron
'

nultipli-cation factor (k,,,) is less than 0.95 with the racks fully
loaded with fuel of the highest anticipated reactivity and the pool
flooded with pure water at si temperature corresponding to the
highest reactivity. The design basis fuel for the storage rack is

! an 8x8 BWR fuel rod assembly with a uniform enrichment of 3.75 wtt
| U-235 in the anriched zone. The maximum calculated reactivity of

the storage rack includes a margin for uncertainty in reactivity
calculations and in mechanical tolerances, statistically combined,
such that the true k,,, will be less than 0.95 with a 95% probabili-
ty at a 95% confidence level. Reactivity effects of abnormal and

accident conditions have also been evaluated to assure that under
credible abnormal conditions, the reactivity will be less than the
limiting design basis value.

~

Applicable codes, standards, and regulations, or

pertinent sections thereof, include the following:

O General Design Criterion 62, Prevention of Criticality in
Ital Storage and Handling.

O USNRC Standard Review Plan, NUREG-0800, Section 9.1.2,
Spent Fuel Storage, Rev. 3, July 1981

O USNRC letter of April 14, 1978, to all Power Reactor
Licensees - OT Positien for Review and Acceptance of
Spent Fuel Storace and Handling Applications, including
the modification letter dated January id, 1979.

O USNRC Rwgulatory Guide 1.13, Spent Fuel Storage Facility
Dx ign Basis, Rev. 2 (proposed), December, 1981.m

.,
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O USNRC Regulatory Guide 3.41, Validation of Calculational
Methods for Nuclear criticality Safety (and related AllSI !

N16.9-1975).

O ANS-8.17-1984, Criticality Safety Criteria for the
Handling, Storage arid Transportation of LWR Fuel outside
Reactors.

To assure the true reactivity will always be less than the

calculated reactivity, the following conservative assumptions were
made:

0 The racks are assumed to contain the most reactive fuel
authorized to be stored in the Unit 1 pool.

O Moderator is pure, unborated water at a temperature
corresponding to the highest reactivity (4'C).

O Criticality safety analyses are based upon the k,,, of an
infinite radial array of storage cells, io, no credit is
taken for radial neutron leakage (except as necessary in
the assessment of abnormal / accident conditions).

O Neutron absorption in minor structural members is
neglected, i.e., spacer grids are replaced by water.

-

@ w
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4.2 SUMMARY OF CRITICALITY SAFETY ANALYSES .

.

4.2.1 Normal Operatina Conditions

The storage racks are designed to accommodate an 8 x 8 CE
type fuel assembly of 3.5% average enrichment, including the t so 6-

'inch natural U0 blankets, without gadolinium burnable poison. In
2

the 138 inch enriched zone, the uniform average enrichment is
,

3.743% U-235, conservatively taken as 3.75 % U-235 for design

purposes. The basic calculations supporting tha criticality safety
1

'

of the La Salle fuel storage racks are summarized in Table 4.2.1,
*

indicating a maximum k in the storage rack of 0.943 (95% proba-
bility at the 95% confidence level) including all known uncertain-
ties. Thus, the fuel storage rack satisfies . the design basis

requirement of a maximum k,,, less than or equal to 0.95 without

credit for the gado2inium burnable poison normally in the fuel.

. .

The design basis criterion of a uniform enrichment of

3.75% without gadolinium burnable poison is very conservative.-

With the gadolinium burnable poison loading usually contained in

BWR fuel, the actual reactivity will be considerably lower, even at

the peak in reactivity over burnup, where the gadolinium is essen-
tially consumed. For this reason, the racks could safely acco.a-

modate fuel of higher enrichments, with credit for the gadolinima

burnable poison that is normally contained in DWR fuel.

Calculations were made for fuel of 4.25% average enrichment

(4.6% enrichment in the 138-inch enriched fuel zone) with rods
0 ), although normally fuel assam-containing 2% gadolinium (as 06: 3

blies of this enrichment would contain substantially more gadolini-

um. To illustrate trends, the calculations included fuel of 4.4%

enrichment, with both-6 and 8 gadolinium-containing rods in each

-* k, is calculated for an infinite array, neglecting radial
neutron leakage.

,_
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assembly. The manimus k, for the uniform 4.6% enriched case with

2% Gd Cg3 was 0.9241, including uncertainties, corresponding to a k,
*

of 1.355 in the standard core geometry. It is evident that a

considerable margin exists below the USNRC guideline on k,n (0.95),

and that the racks could safely accommodate fuel of appreciably,

higher enrichments. The maximum k, of 0.9241 includos a conserva-

tive allevance of 0.0100 dk for possible differencos in calcula-

tional results between a fuel vendor and those reported here.

Furthermore, the use of a uniform enrichment is conservative with

respect to the distributed enrichments conventionally used in BWR
fuel.

4.2.2 Abnormal and Accident Conditions

None of the credible abnormal or accident conditions that
have been identified vill result in exceeding the limiting react-

ivity (k,g of 0.95). The effects on reactivity of credible

abnormal and accident conditions are summarized in Table 4.2.2. No

other credible accident events or abnormal configurations have been

identified that might have any adverse effect on the storage rack

criticality safety. The double contingency principle specifically

invoked in the definitive USNRC letter of April 14, 1978 precludes

the necessity of considering the occurrence of more than a single

unlikely and independent accident condition concurrently.

*

The standard core geometry is defined as an infinite array
of fuel assemblies on a 6-inch lattice spacing at 20*C, without any
control absorber or voids.

>
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4.3 REFERENCE TUEL STORAGE CELL
*

,

4.3.1 Puel Assembiv Design Boecificati2D

The deuign basis fuel assembly is a standard 8xs array of
DWR fuel rods . 'ntaining UO2 clad in Zircaloy (62 fuel rods with 2
water rods). For the nominal design case, fuel of uniform 3.75 wtt

U-235 enrichment was assumed, which, at 95% theoretical UOg

density, corresponds to 18.18 grams U-235 per axial centimeter of

fuel assembly. Design parameters are summarized in Table 4.3.1.

4.3.2 Storace Rack Cell Sg3cificttiong
,

The design basis storage rack cell consists of an egg- ;

crate structure, illustrated in Figure 4.3.1, with fixed neutron

absorber material (Boral) of 0.0238 g/ca# boron-10 areal density
I(0.022 g-B-10/cm minimum) positioned between the fuel assembly

storage cells. The storage call design for analysis is conserva-

tively based upon a nominal center-to-center lattice spacing of

6.264 inches and a larger spacing would result in a lower reactivi-

ty. Manufacturing tolerances, used in evaluating uncertainties in

reactivity, are indicated in Figure 4.3.1. The 0.090-in. stain-

less-steel box which defines the fuel assembly storage cell has a

nominal inside dimension of 6.05 in. This allows adequate
clearance for inserting or removing the fuel assemblies, with or

without the Zircaloy flow liner. Boral panels are not needed or

used on the exterior walls of modules f acing non-fueled regions,

i.e., the pool valls.

.

+-

w
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4.7 ANAI.YTICAL METHODOLOGY
_

.

Criticality analyses of the high density spent fuel
storage ra;Xs were performed usinj both the CASMO-3 code * (a two-
dimensional multi-group transport theory code) and the KDIO-Sa
code * (a Monte Carlo code), using the 27-group SCALE cross-

*

section library * With the NITAWL subroutine for U-238 resonance-

shielding effects (Nordheim integral treatment). CASMO-3 was also
used as a means of evaluating small reactivity increments associat-

ed with manufacturing tolerances.

Benchmark calculations are presented in Appendix A and

| indicate a bias of 0.0000 i O.0024 for CASMO-3 and 0.0101 i O.0018
(95%/95%) f or NITAWL-KDIO-Sa. These methods of analysis and the

benchmarking calculations have provic,only been used in the

evaluation of spent fuel storage racks that have been reviewed and
accepted by the USNRC.

In the geometric codel used in the calculations, each

fuel rod and its cladding was described explicitly and reflecting

boundary conditions (zero neutron current) were used in the axial
.

direction and at the centerline of the Boral and steel plates

between storage cells. These boundary conditions have the offoct

of creating an infinite array of storage cells in the X and Y

directions. In KENO-Sa, the axial height of 150 inches (Z

direction) was used with the top and bottom 6 inch natural UO
2

blankets included.

*

SCALE is an arronym-for Standardized Computer Analysis for
Licensing Ivaluation, a standard cross-section set . developed by
ORNL for the USNRC.

.
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4.5 CRITICALITY ANALYSES AND TOLERANCE VARIATIONS
.

4.5.1 Hominal Desian Cass

For the design basis reactivity calculations with a

uniform enrichment of 3.75%, the nominal storage cell infinite

multiplication factor, k., is 0.9348 (CASMO-3). With a ok of'

0.0070 for all known uncertaintics statistically combined, the

| maximum k, in the fuel rack is 0.943 which is substantially less

than the design basis limit of 0.95 for k,,,. Independent calcula-

tions with HITAWL-KENO-5a (!.00,000 histories in 1000 generations)

gave a k, (including all uncertaintion) of 0.9346 i O.0070

(95%/95%, maximum k, of 0.942) which is in good agreement with the<

CASMO calculation (see Table 4.2.1). The K-factor for 95%

probability at a 95% confidence level was determined from NBS

Handbook 91 .

., 4.5.2 Uncertainties Due to Rack ManufactMI1D9 123R Gnces

The reactivity ef fects due to manuf acturing tolerances are

summarized in Table 4.5.1 and discussed in the following sections:

4.5.2.1 Boron Loadina Variation

The Boral absorber panels used in the storaga cells are

nominally 0.082-inch thick, with a D-10 areal density of 0.0238
2g/cm. The manufacturing tolerance limit is 10.0018 g / cm* in B-10

loading, which assures that the minimum boron-10 areal density

will not be less than 0.022 gram /cm# Differential CASMO-3.

calculations indicate that this tolerance limit results in an

incremental reactivity uncertainty of 0.0051 6k.

.
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,

, .



--.

,

- -. - . . ... . .-. . _ . -. . _ - _ _

.

,.
-

~

Boral Nidth Tolerance Variation4.5.2.2

.

The reference storage cell design uses a Boral panel

width of 5.00 1 1/16 inches. For a reduction in width of the

maximum tolerance, the calculated positive reactivity increment is
,

+0.0019 6k.

4.5.2.3 Storace C,'1 Lattice Pitch Variation.

The design storage cell lattice spacing between fuel

assemblies is 6.264 inch. For the manuf acturing tolere.nce of 20.04

inch, the corresponding maximum uncertainty in reactivity is 1

0.0022 6k as determined by differential CASMO-3 calculations.

Increasing the lattice pitch reduces reactivity, e.g. , at a lattice

| spacing of 6.304 inches, the reactivity would be 0.0022 6k lower.

4.5.2.4 m jpinss Steel Thickness Tolerances

The nominal thicknesses of the stainless steel box and
the steel backing plate are 0.090 inch and 0.035 inches respective-
ly. The maximum positive reactivity effect for a mean stainless
steel thickness tolerance (t 0.005 inches) was calculated (by'

CASMO-3) to be i O.0010 6k.

4.5.2.5 Puel Enrichment and Density Variation

The nominal design enrichment is 3.75 vtt U-235. CASMO-3

calculations of the sensitivity to small enrichment variations

yielded an uncertainty of 0.0029 6k for the estimated 10.05

tolerance on percent U-235 enrichment.

stack densityThe design basis calculation assumed a UO2
of 95% theoretical density, corresponding to a density of 10.412

3
g/cm. Calculations were also made to determine the sensitivity to

~

a conservative tolerance in UO fuel density of 0.20 in density
2
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3or a maximum density of 10.612 g/cm . _ These calculations indicate
,

that the storage rack k, is increased by 0.0024 6k. A lower fuel
, ,

density would result in a correspondingly lower value of reac-
tivity. Thus, the uncertainty associated with the tolerance on
fuel density is 10.0024 Ek.

4.5.3 Zirconium Flow Channel

The design basis calculations assumed the presence of a
flow channel. Elimination of the zirconium flow channel results in

j a small (~ 0.0065 sk) decrease in reactivity.

4.5.4 Water Gao Scacina between Modules

For normal storage conditions with a water gap between
modules, the array k,,, of a module would be less than the reference
design K, and Boral panels along the walls of tht... modulas f acir.g

the water gap would not be necessary. However, as an additional

and precautionary measure, the rack design provides for Boral
panels on storage cells on one of the two modula valls along the
water gap. With this conservative configuration, the design

assures that, even under abnormal or accident conditions, the
storage rack reactivity will remain less than the 0.95 k,,,

_

regulatory limit.

4
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4.6~ HIGHER ENRICHMENT FUEL
,

.

Higher enrichments were also considered, including fuel
of 4.4% enrichment with both 6 and 8 fuel rods containing 2 wt%

gadolinium oxide (Gd 0 ) and fuel of 4.6% enrichment-with 8 2% Gd 023 23
containing rods in the assemblies. Burnup calculations were

performed with CASMO-3 which accounts for the highly self-shielded

gadolinium cross-sections. The restart option in CASMO-3 was then
used to analytically place the spent fuel assemblies into the

storage rack or into the standard core geometry.

Figure 4.6.1 shows the reactivity variation with burnup

for both the 4.4% and 4.6% enriched fuel. In both cases, the peak

reactivity over burnup is substantially less than the rack des,ign

basis enrichment without gadolinium. The peak reactivity of 0.8973

k, occurs at a burnup of 9 MWD /KgU. Adding the calculational and

manufacturing uncertainties, a correction for bulging of the

zirconium flow channel, an estimate of the potential uncertalnty in

depletion calculations and including a conservative allowance for

the possible difference between.the calculations reported here and

the fuel vendor calculations, the results are listed below:

LC 4.6% E

Calculated Reactivity at 0.8893 0.8973
the peak over burnup

Ek for Uncertainties (95%/95%) 0,0073 0.0073

Sk for bulging of the Zr channel 0 0050 0.0050

Ek for depletion uncertainty 0.3045 0.0045-

Allowance for difference 0.0100 0.0100
with vendor calculations

Maximum k, 0.9161 0.9241

__

e
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Whether the assemblies contain 6 or 8 Gd-rods is of
little significance since the evaluation is performed at the peak

reactivity over burnup where the gadolinium is almost completely
consumed.

From the data presented above, it is evident that thez

is a considerable margin below the USNRC limiting criterion on k,,,.
The racks are therefore capable of accepting fuel with enrichments

greater than 4.6%, particularly since fuel of the higher enrich-

ments will normally contain appreciable n. ore gadolinium burnable

poison than the modest assumption used for the present analyses.

Figure 4.6.2 illustrates the correlation between the reactivi-

ties in the. rack and those in the standard core geometry. For the

4.6% enriched case, the maximum in reactivity in Figure 4.6.1 at 9

| MWD /KgU corresponds to a k, in the standard core geometry (20*C) of
1.332 with re.sidual gadolinium included or 1.355 with residual

gadolinium set to zero. Thus, any fuel which has a k, of 1.332 (or

| 1.355 with residual gadolinium excluded) or less at 20*C in the

j standard core geometry and an average enrichment of 4.6% or less in
*

the enriched zone will be acceptable for storage in the Lasalle

Unit 1 spent fuel racks. There is also a reserve margin in

reactivity available which could be used in the future should the

need arise to qualify the racks for even higher enrichment.

*

Individual rod enrichments may exceed 4.6%E as long as the
average enriched-zone enrichment is 4.6% or less.

~

.
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4.7~ ABNORMAL AND ACCIDENT CONDITIONS
.

4.7.1 Tercerature and Water Density Effects

The moderator temperature coefficient of reactivity is

negative and a conservative moderator temperature corresponding to
the maximum water density (4'C) was assumed for the reference-

design. This assures that the true reactivity will always be lower

than the calculated value regardless of temperature or water

density.

Temperature effects on reactivity have been calculated

and the results are shown in Table 4.7.1. Introducing voi6s. in the

water in the storage cells (to simulate boiling) decreased
reactivity, as shown in the table. Boiling.at the submerged depth
of the racks would occur at approximately 252*F.

4.7.2 Abnormal Location of a Fuel Assembly

It is theoretically possible to suspend a fuel assembly

of the highest allowable reactivity outside and adjacent to the

fuel rack, although such a condition is highly unlikely. Neutron

leakage, inherent along the module edge, significantly reduces the

.
reactivity consequences of an extraneous fuel assembly. Three

dimensional KENO-Sa calculations show that the k,,,, with an
assembly outside and adjacent to a rack module, is less than the

design basis k, of an infinite radial array. Thus, the abnormal

location of a fuel assembly will have a negligibic reactivity
i effect.
L

4.7.3 Eccentric Fuel Assembly Positionino

The fuel assembly is normally located in the center of

the storage rack cell with bottom fittings and spacers that

-
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mechanically restrict lateral movement of the fuel assemblies.

Nevertheless, calculations with the fuel assembly moved into the

corner of the storage rack cell (four-assembly cluster at closest

approach), resulted in a substantial negative reactivity offect.

Thus, the nominal case, with the fuel assembly positioned in the

center of the storage cell, yields the maximum reactivity.

4.7.4 Drooned Fuel Assembly

For a drop on top of the rack, the fuel assembly will

come to rest horizontally on top of the rack with a minimum

separation distance from the fuel of more than 12 inches which is

,' sufficient to preclude neutron coupling (i.e., an effectively

infinite separation). Maximum expected deformation under seismic

or accident conditions will not reduce the minimum spacing between

.

h

&
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fuel' assemblia: to less than 12 inches. consequently, fuel

assembly drop accidents will'not result in a significant increase
in reactivity (<0.0001 6k) due to the separation distance.

4.7.5 Fuel Rack Lateral Movement

Normally, the individual rack modules in the spent fuel

pool are separated by a water gap. Lateral motion of a fuel rack,

postulated as a consequence of the design basis earthquake, could

reduce or eliminate this water gap spacing. Since the exterior

walls of one of the modules along the gap contains Boral, closing

the gap would not result in any increase above the design basis

reactivity. consequently, rack module movement would have
negligible reactivity consequences, and the reactivity would remain

'

below the design basis k,.

-

M *

m
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4.8 COMPARISON WITH RECENT BWR STORAGE RACK DESIGNS
.

The specification of 3.75% enrichment an a design basis,
without consideration of the gadolinium burnable poison present, is

very conservative. The La Salle storage rack design may be
compared with other recent BWR rack designs as shown in the

following tabulation:
2Design Basis B-10 g/cm

P_1.Qat Enrichment Loadina

Lasalle County Station 3.75% 0.0238

Hope Creek 3.4% 0.0170

Fitzpatrick 3.3% 0.0337

Laguna Verde (Mexico) 3.15 0.012

Kuosheng (Taiwan) 3.15 0.012

.

m -
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4.9' LARGE STORAGE CELLS FOR SPECIAL RERACKED STORAGE NEEDS

.

The raracked La Salle fuel pool will contain four large

square cells of 11.5" inside dimension which are sized to store the
control rod drive tube or the defective fuel container. Calcula-

tions confirm that these cells are suitable for storing defective

| fuel containers loaded with a fuel assembly, yielding a km of

0.74 with fresh unburned fuel.|
-

!

|
'
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Table 4.2.1*

SUMMARY OF CRITICALITY SAFETY ANALYSES

CASMO_ KE11Q

Temperature for analysis 4*C 4*C 4*C*

Gadolinia Content None 24 None

Fuel Burnup 9 Max k,,, 0 9 0
_

Fuel Enrichment, wtt U-235 3.75 4.6 3.75

Reference k, 0.9350 0.8973 0.9245

Calculational Bias 0.0000 0.0000 0.0101
~

Uncertainties

| Calculational 10.0024 10.0024 =0.0018

KENO statistics NA NA 10.0010

Tolerances"3 10.0071 10.0071 10.0071
.

negativeRemoval of flow channel negative -

negativeEccentric position negative -

Statistical combination (2) 0.0075 to.0075 0.0074
of uncertainties

Effect of Channel Bulge NA 0.0050 NA
Allevance for Vendor Calcs NA 0.0100 NA
Uncertainty in Depletion Cales. NA 0.0045 NA

Total O.9350 1 0.0075 0.9346 0.0074
0.9168 0.0075

Maximum reactI.vity O.943 0.924 0.942

U3 See Table 4.5.1

(2) Square root of sum of squares of all independent uncertain-
ties.

..
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Table 4.2.2
_

REACTIVITY EFFECTS OF ABNORMAL AND ACCIDENT CONDITIONS

-Accident / Abnormal Condition Reactivity Effect

Temperature increase Negative (Table 4.7.1)

-Void-(boiling) = Negative-(Table 4.7.1)-
._

Assembly dropped on top of rack -Negligible

L -Movaner.t of rack modules: . Negligible.

Misplacement-of a fuel assembly Negligible

_

9

&

&
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Table 4.3.1

FUEL ASSEMBLY DESIGN SPECIFICATIONS

FUEL ROD _D M

Cladding outside diameter, in. O.483

Cladding inside diameter, in. O.419

Cladding material Zr-2 -

UO density (stack), g/cc UO2 10.412
2

Tolerance ! O.200

Pellet diameter, inch 0.411

Enrichment (Rack design basis, 3.75
uniform t U-235)

WATER ROD DATA

Number of Water Rods 2

Inside diameter, inch O.531

Outside diameter 0.591

Material Zr-2 -

FUEL ASSEMBLY DATA

Fuel rod array 8x8

Number of fuel rods 62

Fuel rod pitch, inch 0.640

Fuel charinel, material Zr-2

Inside dimension, inch 5.258

_

Outside dimension, inch 5.476

..

im

4 - 20

. _ _ - - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _



- _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - ._-

,

-

. ..

-
-

. -

.

-Table 4.5.1

Reactivity Uncertainties"3 due to
Manufacturing Tolerances

Nominal
Quantity value Tolerance S k,

Boron Loading 0.0238 g/cm* O.0018 g/cm 0.0051 -

2

Boral width 5.00 inches 11/16 inches 10.0019

| Lattica spacing 6.264 inches 0.040 inches 10.0017

SS thickness 0.09 and 10.005 inches to.OO10
0.035 inches mean

Fuel enrichment- 3.75% U-235 10.05% U-235 10.0029

3 3
Fuel density 10.412 g/cm 10.20 g/cm 10.0024

d'Statistical combination O.OO69
-of uncertainties

'")
~

Square root of sum of squares of all independent tolerance
effects.

.
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Table 4.7.1

EFFECT OF TEMPERATURE AND VOID ON CALCULATED
REACTIVITY OF STORAGE RACK

Case Incremental Reactivity Change, 6k

.

4*C (39'F) Reference

20*C (68'F) -0.003

80*C (176*F) -0.016

122'C (252*F) -0.028

122*C, 20% void -0.039

.
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BORAL
,(

'

0.0238 gm B-10/sqcm
_

.

5.00"i1/16"
~

SS BOX

0.082" THICK IN 0.089" SPACE /- 0.090 0.004"
/ 6.05 0.03" I D
:

unusu=uusu uumuuuuuuuu u= uuuuu auuuu uu u u uauau

Zr FLOW ! b. UO2 DENS = 10.412 g/cc
LINER | O, PELLIT OD = 0.410" |

5.476" OD ! Ct.AD ID = 0.419" ?

s.258" 10 ! - O O h " PITCH
" " = '83" !-

; = 0.640" !,

! OO |
-

! !
" * 0.107"

-

j i'

(o gHALT THICKNESS)m
-

j | OOOOk j: 5 5" "''" 5 5 '"'-

WATER RODS ! 0 0 0 0 0 0 '6, !
!s;1;; $ | 000OOOOh !

1

!ssmmmmmmm_mmsm mmmmmmm mmmmm?

': 6.264" 0.04" :!
'

' INOT TO SCALE
LATTICE SPACING (RErLECTING BOUNDARY CONDITIONS

THROUGH CENTERLINE OF BORAL
PANELS - 4 SIDES)

FIG. 4.3.1 STORAGE CELL CROSS SECTION FOR
CALCULATIONAL MODEL

~
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1. 0 - INTRO. DUCTION AND SUMMARY
; . .

.

The objective of this benchmarking study is to verify
both the NITAWL-KENO-San ,2) methodology with the 27-group SCALE

,

cross-section library and the CASMO-3 codem for use in criticality
safety calculatione nf high density spent fuel storage racks. Both '

calculational methods are based upor. transport theory and have been

benchmarked - againct critical axperiment.s that simulate typical '

spent fuel storage - rack designs as realistically as _ possible.

Results of these benchmark calculations with both methodologies are

consistent -with corresponding calculations reported in the

literature.

Re ults of the benchmark calculations show that the

27-group (SLALE) NITAWL-KENO-Sa calculations consistently under-

predict the critical eigenvalue bi 0.0101 ! 0.0018 6k (with a 95%
Wprobability at a 95% confidence level) for critical experiments

that are as representative as possible of realistic spent fuel

storage rack configurations and-poison worths.
t

Extensive benchmarking calculations of critical experi-

ments with CASMO-3 have also been reportedm, giving a mean k,,, of

1.0004 1 0.0011 for 37 cases. With a K-factor of 2.14* for 95%
probability at a 95% confidence level, and conservatively neglect-

ing the_small overprediction, the CASMO-3 bia4 then becomen 0.0000
0.0024. CASMO-3 and NITAWL-KENO-Sa intercomparison calculations

'Iof infinite arrays of poisoned cell configurations (representative

of typical spent fuel storage rack designs) show very good
,

agreement, confirming that 0.0000 t 0.0024 is a reasonable bias and
uncertainty for CASMO-3 calculations. Reference 5 also documents

good agreement of heavy nuclide concentrations for the Yankee core
isotopics, agreeing with the measured values within experimental
error.

_
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- The benchmark calculations reported here confirm that

either,the 27-group (SCALE) NITAWL-KENO or CASMO-3 calculations are
acceptable for criticality analysis of high-density . spent fuel

storage racks. Where possible. rv ere r e calculations for storage

rack designs should be parformed with both cedt. packages to provide
independent verification.

2.0 NITAWL-KElio Sa BENCHMARK CALCULATIONS

Analysis of a series of Babcock & Wilcox critical
~

experimentsW, including some with absorber panels typical of a

poisoned spent fuel rack, is summarized in Table 1, as calculated

with NITAWL-KENO-Sa using the 27-group SCALE cross-section library

and the Nordheim resonance integral treatment in NITAWL. Dancoff

f actors ~ f or input to NITAWL were calculated with the Oak Ridge

SUPERDAN routine (from the SCALEm system of codes). The mean for
these calculations is 0.9899 i O.0028 (1 o standard deviation of
the population). With a one-sided tolerance factor corresponding

W the calculationalto 95% probability at a 95% confidence level ,

bias is + 0.0101 with an uncertainty of the mean of of 1 0.0018 for

the sixteen critical experiments analyzed.

Similar calculational deviations have been reported by
_

ORNLm for some 54 critical experiments (mostly clean critical

without strong absorbers), obtaining a mean bias of 0.0100 1 0.0013

(95%/95%). These published results are in good agreement with thc

results obtained in the present analysis and lend further credence

to the validity of the- 27-group _ NITAWL-KENO-Sa calculational model

for use in criticality analysis of high density spent fuel storage

. racks. No trends in k,,, with intra-assembly water gap, with

absorber panel reactivity worth, with enrichment or with poison

concentration were identified.

_

en.i

@

A-2

6
.b

... - - . . - .
____ ___

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___________.____.___.______;



_- .- - _ _ - _ .- . .-. - - . . - . . .--

.

-
..

- Additional benchmarking calculations were also made for

a seri,es of French critical experir.entsW at 4.75% enrichment and
for several of the BNWL criticals with 4.26% enriched fuel.

Analysis of the French criticals (Table 2) showed a tendency to

overpredict the reactivity, a result also obtained by ORNLDH. The

calculated k, ,, values showod a trend toward higher values with

decreasing core size. In the absence of a significant enrichment

effect (see Section 3 below), this trend and the overprediction is
,

attributed to a small inadequacy in NITAWL-KENO-Sa in calculating

neutron leakage from very small assemblies.

Similar overprediction was also observed for the BNWL

series of critical experiments 0" which also are small assemblies

(although significantly larger than the French criticals) . In this

case (Table 2), the overprediction appears to be small, giving a

mean k,,, of 0.9990 i O.0037 (1 a population standard deviation).

Because of the small size of the BNWL critical experiments and the

absence of any significant enrichment effect, the overprediction is

also ' attributed to the failure of NITAWL-KENO-Sa to adequately

treat neutron leakage in very small assemblies.

Since the analysis of high-density spent fuel storage

racks generally does not entail neutron leakage, the observed

inadequacy of NITAWL-KENO-Sa is not significant. Furthermore,

omitting results of the French and BNWL critical experi~ ment

analyses from the determination of bias is conservative since any

leakage that might enter into thg analysis would tend to result in
overprediction of the reactivity.

.

M '

w

A-3

.

-'

- _____.. __ __ _ - -_



- - - . - . .- .- - . - . . .-

, a . -

3. -CASMO-3 BENCHMARK CALCULATIONE
_.

The CASMO-3 code is a multigroup transport theory code

utilizing transmission probabilities to accomplish two-dimensional'

calculations of reactivity and depletion for BWR and PWR fuel

assemblies. As such, CASMO-3 is well-suited to the criticality

analysis of spent fuel storage racks, since general practice is to

treat the racks as an infinite medium of storage cells, neglecting

leakage effects.

CASMO-3 is a modification of the CASMO-2E code and has been

extensively benchmarked against both mixed oxide and hot and cold

critical experiments by Studsvik Energiteknikm . Reported ana-
mlyses of 37 critical experiments indicate a mean k,n of 1.0004 !

O.0011 (10). To independently confirm the validity of CASMO-3

(and to investigate any effect of enrichment), a series of
,

calculations were made with CASMO-3 and with NITAWL-KENO-Sa on
identical poisoned storage cells representative of high-density

spent fuel storage racks. Results of these intercomparison

calculations * (shown in Table 3) are within the normal statistical
variation of KENO calculations and confirm the bias of 0.0000

0.0024 (95%/95%) for CASMO-3.

Since two independent methods-of analysis would not be

expected to have the same error function Nith enrichment, results

of the intercomparison analyses (Table 3) indicate that there it, no

significant effect of fuel enrichment over the range of en'cich-

ments involved in power reactor fuel. Furthermore, neglecting the-

French and BNWL critical benchmarking in the determination of bias

is a conservative approach.

'Intercomparison between analytical methods is a technique'

endorsed by Reg. Guide 5.14, " Validation of Calculational
Methods"for Nuclear Criticality Safety".
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- Table 1--

RESULTS OF 27-GROUP (SCALE) NITAWL-KENO-Sa CALCULATIONS *

OF B&W CRITICAL EXPERIMENTS

Experiment Calculated a
Number k, ,,

I 0.9922 i 0.0006

'II 0.9917 t 0.0005

III 0.9931 1 0.0005

IX 0.9915 1 0.0006

X 0.9903 t 0.0006

XI 0.9919 1 0.0005

'
XII 0.9915 1 0.0006

XIII O.9945 1 0.0006

XIV 0.9902 ! 0.0006
_

XV 0.9836 1 0.0006

XVI 0.9863 i 0.0006

XVII 0.9875 t 0.0006

XVIII 0.9880 1 0.0006

XIX 0.9882 0.0005

XX 0.9885 1 0.0006

XXI 0.9890 ! 0.0006

Mean 0.9899 1 0.00070)

Bias (95%/95%) 0.0101 0.0018

03 Standard Deviation of the Mean, calculated from the k,,, values.
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Table 2

RESULTS OF 27-GROUP (SCALE) NITAWL-KENO-Sa CALCULATIONS
OF FRENCH and BNWL CRITICAL EXPERIMENTS

-

French Experiments

separation- Critical Calculated
Distance, em Height, en k,,,

O 23.8 1.0231 i O.0036

2.5 24.48 1.0252 ! O.0043

5.0 31.47 1.0073 i O.0013

10.0 64.34 0.9944 0.0014
..

BNWL Experiments
Calculated

1Case Expt. No, k,,,

No Absorber 004/032 0.9964 t 0.0034

SS Plates (1.05 B) 009 0.9988 i O.0038

-SS Places (1.62 B) 011 1.0032 1 0.0033

SS Plates (1.62 B) 012 0.9986 i O.0036

SS Plates 013 0.9980 t 0.0038

SS Plates 014 0.9936 t 0.0036

Zr Plates 030 1.0044 t 0.0035

Mean -0.9990 1 0.0037

_
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Table 3

RESULTS OF CASMO-3 AND NITAWL-KENO-Sa
BE'ICHMARK (INTERCOMPARISON) CALCULATIONS

Enrichment 03 k.
Wt. % U-235 NITAWL-KENO-Sa(83 CASMO-3 |6k|

2.5 0.8408 i O.0016 0.8379 0.0029

3.0 0.8831 i O.0016 0.8776 0.0055

3.5 0.9097 t 0.0016 0.9090 0.0007

4.0- 0.9334 i O.0016 0.9346 0.0012

4.5 0.9569 i O.0018 0.9559 0.0010
~

5.0 0.9766 0.0018 0.9741 O.0025

Mean 0.0023

03 Infinite array of assemblies typical of high-density spent fuel
storage racks.

(83 - k,, from NITAWL-KENO-Sa corrected for bias.

.
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5.0- THERMAL-HYDRAULIC CONSIDERATIONS

5.1 Introduction -

This section provides a summary of the methods, models, analyses

and numerical results to demonstrate the compliance of the reracked

La Salle County Station (LSCS) Unit i spent fuel pool with the

provisions of Section III of the USNRC "OT Position Paper for

Review and Acceptance of Spent Fuel Storage and Handling

Applications", (April 14, 1978).

_

Similar methods of thermal-hydraulic analysis have been used in

previous licensing efforts on high density spent fuel racks for

Fermi 2 (Docket 50-341), Quad Cities 1 and 2 (Dockets 50-254 and

50-265), Rancho Seco (Docket 50-312), Grand Gulf Unit 1 (Docket

50-416), Oyster Creek (Docket 50-219), Virgil C. Summer (Docket
50-395), Diablo Canyon 1 and 2 (Docket Nos. 50-275 and 50 323),

Byron Units 1 and 2 (Docket 50-454, 455), St. Lucie Unit One

(Docket 50-335), Millstone Point I (50-245), Vogtle Unit 2 (50-

425), Kuosheng Units 1 & 2 (Taiwan Power Company), Ulchin Unit 2

(Korea Electric Fower Company), and J.A. FitzPatrick (New York
Power Authority), Zion (Commonwealth Edison Company), Sequoyah

(TVA) , and Three Mile Island Unit One (GPU Nuclear) , among others.
-

The analyses to be carried out for the thermal-hydraulic

qualification of the rack array may be broken down into the

following categories:

(i) Pool decay heat evaluation and pool bulk temperature
variation with time.

(ii) Determination of the maximum pool local temperature
at the instant when the bulk temperature reaches
its maximum value.

(iii) Evaluation of the maximum fuel cladding temperature
to establish that bulk nucleate boiling ** any
location resulting in two phase cc tons
environment around the fuel is not possib.

.
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- (iv) Evaluation of the time-to-boil if all heat rejection
paths from the cooler are lost.

,

(v) Compute the effect of a blocked fuel cell opening on the
loa.al water and maximum cladding temperature.

The following sections present a synopsis of the methods employed
to perform such analyses and final results.

. .

| 5.2 3 Dent Fuel Pool Coolina System and CleanuD System DescriDtion

The La Salle County Station Unit 1 Spent Fuel Pool Cooling System |
(SFPCS) consists of two identical cooling trains. Each cooling

'

| train consists of one 3000 gpm centrifugal pump and one 14.6 x 10'
Btu /hr tube-and-shell heat exchanger. The system takes auction from

the fuel pool and subsequently pumps water through the filter-

domineralizer (cleanup) system and then to the heat exchangers.

Ileat from the fuel pool water is rejected by the heat exchangers

to the Service Water System (SWS). The fuel pool water is cooled

and purified through the circulation. 11either the SFPCS nor the

cleanup system are Seismic category I.

In the event of excessive heat load, the pool can be cooled by

means of spooling in suction and return lines to the Residual Heat

Removal (R!m) "B" loop pump and heat exche yer (41.6 x 10' Btu /hr)
of the unit for supplementary cooling of he p - 1. The flow rate

is approximately 7500 gpm through the Et ned exchanger and back

to the RHR return in the fuel pool. All ploes and valves to and

from the "B" loop of the RHR System are designed as Le1smic

category I and can be isolated from the fuel pool cooling syntam,

thus providing a completely independent seismic designed system for
cooling the pool.

The lovel of the fuel pool is maintained through the une of makeup

to the pool, llormal makeup is received from the cycled condensatei

storage-system of the unit. However, a Seismic Catege-y I fuel

pool emergency makeup pystem, whid is capable of a makeup ^ ^f

300 gpm to the pool, is present should it be necessary to ). ilde

5-2
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amergency makeup. The energency fuel pool makeup system is part !

of the core standby cooling system equipoent cooling water system ;

(CSCS-ECWS) which is also Seismic Category I, thus ensuring a
reliable source of water. Redundant pumps are provided. Makeup
to the fuel pool during normal and abnormal conditions is provided
by redundant pumps, thus ensuring an adequate m6:.no of maintaining
the fuel pool level.

5.3 Decay Heat Load Calculations
.

The decay heat load calculation is performed in accordance with the

provisions of "USNRC Branch Technical position ASB9-2, " Residual
Decay Energy for Light Water Reactors for Long Term Cooling", Rev.
2, July, 1981.

,

5.4 Discharae scenarios

The LSCS Unit 1 fuel pool cooling system is sized to comply with
the cooling capacity requirements implicit in the USNRC SRP 9.1.3.
Therefore, calculations validating the SRP compliance of the

cooling system are not presented. Instead, we present the
discharge scenarios which correspond to the actual La Salle

refueling practices.

Accordingly, two discharge scenarios are considered assuming the
pool is already filled with 12 refueling batches (256 fuel bundles
per batch) at 18 month cycles. Each discharge scenario consists

of one refueling batch of 256 assemblies and one full : ore offload

of 764 assemblies to simulate the emergency full core offload

condition. The spent fuel pool is assumed to have a total of 4026

| storage locations. The assumed final discharges will result in a

| total of 4092 fuel assemblies in the pool which bounds the actual
pool capacity. More fuel assemblies implies higher decay heat load.
Therefore, the bounding heat load in the pool will _be calculated
.i n the analyses. The two discharge scenarios are intended to

5-3
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demonstrate that the Spent Fuel Pool Cooling System alone can

handle the emergency full core offload in spite of the increased

fuel inventory in the fuel pool.
1

For the two dishcarge scenarios, it is assumed that the normally
scheduled outatie (Batch /13) occurs 18 months after the previous ;

outage and fuel discharge to the pool begins at the rate of 10

assemblies per hour,100 hours af car reactor shutdown. The reactor

is restarted after 45 days of outage. Two spent fuel pool cooling

trains are assumed in operation during the discharges. No credit

is taker. for the additional cooling provided by the RllR heat

exchanger.

Case (I): Thirty days after restart of the resctor, the unit
experiences an unsheeduled shutdown, and the core
is offloaded to the pool after 100 hours of decay
in the reactor.

Case (II): Reanalysis of the above case with 30 days replaced
with 60 days.

,

Figure 5.4.1 illustrates the above two scenarios. Table 5.4.1 '

provides the major input for the scenarios.

5.5 Bulk Pool Temneratures

The bulk temperature calculations are performed using a highly

conservative mathematical model. As shown in Figure 5.5.1, only
~

the cooling contribution of the spent fuel cooler is considered.

The Residual Heat Removal heat exchanger, which is concurrently

. cooling the water mass in the reactor cavity and the spent fuel

poo,, is not considered in this analysis in the interest of

censervatism.

Eimilarly, in order to perform the analysis conservatively, the

heat exchangers are assumed to be fouled to their design maximum.
Thus, the temperature effectiveness, p, for the heat exchanger

utilized in the analysis is the lowest postulated val'u'e calculated

5-4
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fr5m heat exchanger thermal hydraulic codes. p is assumed to remain
constant in the calculation.

The mathematical formulation can be explained with reference to the
simplified heat exchanger alignment of Figure 5.5.1.

| Referring to the Spent Fuel Pool cooling System, the governing
differential equation can be written by utilizing conservation of

energy:

dT
C = On - Q n (5-1)i,

df

OL = P. + Q ( r ) - Ogy (T, t )

where

C: Thermal capacitance of the pool (net water
volume times water density _ and times heat
capacity), Btu /*F.

Oct Heat load to the heat exchanger, Btu /hr.

Q(f): Heat generation rate from recently discharged
fuel, which is a specified function of time,
r, Btu /hr.

P . = 8 P,2 Heat generation rate from "old" fuel, Btu /hr.
(P, = average assembly operating power, Btu /hr)

Q,g t Heat removal rate by the heat exchanger,
Btu /hr.

Ogy (T, t.) : Heat loss to the surroundings, which is a
function of pool temperature T and ambier.t
temperature t , Btu /hr.

Q,g is a non-linear function of time if we assume the
temperature effectiveness p is constant during the
calculation. Q can, however, be written in -terms of
effectiveness p,aas follows:

..

Qn"W C P (T - t) - (5-2)i t 3
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'

P"
*

T - t,

where:

Wt Coolant flow rate, lb./hr.i

C, Coolant specific heat, Btu /lb.*F.

Ipt Temperature effectiveness of heat exchanger.

T Pool water temperatura, *F

tl Coolant inlet temperature, 'Fi

t,t ' Coolant outlet temperature, *r ;

1

p l's - determined by the heat exchanger design basis performance. !
Q(r) is specified according to the provisions of "USNRC Branch

Technical Position ASB9-2, " Residual Decay Energy for Light Water !

Reactors for Long Term Cooling", Rev. 2, July, 19E1. Q(r) is a
function of _ decay time, number of assemblies, and in-care exposure
time. During the fuel transfer, the heat load in the pool will ,

,

increase with respect to the rate of fuel transfer and equals Q(r)

after the fuel transfer.

!
'

Cgy is a -non-linear function of pool temperature and ambient _
temperature. Ogy . contains the heat evaporation loss through the
pool-surface, natural convection from the pool surface and heat

'
conduction through the pool walls and slab. Experiments show that

the heat ~ conduction takes only about 4% of the total heat loss

| (5.5.1), therefore, it can be neglected. The evaporation heat and

| natural convection heat loss can be expressed as:

_ gy = m T A, + he A, e (5-3)Q

where:

m:~ Mass evaporation rate, lb./hr. ft.2

-T: Latent heat of pool water, Btu /lb.- ~~

5-6
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~~ A,: Pool surface area, ft.2

h, Convection heat transfer coefficient at pon1 *

surface, Btu / f t., hr. 'T

0 = T-t. : The temperature difference between pool water and
ambiant air, 'F

The mass evaporation rate a can be obtained as a non-linear
function of O. We, therefore, have

n = hp (0) (W -W) (5-4)p

where:

Wp: Humidity ratio of saturated moist air at pool water
surface temperature T.

Wu: Humidity ratio of saturated moist air at ambient
temperature t,

ho(0): Diffusion coefficient at pool water surf, ace, ho is
a non-linear function of 9, lb./hr. ft. *F

The ncn-linear single order differential equation (S-1) is solved

using Holtec's Q. A. validated numerical integration code "ONEPOOL".

The next step in the analysis is to determine the temperature rise

profile of the pool water if all forced indirect cooling modes are

suddenly lost.

If the cooling makeup water is added at the rate of G lb/hr and the

cooling water is at temperature, tu, tne governing enthalpy

balance equation for this condition can be written as

dT
( C + G ( C,) ( T f )) = P. + Q(T + tw) +G ( C,) ( tg - T)-

di

where water is assumed to have specific heat of unity ( C, 1.0=

Btu /lb.*F), and the time coordinate r is measured from the instant

of loss-of-cooling. r, is the time coordinate when the direct

addition (fire hose) cooling water application is begun, tw is
the time coordinate measured from the instant of reactor shutdown

| 5-7
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to the instant of loss-of-cooling. T is the dependent variable

| (pool water. temperature). For conservatism, Osv is conservatively
| assumed to remain constant af ter pool water temperature reaches and
rises above 170'F.

I

A Q. A. validated numerical quadrature code is used to integrate the
' '

f oregoing equtstion. The pool water heat up rate, time-to-boil, and

subsequent water evaporation-time profile are generated and

compiled for safety evaluation.
'

5.6 Local Pool WJter Temoerature

In this sect!.on, a summary of the methodology, calculations and

results for local pool water temperature is presented.

5.6.1 RAA)J
.

In order to determine an upper bound on the maximum fuel cladding

temperature, a series of conservative assumptions are made. The

most important assumptions are listed below:

0 The fuel pool will contain spent fuel with varying time-
after-shutdown (r Since the heat emission falls off
rapidly with incre,)asing r,, it is conservative to assume

.

that all fuel assemblies are from the latest batch
discharged simultaneously in the shortest possible time
and they all have had the maximum postulated years of
operating time in the reactor. The heat emission rate
of each fuel assembly.is assumed to be equal and maximum,

o As shown in the pool layout drawings, the modules occupy
an ' irregular floor space in the pool. For the
hydrothermal analysis, a circle circumscribing the actual
rack floor space is drawn (Fig. 5.6.1). It is further

assumed that the cylinder with this circle as its base
is packed with fuel assemblies at the nominal layout
pitch.

1 0 The actual downcomer space around the rac_k module group
varies. The nominal downcomer gap available in the pool
is assumed to be the total gap available around the

4
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idealized cylindrical rack; thus, the maximum resistance
to downward flow is incorporated into the analysis (Figs.
5.6.2 and 5.6.3) (i.e. minimum gap betweeh the pool wall
and rack module, including seismic kinematic effect).

O No downconer flow is assumed to exist between the rack
modules.

O No heat transfer is assumed to occur between pool water
e.nd the surroundings (wall, etc.)

o The effect of the truncation of the sparger line in the
fuel pool is appropriately accounted for by setting the
bottom planum temperature equal to the spatial average
temperature of the pool.

5.6.2 }igdal Descrintion

In this manner, a conservative idealized model for the rack
assemblage is obtained. The water flow is axisymaetric about the
vertical axis of the circular rack assemblage, and thus, the flow
is two-dimensional (axisymmetric three-dimensional) . Fig. 5.5.2

,

shows a typical " flow chimney" rendering of the thermal hydraulics
model. The governing equation to characterize the flow field in

the pool can now be written. The resulting integral equation can

be solved for the lower plenum velocity field (in the radial

direction) and axial velocity (in-cell velocity field), by using

the method of collocation. The hydrodynamic loss coefficients which

enter into the formulation of the integral equation are also taken

from well-recognized sources (Ref. 5.6.1) and wherever
discrepancias in reported values exist, the conservative values are

consistently used. Reference 5.6.2 gives the details of

mathematical analysis used in this solution process.
Af ter the axial velocity field is evaluated, it is a straight-

forward' matter ts compute the fuel assembly cladding temperature.
The knowledge'of the overall flow field enables pinpointing of the
storage location with the minimum axial flow (i.e, maximum water

outlet temperatures). This is called the most " choked" location.
In order to find an upper bound on the temperature in a typical

cell, it is assumed that it is located at the most ch.oked location.

Knowing the global plenum velocity field, the revised axial flow

1
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I through this choked cell can be . calculated by solving the
|Berroulli's equatien for the flow circuit through this cell. Thus,

.

an absolute upper bound on the water exit temperature and maximum
'

fuel cladding temperature is obtained. In view of these

aforementioned assumptions, the temperatures calculated in this

manner overestimate the temperature rise that will actually occur

in the pool. lioltec's earlier computer code Ti!ERPOOL* based on the
theory of Ref. 5.6.2, automates this calculation. The analysis

procedure embodied in TIIERPOOL has been accepted by the 11uclear
Regulatory Commission on several dockets. The Code T11ERPOOL for
local temperature analyses includes the calculation of void

generations. The effect of void on the conservation equation, crud

layer in the clad, and the clad stress calculation when a void

exists, are all incorporated in TilERPOOL. The major inputs for the

local temperature analysis are given in Table 5.6.1.

5.7 Claddina Temeerature

The maximum specific power of a fuel array qA can be given by:

gg=qF (1)n

where:

F = radial peaking factorn
q = average fuel assembly specific power

The maximum temperature rise of pool water in the most

| disadvantageously placed fuel assembly is computed for all loading

| cases. 11aving determined the maximum local water temperature in
the pool, it is now possible to determine the maximum fuel cladding
temperature. A fuel rod can produce F, times the average heat

emission rate over a small length, where F, is the axial rod peaking

*
TIIERPOOL has been used in qualifying the spent fuel pool

reracking of over 20 projects, including Enrico Fermi Unit 2 (1980,
Quad Cities I and II (1981), Oyster Creek (1984), V.C. Summer
(1984), Rancho Seco (1983), Grand Gulf I (1985), Diablo Canyon I
and II (1986), St. Lucie Unit One (1987), Millstone Point Unit One
(1989) , liope Creek (1990) , TMI Unit One (1991) , and others,

i
,
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f acEor. The axial heat distribution in a rod is generally a maximum
in the central region, and tapers off at its two extremities. The

peaking factors used for the La Salle county Unit 1 spent fuel pool
are shown in Table 5.7.1.

It can be shown that the power distribution corresponding to the

chopped cosine power emission rate is given by

'

n (a + x)
q(x) = gr sin

1 + 2a ,

where:.

1: active fuel length

a: chopped length at both extremities in the power curve

x: axial coordinate with origin at the bottom of the active-

: fuel region

The value of a is given by

1z
a=

1 - 2z

! where:

"
1 1 1 2

+z= - -

n F, n p , p, ,22 2
4 g

where F, is the axial peaking f actor.

The cladding temperature T,.is governed by a third order
differential equation which has the form of

3 2d T - d T dT
+ a3 a2 = f (x)-

23dx dx dx

where a3, a2 and f(x) are functions of x, and fuel assembly

geometric properties. The solution of this differential equation

with appropriate boundary conditions provides the -fuel cladding

temperature and local water temperature profile. -'

5-11

__. - _ , _ . . . -. _ _ . . _ _ _ . _ . _ _ ._ __ _ _ _ - _ . - , _ - _ _



-

.

*
e w+

_ In drder to introduce some additional conservatism in the analysis,
Uwe assume that the fuel cladding has a crud deposit of .005 T-

sq.ft.-hr/ Btu crud resistance, which covers the er. tire surface.

5.8 Results

It is shown in the calculations that the decay heat load of the

"old" fuel assemblies in the pool (12 refueling betch-". of 256

10' Btu /hrassemblies per batch at 18 month cycles) is 4.81 4

during the final discharges specified in Section ~ ' '? h e 5.8.1.

gives the general input for the bulk pool temw sture analyses.

The maximum bulk pool temperature results are presented in Table

5.8.2. The time varying bulk pool temperatures and heat load in

the pool are plotted vs. time-af ter-shutdown in Figure 5. 8.1 to

5.8.4. It is shown from the analyses that the maximum bulk pool
temperature resulted from an emergency full core offload in 127.2*r

at 180 hours after-reactor-shutdown. The maximum hest load to the
cooling system is 37.83 x 10' Btu /hr. The maximum calculated
temperature is well below the, temperature guidelines for both
normal and abnormal conditions specified in the Standard Review

Plan, Section 9.1.3.

| The foregoing results for the bulk pool temperature were obtained
| assuming that the total flow rate of the spent fuel pool water

| through the two coolers is 6000 gpm. System flow calculations

| indicate, however, that the total flow rate is expected to be
~ ^

| limited to 5050 gpm. This decrease from the design basis flow rate

| is estimated to cause less than 12*F elevation of the maximum bulk
| pool temperature. Thus, referring to Table 5.8.2, the maximum pool
| water temperature will remain bounded by 140'F.

The loss-of-cooling events have been considered for the specified

discharge scenarios. The loss of all forced cooling _i.s assumed to

occur at both instants of peak heat load and peak pool temperature,

respectively. Table 5.8.3 summarizes the results of the time-to-
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boil and maximum evaporation rate. The calculated minimum time f rom
the loss of p,ool cooling until the pool boils ic 5.91 hours and the
maximum boil-off rate is 80.65 gpm, which is well below the

capacity of the Seismic Category I makeup water system for the

j spent fuel pool. It is estinted that the boiling interval period

| will be reduced by less than 10% due to the aforementioned

| reduction in the system flow rate.

Table 5.8.4 gives the results of the maximum local water

temperature and maximum local fuel cladding temperature for the

limiting discharge scenario (Case II). Calculations are performed

assuming non-blockage and 50% blockage, respectively. The blockage
is assumed to occur in the thermally limiting storage cell by e

horizontally placed (misplaced) fuel assembly. It in shown that

the calculated maximum local temperatures will not cause local

| nucleate boiling at any location in the racks. This conclusion
j remains valid even under the scenario of reduction in the system
j flow rate, which is estimated to elevate the local temperature in

| Table 5.8.4 by less than 15'F.

5.9 References for Section 5

5.5.1 Wang, Yu, " Heat Loss to the Ambient From Spent
Fuel Pools: Correlation of Theory with
Experiment", Holtec Report HI-90477, Rev. O,
April 3, 1990.

5.6.1 General Electric Corporation, R&D Data Books,
" Heat Transfer and Fluid Flow", 1974 and
updates.

5.6.2 Singh, K.P. et al., " Method for Computing the
Maximum Water Temperature in a Fuel Pool
Containing Spent Nuclear Fuel", Heat Transfer
Engineering, Vol. 7, No.1-2, pp. 72-82 (1986) .
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Table 5.4.1

DATA FOR DISCHARGE SCENARIOS

Number of assemblies in refueling batch 256

Number of. assemblies in full coret 764
,

Number of fuel pool coolers in parallo1: 2

~

Fuel normal exposure time, hrs.t 39420*

Fuel transfer rate, assemblies /hr.I 10

.

m

& W 4

a
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Table 5.6.1 )

DATA FOR LOCAL TEMPERATURE j

!

!

. Type of fuel assembly GE 8xs

!Fuel cladding outer diameter, inches' O.483

Fuel cladding inside diameter, inches ' O.419

Storage cell inside dimension, inches 6.05 3

Active fuel length, inches 150

Number of fuel rods / assembly . 62 |

| Operatiyg power per fuel assembly 14.864 f,

P, x 10 , Btu /hr
,

Cell pitch, inches 6.264
;

cell height, inches 167.75

Botton'haight', inches '

6.75-

Plenum radius, feet 26
,

.

'i

k

!

-

- -

O
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Table 5.7.1

Factor Value

Radial 1.60

Total 2.50

-

+ e +

e
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Table 5.8.1

FUEL SPECIFIC POWER AND Poob CAPACITY DATA

Net water volume of pool, f t.8 41780

Fuel pool thermal capacity,10' Btu /'F 2.5

Average operating power of a fuel assembly,
10' Btu /hr 14.864

Depay heat load of "old" discharges,
10 Btu /hr 4.81

| Coolant (W9) inlet temperature,,'F 95

Coolant (WS) flow rate, 10' lb/hr 2.0
'

i

t
.

|

..

:
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Table 5.8.2

SFP BULK POOL TDiPERATURE
<

Coincident Coincident Coincident
Maximum Tina After Heat Load Evaporation
Pool Reactor Shut- to,SFP Exs Hept Losses
Temp., 'F down, hrs. 10 Btu /hr 10 Btu /hr

Discharge
in case 1 126.5 180 36.80 0.150

.

Discharge
in Case 2 127.2 180 37.60 0.162

-

4

*

p W'

&
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Table 5.8.3

Time-to-Boil
(Hours) Maximum

Case (Without Make-up Evaporation
Number EgggIhg Water) Rate (GPM)

1A Loss-of-Cooling 6.10 78.88.,

at Max. Heat Load

1B Loss-of-Cooling 6.12 78.43
at Max. Pool Temperature .

2A -Loss-of-Cooling 5.91 80.65
at Max. Heat Load

2B Loss-of-Cooling 5.93 80.19
at Max. Pool Temperature

_
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Table 5.8.4

MAXIMUM LOCAL POOL WATER AND FUEL CLADDING TDiPERATURE
FOR THE LIMITING CASE (Case II)

i

Maximum Maximum
Local Local
Fool Fuel
Water Cladding
Temo., 'Y Tpmo., 'F

No Blockage 163.2 210.7

50% Blockage 169.0 215.1

_
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60 STRUCTURAL / SEISMIC CONSJDERATIONS .

6.1 Introduction

This section contains analyses to demonstrate structural adequacy
of the high density spent fuel rack design under seismic loadings
postulated for the plant spent fuel pool. Analyses and subsequent
evaluations are in compliance wit.h the requirements of the OT
Position Paper, Section IV [6.1.1], and follow the USNRC Standard
Review Plan (SRP) [6.1.2]. The dynamic analyses employ a

tf.me-history simulation code used in previous licensing efforts
listed in Table 6.1.1. 2nis section provides details of the method
of analysis, modeling assumptions, numerical convergence studius
and parametric evaluations performed to establish the required
margins of safety.

Results reported herein show that the high density spent fuel
racks are structurally and kinematically adequate to meet

requiremants defined in references [6.1.1], [6.1.2], and [6.1.3]

with large margins of safety.

6.2 Analysis Outline

A spent fuel rack is a seismic category I structure [6.2.1].
Furthe.n ore, it is a free-standing structure consisting of

discrete storage cells which are loaded with free-standing fuel
assembliec. At a result, the response of a rack module to seismic

complex combination ofinputs is . highly nonlinear" involving a

motions (sliding, rocking, twisting, and turning), resulting in
impacts and friction effects. Linear methods such as modal

analysis and response spectrum techniques cannot accurately

simulate t' s structural response of such a highly nonlinear

structure to seismic excitation. A correct simulation is obtained
only by direct integration of the nonlinear equations of motion

'

using actual pool slab acceleration time-histories to' provide the~

loading. Therefore, the initial step in spent fuel rack

6-1

- - __ __ -_. . _ .



f :
4

. ..
-

qualification in to develop synthetic time-histories f or three

orthogonal directions which comply with the guidelines of USNRC

SRP [6.1.2). In particular, the synthetic time-histories must meet

the criteria of statistical independence and enveloping of the

design response spectra.

As stated above, a free-standing spent fuel rack, subject to a

seismic loading, executes non-linear motions - even when isolated.
The motion of an array of closely spaced racks in the spent fuel

pool involves additional interactions due to fluid coupling

between adjacent racks and between racks and adjacent walls.

Further mechanical interactions between racks occur if rack-to-
rack impacts take place during the event. To demonstrate

structural qualification, it is required to show that stresses are

within allowable limits and that displacements remain within the
4

constraints of the contemplated design layout for the pool.

This implies that impacts between rack modules , if they occur,
must be confined to locations engineered for this purpose, such as

he baseplate edge and the top perimeter of the rack, above the;

; :tive Nuel region. Similarly, rack-to-pool wall impacts, if
,

.-aginee ed into the rack design, (not contemplated for these<

:acks) must be within stipu)ated limits. Accurate and reliable

assessment of the stress field and kinematic behavior of the rack
modules calls for a comprehensive and conservative dynamic model
which incorporates all key attributes of the actual structure.

This means that the model must feature the ability to execute

concurrent sliding, rocking, bending, twisting and other motion
forms available to the rack modules. Furthermore, the model must

possess the spability to effect the momentum transfers which
occur due to ratt11ag of the fuel assemblies inside the storage

cells and impacts of support pedestals on the bearing pads.

Finally, the contribution of the water mass in the interstitial
spaces around the rack modules and within storage cells must be

'

modeled in an accurate manner because erring in the quantification
_

6-2
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_ oi fluid coupling on either side of the actual value is no
guarantee of conservatism. The Coulomb friction coefficient at

the pedestal-to-pool liner (or bearing pad) interface may lie

within a rather wide range and a conservative value of friction

cannot be prescribed a' priori. In fact, a perusal of results of

rack dynamic analyses in numerous dockets (Table 6.1.1) indicate

that an upper bound value of. the coefficient of friction, y, often*

maximizes the computed rack displacements as well as the

equivalent elastostatic stresses. Further, the analysis must

consider that a rack module may be fully or partially loaded with

fuel assemblies or entirely empty. The pattern of loading in a

partially loaded rack may also have innumerable combinations. In

short, there are a large number of parameters with potential
influence on the rack motion. A comprehensive structural

evaluation should deal with all of these without sacrificing
conservatism.

The 3-D single rack dynamic model introduced by Holtec

International in the Enrico Fermi Unit Two rack project (ca. 1980)

and used in some twenty rerack projects since that time (Table

6.1.1) tackles the ebove mentioned array of parameters in a most

appropriate manner. The details of this classical methodology are

published in the permanent literature (6.2.2) and have been widely
replicated by other industry groups in recent years. Briefly

speaking, the single rack 3-D model handles the array of variables
as follows:

Interface Coefficient of Priction

I Parametric runs are made with Lpper bound and lower bound values
of the coefficient of friction. The limiting values are based on
experimental data.

Impact Phenomena

Compression-only gap elements are used to provide for opening and
closing of- interfaces spch as the pedestal-to-bearing pad

. interface. _-

.

4
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The fuel assemblies are conservatively assumed to rattle in unison
which obviously exaggerates the contribution of impact against the
cell wall. The different patterns of possible fuel assembly
loadings in the rack are simulated by orienting the center of
gravity column of the ansemblage of fuel assemblies with respect
of the module geometric centerline in an appropriate manner.

Fluid Coucling

The contribution of fluid coupling forces is ascertained by
prescribing the motion of the racks (edjacent to the one being
analyzed). The most commonly used assumption is that the adjacent
racks vibrate out-of-phase with respect to the rack being

analyzed.

Despite the above simplifying assumptions, targeted for accuracy
and conservatism, a large menu of cases is run to foster

confidence in the calculated safety margins. Most of the safety

analyses reported in the previous dockets (Table 6.1.1) over the
past decade have relied on a single rack 3-D model. From a

conceptual standpoint, all aspects of the 3-D single rack model
are satisfactory except for the fluid coupling effect. One

intuitively expects the relative motion of the free-standing racks
in the pool to be poorly correlated, given the random harmonics in
the impressed slab motion. Single rack analyses cannot model this
interactive behavior between racks. However, as described later,

analytical and experimental research in this field has permitted
rack analyses to be extended to all racks in the pool

simultaneously. Holtec International had successfully extended
Fritz's classical two body fluid coupling model to multiple bodies
and utilized it to perform the first two dimensional multi-rack
analysis (Diablo Canyon, ca. 1987). Subsequently, laboratory

experiments were conducted to validate the multi-rack fluid

coupling theory. This technology was incorporated in the computer
code DYNARACK which now can treat simultaneous simulation of all
racks in the pool. This development marked a pivotal expansion in
the rack structural modeling capability and was first utilized in
Chin Shan, Oyster Creek and Shearon Harris plants (6.2.3]. The
hole Pool Multi-Rack (WPMR) 3-D analyses have corroborated the
uncanny accuracy of the single rack 3-D solutions in predicting
the maximum structural stresses. The multi-rack analyses also
serve to improve predictions of rack kinematics.

In order to ensure utmost confidence in the results of structural
safety analyses, we present results for both single rack 3-D and
Whole_ Pool Multi-Rack (WPMR) 3-D analyses. The intent of e is
parallel approach is to foster added confidence and to uncov<t a7

peculiarities in the dynamic response which are _ germane o tl i

structural safety of the storage system.

6-4
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In the following, we summarize the sequence of model development -
and analysis steps that are undertaken. Subsequent subsections

; provide model detail, limiting critsria for stress and
' displacenent, and results of the analyses.

a. Prepare three-dime.nsional dynamic models of individual
fuel racks which embody all clastostatic characteristics
and structural nonlinearities of the plant specific
free-standing rack modules.e

b. Perform 3-D dynamic analyaes ou limiting module geometry
types (from all those present in the spent fuel pool)
and include various physical conditions (such as
coefficient of friction, extent of cells containing fuel
assemblies, and proximity of other racks).

c. Perform detailed stress analysis for the limiting case
of all the dynamic analysis runs made in the foregoing
steps. Demonstrate compliance with ASME Code Section
III, subsection NF [6.1.3] limits on stress and
displacement.

d. Calculate hydrodynamic mass contributions based on a
model of the whole pool which incorporates all of the
rack-to-rack and rack-to-wall spaces.- This fluid model
satisfies all required classical fluid mechanics
principles.

e. Prepare a whole pool multi-rack dynamic model which
includes all rack modules in the pool, and includes all
fluid coupling interactions among them, aic well as fluid
coupling interactions between racks and pool walls. -

This 3-D simulation is referred to as a Whole Pool
Multi-Rack (WPMR) model.

f. Perform 3-D Whole Pool Multi-Rack (WPMR) analyses to
demonstrate that all kinematic criteria for the spent
fuel rack modules .are satisfied, and that resultant
structure loads confirm the validity of the structural
qualification. The principal kinematic criteria are (i)
no rack-to-pool wall impact, and (ii) no rack-to-rack
impact in the cellular region of the racks.

.

&

4
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6I3 Artificial Time-Histories.

6.3.1 Time-History Generation *

Section 3.7.1 of the SRP [6.1.2) provides guidelines for

establishing seismic time-histories. Subsection 3.7.1.II.1.b gives
applicable criteria for generation of time-histories from design

'

response spectra.

A generated artificial time-history is acceptable if the response
spectrum in the free field at the specified level of the site,

obtained from the generated time-history, envelops the design

response spectrum at the same location for all damping values used

in the analysis.

The acceptance criterion for spectrum enveloping is that no more

than five points of the spectrum obtained from the time-history
fall below, and no more than 10% below, the design response

spectrum. The SRP states that an acceptable method of comparison
is to choose a set of frequencies such that each frequency is

within 10% of the previous one. The nature of the spent fuel rack

structure is such that primary response is to excitations above 5-

8 HZ. Within the 5-33HZ range, discrete check points are

established from the above 10% cciterion.

Generated artificial time-histories must also be statistically

independent. Any two time-histories are considered to be
statistically independent .if their normalized correlation

coefficient is less than 0.15.

Figures 6 . 3 .~ 1 6.3.6 show the three statistically independent-

synthetic time-histories generated at the pool slab level for two

conditions, denoted for the La Salle plant as Levels B and C

seismic conditions. 2% damping is associated with the Level B

(UCBV) event and 4% damping is used for the Level _ _C (FCBV) event
[6.3.1]. The notations UCBV and FCBV are those used by

6-6
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Commonwealth Edison in their Specification. The service Levels B and C
dynamic input motion po the pool end the racks have been obtained by
combining various SRV and LOCA spectra with the seismic OBE and SSE
in-structure spectra. Note that the Level B designation used at this
plant corresponds to Level B of [6.1.3) and that the Level C CECO
designation corresponds to Level D of [6.1.3). GENEQ [6.3.2] is used
to generate three synthetic, statistically independent time-histories

for two horizontal and the vertical directions, respectively, from the
given design response spectra. The comparisons of the original

response spectra and response spectra regenerated using the synthetic
time-histories are shown in Figures 6.3.7-6.3.9 for the Level B event,
and in Figures 6.3.10-6.3.12 for the Level C event. It is noted that

the time-histories satisfy all USNRC bounding requiremente and are
therefore inherently conservative.

The normalized correlation coefficients pij between time-histories i
and j are provided in Tables 6.3.1 and 6.3.2 and demonstrate

compliance with the statistical independence requirement for both the
CECO designated Level B (UCBV) and the CECO designated Level C (FCBV)
event.

The enveloping requirement on the derived spectra and statistical
noncoherence of artificial motions are satisfied.

6.3.2 Soil structure Interaction

In addition to the conservatism. built in the synthetic time-histories
described in the foregoing, the mother spectra themselves have a large
element of conservatism.

Se[smic soil structure interaction (SSI) has been an evolving state-
of-the-art during the last twenty years. The SSI analysis method used
for La Salle plant is consistent with the present methodology, except
that the control motion (seismic input motion in the free field) was

,
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assumed at the foundat.o'n level. The assumption was according to
the criteria given in the 'then.available edition of SRP 3.7.2.

It is currently recognized that the above definition of control
motion is a conservative criteria. During the NRC sponsored
Workshop on SSI at Bethesda in 1986 [6.3.3), the experts and the
panelists unanimously emphasized that the control motion should be
defined at the ground surface. This criteria was endorsed in the
ASCE Standard ASCE 4-86 [6.3.4] and also in the EPRI/NRC/TPC
Workshop on Seismic Soil-Structure-Interation Analysis Techniques
using data from Lotung, Taiwan, held at Palo Alto, California in
December 1987. Subsequently, SRP 3.7.1 and SRP 3.7.2, 1989,
adopted the control motion definition at the ground surface.

The La Salle soil site is such that if a surface definition of the
control motion is used in the SSI analysis, the foundation level
spectrum at the building's major contributing frequencies will be
lower than the foundation level design basis input spectrum. It

is conservatively estimated that this will result in about 25%

reduction in the building response, i.e., the design basis in-
structure response spectra are about 25% conservative.

The above estimate is based on the results of a study documented
in Figures Q 130.23-2 of Amendment 49, May 1980 of La Salle FSAR.
In response to NRC request, SSI analysis was also performed using
Compliance Function approach, in addition to design basis Finite
Element approach. By the time this study was done, it was

recognized that the control motion should be defined at the ground
surface, instead of the foundation level. Hence, in the Compliance
Function approach, the control motion was defined at the ground
surface (Plant grade level). Soil-properties variation was also

considered in this study. The above referred figures show that

the design basis spectral amplitudes at the building foundation,
for the predominant building frequencies, are about 30% to 50%

higher than the results obtained from Compliance Function

!
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- ahproach. From this comparison, it is conservatively estimated -
'

that the design basis in-structure response spectra have 25%
conservatism built into them.

6.4 Rack Modeline for Dynamic Simulations
6.4.1 General Remarks

.

Spent fuel storage racks are Seismic Class I equipment. They are
required to remain functional during and after a CECO designated
Level C (FCBV) event. The racks are free-standing; they are
neither anchored to the pool floor nor attached to the sidewalls.
Individual rack modules are not interconnected. Figure 6.4.1 shows
a pictorial view of a typical module. The baseplate extends beyond
the cellular region envelope ensuring that inter-rack impacts, if

| any occur at the baseplate level, occur in an area that is
j structurally qualifiable to withstand any large in-plane impact
| loads. Not shown in Figure 6.4.1 is an additional impact
| protection structure around the rack top (above the active fuel
| region) that is added to provide additional structure to where
| rack-to-rack impacts occur.

A rack may be completely loadad with fuel assemblies (which
corresponds to greatert total mass), or it may be completely
empty. The coefficient of friction, y, between pedestal supports
and pool floor in indsterminate. According to- Rabinowicz
[6.4.1], results of 199 testa performed on austenitic stainless
steel plates submerged in water show a mean value of p to be 0.503
with standard deviation of 0.125. Upper and lower bounds (based on
twice- standard deviation) are 0.753 and 0.253, respectively.
Analyses are' therefore performed for coefficient of friction

values of 0.2 (lower limit) and for 0.8 (upper limit), and for
random friction values clustered about a mean of 0.5. The bounding
values _of p = 0.2 and 0.8 have been found to bracket the upper
limit of module response in previous rerack projects.

.
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. Since free-standing rack's are not anchored to the pool slab, not _
attached .to the pool walls, and not interconnected, they can

execute a wide variety of motions. Racks may slide on the pool
floor, one or more rack support pedestals may momentarily tip and

lose contact with the floor slab liner, or racks may exhibit a

combination of sliding and tipping. The structural models
developed permit simulation of these kinematic events with

inherent built-in conservatisms. The rack models also include
components for simulation of potential inter-rack and rack-to-wall

impact phenomena. Lift-off of support pedestals and subsequent

liner impacts are modeled using impact (gap) elements, and Coulomb

. friction between rack and pool liner is simulated by piecewise

linear (friction) elements. Rack elasticity, relative to the rack

base, is included in the model with linear springs representing a

beam like action. These special attributes of rack dynamics
require strong emphasis on modeling of linear and nonlinear

springs, dampers, and compression only gap elements. The term
" nonlinear spring" is a generic term to denote the mathematical

element representing the case where restoring force is not

linearly proportional to displacen nt. In the fuel rack

simulations, the coulomb friction interface between rack support

pedestal and liner is typical of a nonlinear spring. The

mathematical development for these nonlinear springs is described,

in Ref. [6.4.2].
,

3-D dynamic analyses of single rack modules require a key modeling
assumption. This relates to location and relative motion of
neighboring racks. The gap between a peripheral rack and adjacent

pool wall is known, with motion of the wall prescribed. However,

another eack, adjacent to the rack being analyzed, is also free-

standing and subject to motion during a seismic event. To conduct

the seismic analysis of a given rack, its physical interface with

neighboring modules must be specified. The standard procedure in

analysis of a single rack module is that neighboring racks move
~~

180* out-of-phase in relation to the subject rack. Thus, the

6-10
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available gap before i'nter-rack impact occurs is 50% of the

physical gap. This " opposed phase motion" assumption increases
likelihood of intra-rack impacts and is thus <snservative.
However, it also increases the relative contribution of fluid
coupling, which depends on fluid gaps and elative movements of
bodies, making overall conservatism a less et rtain assertion. 3-

D Whole Pool Multi-Rack analysos carried ou- for Taiwan Power
Company's Chin Shan Station, and for GPU Nuclear's Oyeter Creek
Nuclear Station demonstrate that single rack simulations predict
smaller rack displacement during seismic responses. Nevertheless,
3-D analyses of single rack modules permit detailed evaluation of

stress fields, and serve as a benchmark check for the much more

involved, WPMR analysis.

Particulars of modeling details and assumptions for 3-D Single
Rack analysis and for Whole Pool Multi-Rack analysis are given in
the following subsections.

6.4.2 The 3-D 22 DOP Model for Sinole Rack Module
<

6.4.2.1 Assumntions

a. The fuel rack structure is very rigid; motion is
captured by modeling the rack as a twelve degree-
of-freedom structure. Movement of the rack
cross-section at any height is described by six ~

degrees-of-freedom of the rack base and six
degrees-of-freedom at the rack top. Rattling fuel
assemblies within the rack are modeled by five
lumped masses located at B, .75H, .5H, .25H, and at
the rack base (H is the rack height measured above
the baseplate). Each lumped fuel mass has two
horizontal displacement degrees-of-freedom.
Vertical motion of the fuel assembly mass is

* assumed equal to rack vertical motion at the
baseplate level. The centroid of each fuel assembly
mass can be located off center, relative to the
rack structure centroid at that level, to simulate
a partially loaded rack.

_
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b. Seismic motion of a-.
.

fuel rack is characterized by
o- random rattling of fuel assemblies in their

individual storage locations. All fuel assemblies
are assumed to move in-phase within a rack. This
exaggerates computed dynamic loading on the rack
structure and therefore yields conservative
results.

c. Fluid coupling between rack and fuel assemblies,-

and between rack and wall, is simulated by
appropriate inertial coupling in the system kinetic
energy. Inclusion of these effects uses the
methods of [6.4.3) and (6.4.4) for rack / assembly
coupling and for rack-to-rack coupling, -

respectively. Fluid coupling terms for rack-to-rack
coupling are based on opposed phase motion of
adjacent modules.

d. In the dynamic analysis of the spent fuel racks,
the damping due to fluid interaction is
conservatively neglected. That is, in the damping
matrix (C + Ch), where C is the structural damping
associated with the rack and Ch is the effective
damping due to velocity drag effects of water, Ch
is assumed to be zero.

The above assumption is reasonable for large gaps
between the racks. However, for very small gaps in
the case- of reracking this assumption is overly
conr.ervative . Both analytical and experimental
results show that for small gaps the damping is not
small. The damping is estimated to be more than
5%, for the gap dimensions of La Salle reracking. -

Hence, additional conservatism has been introduced
in the rack dynamic analysis by neglecting this

| damping effect. Because the hydrndynamic masses are
very large, the conservatisn introduced by
neglecting the damping due to f.uid interaction is
expected to be. substantial.

e. Sloshing is negligible at the top of the rack and
is neglected in the analysis of the rack.

f'. Potential impacts between rack and fuel assemblies
are accounted for by appropriate " compression only"
gap elements between masses involved. The possible
incidence of rack-to-wall or rack-to-rack impact is

~

simulated by gap elements at top and bottom of the
rack in two horizental directions. Bottom elements
are located at the baseplate elevation.

_
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- g. Pedestals' are modeled by gap elements in the -
vertical direction and as " rigid links" for
transferring horizontal stress. Each pede'stal
support is linked to the pool liner by two friction
springs. Local pedestal spring stiffness accounts
for floor elasticity and for local rack elasticityjust above the pedestal.

h. Rattling of fuel assemblies inside the storagelocations causes the gap between fuel assemblies
and cell wall to change from a maximum of twice the
nominal gap to a theoretical zero gap. Fluid
coupling coefficients are based on the nominal gap,
which too is known to produce conservative results
[6.4.3).

6.4.2.2 Model Details

Figure 6.4.2 shows a schematic of the model. Si (i 1,...,4)= <

represent support locations, pi represent absolute degrees-of-

freedom, and gi represent degrees-of-freedom relative to the slab. H

is the height of the rack above the baseplate. Not shown in Fig.
6.4.2 are gap elements used to model pedestal / liner impact locations
and impact ocations with adjacent racks.

"

Table 6.4.1 lists the degrees-of-freedom for the single rack model.
Translational and rotational degrees-of-freedom 1-6 and 17-22 describe
the rack motion; rattling fuel masses (nodes 1*, 2*, 3*, 4*, 5* in

Fig. 6.4.2) are described by translational degrees-of-freedom 7-16.
Ui(t) represents pool floor slab displacement seismic time-history.

Figures 6.4.3 and 6.4.4, respectively, show inter-rack impact springs
(to track potential _ for impact between racks or between rack and

wall), and fuel assembly / storage cell impact springs at one location
of rattling fuel assembly mass.

Figures 6.4.5, 6.4.6, and 6.4.7 show the degrees-of-freedom and the

modeling technique associated with rack elasticity. In each bending

plane a shear and bending spring simulate elastic effects [6.4.2).
,

-

Linear elastic springs coupling rack vertical and torsional degrees- ;

i

|
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_ of-freedom are: also included in the model. Additional details -
'

concerning fluid coupling-and determination of stiffness elements-

are provided below.

6.4.2.3 Fluid Couclina Details

The " fluid' coupling- effect" [6.4.3),[6.4.4) is described as-
follows: If one body (mass mi) vibrates adjacent to a second body
(mass m2 ), and both bodies are' submerged in frictionless fluid,
then Newton's equations of motion for the two bodies are:

. . .

X+M12 X2 = applied forces on mass mi + 0 (X12)(mi_+ Mll) 1

. . ...

2M21 X1 + (m2 + H22) X2 * applied forces on mass m2 + 0 (X2)

- la X2 denote Tbsolute accelerations of masses m1 and m2t
2respectively, and the notation O(X ) denotes nonlinear terms.

|

M11, M12r M21, . and M22 are fluid coupling coefficients which

depend - on body shape, relative -- disposition, etc. Fritz [6.4.4)

gives data for Mij for various body shapes.and arrangements.-The-
fluid adds mass to c the body (M11 - to mass mi), and an external
force proportional to-acceleration of the' adjacent body-(mass m2)*
Thus, acceleration of one body affects the force field on another.-

This -force - field is a function of interbody gap, reaching large
~

values for-small gaps. Lateral motion of a fuel assembly inside a-

storage location encounters this effect. For example, fluid-

coupling is between nodes 2 and 2* in Figure ' 6.4.2. The rack

analysis also contains inertial fluid coupling- terms which model-

the effect ~ of- fluid in the gaps between adjacent racks. Terms

modeling effects of . fluid flowing between adjacent racks are

computed assuming _ that all racks adjacent - - to the - rack- being .
0

- out of phase from the rack _ being -analyzed- are- vibrating 180

analyzed. Thus, the modeled rack is enclosed by a hydrodynamic

mass computed as if there were a plane of symmetry located in the
. ._

e
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- middle of the gap region'. Rack-to-rack gap elements (Figure 6. 4. 3 ) -
have initial gaps set to 50% of the physical gap to reflect this
symmetry.

6.4.2.4 Stiffness Element Details.

'

The cartesian coordinate system associated with the rack has the

following nomenclature

x = Borizontal coordinate along the short direction of
~rack rectangular planform

y = Horizontal coordinate along the long direction of the
rack rectangular planform

= Vertical coordinate upward from the rack basez

Table 6.4.2 lists all spring elements used in the 3-D 22 DOF
single rack model.

If the simulation model is restricted to two dimensions (one
horizontal motion plus vertical motion, for example), igr the
nurnoses of model clarification only, then a descriptive model of
the simulated structure which includes gap and friction elements
is shown in Figure 6.4.8. This simpler model is used to elaborate

_

on the various stiffness modeling elements.

Gap elements modeling impacts between fuel assemblies and rack

have local stiffness KI in Figure 6.4.8. In Table 6.4.2, for

example, gap elements 5 throucjh 8 act on the rattling fuel mass at
the rack top. Support pedestal spring rates Ks are modeled by
elements 1 through 4 in Table 6.4.2. Local compliance of the

concrete floor is included in Ks. Friction elements 2 plus 8 and 4
plus 6 in Table 6.4.2 are shown in Figure 6.4.8. Friction at
support / liner interface is modeled by the piecewise linear

friction springs with suitably large stiffness Kf up to the

limiting-lateral load, pN, where N is the current compression load
at the interface between support and liner. At every time step

6-15
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during transient analysis, the current value of N (either zero if
the pedestal has lifted-off the liner, or a compressive finite

value) is computed. Finally, support rotational friction springs
KR may-be included to reflect any rotational restraint that may be
offered by the foundation. The rotational friction spring rate is

calculated using a modified Bousinesq equation (6.4.2] and is
included to simulate resistive moment by the slab to counteract

rotation of the rack pedestal in a vertical plane. The
nonlinearity of these springs (friction elements 9, 11, 13, and 15 |

in Table 6.4.2) reflects the edging limitation imposed on the base |

of the rack support pedestals and the shift in location of slab

resistive load as the rack pedestal rotates.

The gap element Ks, modeling the effective compression stiffness I

of the structure in the vicinity of the support, includes

stiffness of the pedestal, local stiffness of the underlying pool j
lslab, and local stiffness of the rack cellular structure above the

pedestal. |

The previous discussion is limited to a 2-D model solely for

simplicity. Actual analyses incorporate 3-D motions and include

all stiffness elements listed in Table 6.4.2.

6.4.3 Phole Pool Multi-Rack (WPMR) Model
6.4.3.1 General Remarks

The single rack 3-D (22 DOF). model outlined in the preceding

subsection is used to evaluate structural integrity, physical

stability, and to initially assess kinematic compliance (no rack-

to-rack impact in the cellular region) of the rack modules.

Prescribing the motion of the racks adjacent to the module being

analyzed is an assumption in the single rack simulations. For

closely spaced racks, demonstration of kinematic compliance is

further confirmed by_ modeling all modules in one comprehensive

simulation using a Whole Pool Multi-Rack (WPMR) model. In WPMR
;

/
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analysis, all racks are modeled, and their correct fluid

interaction is included in the model.

6.4.3.2 Whole Pool Fluid Coupling

The presence of fluid moving in the narrow gaps between racks and
between racks and pool walla causes both near and far field fluid

coupling effects. A single rack simulation can effectively include
only hydrodynamic effects due to contiguous racks when a certain
set of assumptions is used for the motion of contiguous racks. In

a Whole Pool Multi-Rach analysis, far field fluid coupling effects
of all racks are accounted for using the correct model of pool
fluid mechanics. The external hydrodynamic mass due to the
presence of walls or adjacent racks is computed in a manner

consistent with fundamental fluid mechanics principles [6.4.5)
using conservative nominal fluid gaps in the pool at the beginning
of the seismic event. Verification of the computed hydrodynamic
effect by comparison with experiments is also provided in [6.4.5).
This formulation has been reviewed and approved by the Nuclear
Regulatory Com:nission during post-licensing multi-rack analyses
for the Diablo Canyon Unit I and II reracking project. The fluid

flow model used to obtain the whole pool hydrodynamic effect
reflects actual gaps and rack locations. ~

6.4.3.3 Coefficients of Friction

To eliminate the last significant element of uncertainty in rack
dynamic analyses, the friction coefficient is ascribed to the

support pedestal / pool bearing pad interface coasistent with

Rabinowicz 's data [6.4.1). Friction coefficients, developed by a
random number generator with Gaussian normal distribution

characteristics, are imposed on each pedestal of each rack in the
pool. .The assigned values are then held constant during the

-

e
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entire simulation in order to obtain reproducible results.* Thus,
the WPHR analysis can simulate the effect of different
coefficients of friction at adjacent rack pedestals.

6.4.3.4 Modeline Details
e

Figure 6.4.9 shnws a planform view of the spent fuel pool which
includes rack and pedestal numbering scheme and the global
coordinate system used for the WPMR analysis. Tables 2.1.2 and --

2.1.3 give distalls on number of cells per rack, and on rack
weights. In Whole Pool Multi-Rack analysis, each rack structure,
together with contained fuel, is modeled as an eight degree-of-
freedom system. Six degrees-of-freedom model the rack behavior and
two degrees-of-freedom model the behavior of the rattling fuel.
The podion of fuel assumed to rattle is chosen so as to match
displacement maximum values predicted from a 22 DOF single rack
analysis of the same configuration.

The Whole Pool Multi-Rack model includes gap elements representing
compression only pedestals, representing impact potential at fuel
assembly-fuel rack interfaces, and at rack-to-rack or rack-to-wall
locations at top and bottom corners of each rack module. Each
pedestal has two friction elements associated with force in the
vertical compression element. Values used for spring constants for
the various stiffness elements reflect values used in the single
rack analyses. For any given fuel pool loading

*
Note that DYNARACK has the capability to change thecoefficient of friction at any pedestal at each instant of
contact based on a random reading of the PC-clock cycle.
However, exercising this option would yield results that
could not-be reproduced. Therefore, the random choice of
coefficients is made only once per run. --

_
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_ c6nfiguration, a WPMR analysis yields time-histories of the motion.
of each. rack, time-histories of the loads transmitted to the spent
fuel pool slab, and time-histories of the hydrodynamic pressures
applied to the walls.

6.5 87centance Criteria. Stress Limits. and Material
JJpoerties

6.5.1 Accentance criteria

There are two sets of criteria to be satisfied by the rack
modules:

a. Kinematic Criteria

The rack must be a physically stable structure and it
must be demonstrated that there are no inter-rackimpacts in the active fuel region of the cellular
structure. The criteria for physical stability is that
an isolated rack in water exhibit no overturning
tendency when a seismic event of magnitude 1.1 x Faulted
condition event is applied [6.1.2].
b. Stress Limit Criteria

Stress limits must .not be exceeded under certain loadcombinations. The following loading combinations are
applicable [6.1.3] for La Salle Unit 1.

Loadino Combination Service Level
D+L Level A
D+L+To
D+L+To+E
D.+ L + Ta + E Level B
D + L + To + Pf

D + L + Ta + E' Faulted condition
D+L+Fa (maintain functional

capability)

Abbreviations are those used in Section 3.8.4 of the
Standard Review Plan and the " Review and Acceptance of
Spent Fuel Storage and Handling Applications" section:
D Dead weight-induced internal moments

=
- (including fuel assembly weight)

..

,

e
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. L Live Load (not applicable for the fuel rack,'=

since there are no moving objects in the rack*

load path).

Fd = Force caused by the accidental drop of the
heaviest load from the maximum possible height(see Chapter 7 of this report).

Pg Upward force on the racks caused by postulated=

stuck fuel assembly (see Chapter 7).
E CECO designated UCBV Event=

E' Ceco designated FCBV Event=

To Differential temperature induced loads (normal=

operating or shutdown condition based on the
most critical transient or steady state
condition).

Ta Differential temperature induced loads (the
=

highest temperature associated with the
postulated abnormal design conditions).

Ta and To cause local thermal stresses to be produced. For fuel
rack analysis, only one scenario need be examined. The worst
situation is obtained when an isolated storage location has a fuel
assembly generating heat at maximum postulated rate and
surrounding storage. locations contain no fuel. Heated water makes
unobstructed contact with the inside of the storage walls, thereby
producing maximum possible temperature difference between adjacent
cells. Secondary stresses produced are limited to the body of the
rack; that is, support pedestals do not experience secondary
(thermal) stresses. For rack qualification, To, Ta are the same.

.

6.5.2 Stress Limits for various conditions

Stress limite are derived from the ASME Code, Section III,
Subsection NF [6.1.3]. Parameters and terminology are in
accordance with the ASME Code.

_

e -

m
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. . 61.2.1 Mor=al =ad unee~t conditions (Level A or Level-B) ,

.- a. -Allowable stress in tension on a not section-is
.

'

Ft = 0.6 Sy (Sy = yield stress at-temperature)
-(Ft is equivalent to primary membrane stress)

b. Allowable stress in shear on e not asetion is:
*

Fy = .4 Sy

c. Allowable stress in compression on a net section

._

(kl)2 2 -

$

1- /2Ce Sy

Fa "
5 kl kl 3 3| '

{{ ) + [3 ( )-/8Cc] - [( ) /8C e ]}
3 r r

wheret
2(2n EI

Cc " I
sy

1 = unsupported = length of component

k = length coefficient which gives influence
.

of-boundary conditions; e.g.
*

k = 1 (simple support both ends)-

= 2-(cantilever beam)
~

= 1/2 (clamped at both ends)

E = Young's Modulus

r = radius of gyration of component

kl/r for the main- rack . body is based on - the full-
height and cross section_of the honeycomb region.+

-

d. Maximum allowable bending stress.at the - outermost
fiber ' of. a net section, due to flexure about one-

,

plane of symmetry is
.

Fb_= 0.60 Sy
(equivalent to primary bending) -

.

& '

N21 -l
*

1
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Combined-21exure and' compression on a net section ~- " e.-
satisfies:,

fa .Cmx f x C fb my by+ + s1
Fa. DxF x DFy byb

where:

fa Direct compressive stress in .the
=

section
fx Maximum . flexural stress along x-

,

b =

axis

fby Maximum flexural stress along y-
=

~

axis

Cmx = Cay = 0.85

fa
Dx=1- --

I'ex

fa~
Dy=1-

F'ey
2 E12 n

P'ex, y =
kl 2

23 ( ) _

r x,y

-and subscripts x,y reflect the particular bending
plane.

.f. Combined flexure and compression (or tension) on a
net section:

-f a fx 'fbyb
- + + s1

0.6S Px Fbyby .-

The above requirements are to be met for both
direct tension or compression.

.

e e=

9
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6[5.2.2 Faulted Condition _=_ Service ~ Limits
^

Section F-1370 (ASME Section III, Appendix F), states that limits
for the Faulted condition are the minimum of 1.2 (S /F ) ory t

(0.7Su/F ) times the corresponding limits for the Level At

condition. Su is ultimate tensile stress at the specified rack
design temperature. For example, if the material is such that
1.2S is less than 0.75u, then the multiplier on the Level Ay

] limits, to obtain Faulted limits, is 2.0.
_

6.5.2.3 Dianensionless Stress Factors

Stress results are presented in dimensionless form. Dimensionless
stress factors are defined as the ratio of the actual developed
stress to the specified limiting value. Stress factors are only
developed for the single rack analyses. The limiting value of each
stress factor is 1.0 for the UCBV event and 2.0 (or less) for the
Level FCBV (Faulted condition) event. Stress factors reported are:

R1 Ratio of direct tensile or comnressive stress on a=

net section to its allowable value (note pedestals
only resist compression.

R2 Ratio of gross shear on a net section in the x-
=

-

direction to its allowable value.
R3 natio of maximum bending stress due to bending=

about the x-axis to its allowable value for the
section.

R4 Ratio of maximum bending stress due to bending=

about the y-axis to its allowable value for the
section.

R5 Combined flexure and compressive factor (as defined=

in 6.5.2.le above)
R6 Combined flexure and tension (or compression)=

factor (as defined in 6.5.2.lf)
R7 Ratio of gross shear on a net section in the y-=

direction to its allowable value.

|
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- 6$5.3 Material Prone'rties -

Physical properties of the rack and support materials, obtained
from the ASME Boiler & Pressure Vessel Code, Section III,

appendices, are listed in Table 6.5.1. Maximum pool bulk
temperature is less than 200*F; this is used as the reference

,

design temperature for evaluation of material properties. Stress
limits for Levels A and Faulted, corresponding to conditions in
Section 6.5.7 above, are evaluated using given yield strength
data.

6.6 Governina Ecuations of Motion

Using the structural model for either a 22 DOF single rack

analysis, or for the entire set of fuel racks that comprise a
Whole Pool Multi-Rack model, equations of motion corresponding to
each degree of freedom are obtained using Lagrange's Formulation
[6.6.1). The system kinetic energy includes contributions from

solid structures and from trapped and surrounding fluid. The final
system of equations obtained have the matrix form:

[M) (q"} = {Q) + {G)

where:
[M) total mass matrix (including structural and-

fluid mase contributions);

{q) the nodal displacement vector relative to the-

pool slab. displacement; (double prime stands
for second derivatives with respect to time);

{G} a vector dependent on the given ground-

. acceleration;

{Q} a vector dependent on the spring forces-

, (linear and nonlinear) and the coupling
between degrees-of-freedom

The equations can be rewritten as:
I -

{q"} = [M)~1 {Q) + [H]-1 {G} -
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This equation set is mass uncoupled, displacement coupled at each
instant in time; numerical solution uses a central difference
scheme built into the proprietary, computer program "DUIARACK"
(6.6.2 - 6.6.5). As indicated earlier, this program has been used
in the licensing effort for a considerable number of reracking
projects.

DUIARACK has been validated against exact solutions, experimental
data, and solutions obtained using alternate numerical schemes

I

(6.6.5). These solutions are chosen to exercise all features of -

DDIARACK. It is demonstrated there that well known classical '

nonlinear phenomena (subharmonic resonance, bifurcation, stick-
slip) can be reproduced using DntARACK.

The application of DDIARACK to the spent fuel rack analysis

requires the establishment of a time step to ensure convergence
and stability of the results. DntARACK utilizes the classical
central difference algorithm (6.4.2). Stability of the results is

assured as long as the time step is significantly below the
smallest period of the equivalent linear problem. Convergence is

cbtained by performing a series of rack analyses with different
time steps to ascertain the upper limit on time step that will
provide converged results. This is done by taking a typical rack ~

module and subjecting it to the given time-histories using
different integration time steps. Once an appropriate time step
is determined, it is used in subsequent simulations.

Results of the dynamic simulations are time-history responee of
all degrees-of-freedom of the particular model, and of all forces
and moments 'at important sections of the structure. From these
results, maximum movements and stresses can be ascertained for the
event, and appropriate .:. oructural qualifications can be carried
out. Where required, DDIARACK automatically tracks maximum values
of dimensionless factors R1 to R7 defined above in Section 6.5,
and reports results for the entire rack cross section just above
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- - the baseplate-and for each pedestal cross section just below the -
baseplate. These are the critical sections which historically
develop the highest stresses due to the geometry of a fuel rack
structure. From the archived results, time-histories of all rack- '

to-rack fluid gaps, all rack-to-wall fluid gaps, and motion of any
point on any rack can be generated. Sections 6.7 and 6.8 presents
results obtained from single and multi-rack analyses,
respectively. The results damonstrate satisfaction of all

requirements on structure and kinematic integrity.
~

6.7 Results of 3-D Nonlinear Analyses of Sincle Rada

This section focuses on results from all 3-D single rack analyses.
In the following section, we will present results from the whole
pool multi-rack analysis and discuss the similarities and
differences between single and multi-rack analysis.

A summary of results of all analyses performed for racks in the
pool, using a single rack model, is presented in summary Tables -

6.7.1 6.7.38. Table 6.7.1 lists all runs carried out. Table
-

6.7.2 presents the bounding results from all runs, and Tables

6.7.3 - 6.7.38 give details for each run. Analyses are carried out
for different coefficients of friction, rack geometries, and fuel
loading patterns. Analyses are also performed assuming channelled
or unchannelled fuel. The assumption of channelled fuel increases

the effective fuel weight, decreases the nominal cell vall-to-fuel
assembly spacing, and adds additional elastic spring elements to
model the bending stiffness of the channel. The choice of single
rack simulations encompasses the heaviest rack, the rack with
maximum moment of inertia differences in the two horizontal
directions, and racks with larger than nominni surrounding water
gaps. The tabular results for each run give maximax (maximum in
time and in space) values of stress factors at important locctions
in the rack. Results are given for maximum rack _ displacements
(see Section 6.4.2.2 for x,y orientation), maximum impact forces

1
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aY pedestal-liner interface, and rack cell-to-fuel, rack-to-rack,
and rack-to-wall impact forces. .It is shown that no rack-to-rack

| or rack-to-wall impacts occur in the active fuel region of the
| cellular structure. In the single rack analysis, kinematic

criteria are checked by confirming that no inter-rack gcp elements
at the top of the rack close (see Figure 6.4.3). By virtue of the

syr. metry assumption discussed in subsection 6.4.2.4, impact is.

likely to occur if the local horizontal displacement exceeds 50%
of the actual rack-to-rack gap.

-

structural integrity at various rack sections is considered by
'

computing the appropriate stress factors Ri. Results corresponding
to the FCBV event yield the highest stress factors. Limiting
stress factors for pedestals are at the upper section of the

support and are to be compared with the bounding value of 1.0
(UCBV) or 2.0 (FCBV). Stress factors for the lower portion of the
support are not limiting and are not reported. From Table 6.7.2,

all stress factors are below the allowable limits. Note that only

Faulted condition (FCBV) analyses are reported since the resulting
stress factors also meet the Level B (UCBV) requirements.

o

Overturning has also been considered. A multiplier of 1.5 on FCBV
horizontal earthquakes (more conservative than required by the -

USNRC Standard Review Plan) is applied to an isolated rack and the
predicted displacements examined. Horizontal displacements do not
grow to such an extent as to imply any possibility for
overturning.

Additional investigation of important structural items is carried
out and results are summarized in Table 6.7.39. A discussion of
thase items follows:

-

4

W
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6I7.1.1 Imonet Analysei -
-

.

a. Ignact Leadino Between Fuel Assembly and Cell Wall

Local cell wall integrity is conservativelyestimated from peak impact loads. Plastic analysisin used to obtain the limiting impact load. Table
6.7.39 gives the limiting impact load and compares
the limit with the highest value obtained from any
of the single rack analyses. The limiting load is
much greater than the load obtained from any of the
simulations reported in Tables 6.7.1 6.7.38.-

This limiting load is based on the cell wall. The
actual impact loads, when :onsidered as loads -

applied to the fuel assembly structure, are much
lower than the load limits imposed by the fuel
manufacturer.

b. Innacts Between Adjacent Racks

No non-zero impact loads are found for the rack-
to-wall elements, it is concluded that no impacts
between racks and walls are likely to occur during
a seismic event. This is confirmed by the Whole
Pool Multi-Rack analysis results in Section 6.8.
Because of the closely spaced racks, impact
protection is provided at the top corner of racks
at potential impact sites. While the nominal rack-
to-rack gap is used for calculation of hydrodynamic
effects, the gap elements at the corners of the
rack reflect the actual smaller gaps that are
present at the top corners and at tr baseplate
level. These impact protection hard points ensure
that impacts, it they occur, will be above or below
the active fuel region. The results of the single
rack analyses, using the opposed phase motion of
adjacent racks, indicates that some rack-to-rack
impacts are to be expected. The whole pool
analysis confirms this. The design of these impact
protection cites is based on the highest .

anticipated impact force from prt ant and future
fue2. loading scenarios and limits the local stress
in the cell wall near the impact protection site to
prevent buckling.

_

e m

e
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6.7.1.2 Reid stresses -

.

Wald locations subjected to significant seismic loading are at the
bottom of the tack at the baseplate-to-cell connection, at the top
of the pedestal support at she baseplate connection, and at cell- '

to-cell connr.ctions. Results from dynamle aislyses of single
rocks are surveyed and maximum loading used to qualify the welds.

a. Baseolate-to-Rack Cell Welds and Basenlate-to-PedestalWelds

Reference (6.1.3) (ASME Code Section III, Subsection NF)
permits, for the CECO Faulted condition (FCBV) event, an
allowable weld stress r = .42 Su. A comparison of this
allowable value with the highest weld stress predicted
is given in Table 6.7.39. The highest predicted weld
stress is less than the allowable weld stress value.

|

The weld between baseplate and support pedestal ischecked using limit analysi.J techniques 6.7.1). The
consi(dered safestructural weld at that location is if

the interaction curve between net force and moment issuch that

G ** Function (F/F ,H/H ) < 1.0y y
F, H are the limit load and moment under direct loadobly [nd dirr9t moment only. These values depend on the
configuratiors and on material yield strengths. F, H are
absolute values of actual force and moments applied to
the weld section. The calculated value of G for the
pedestal / baseplate veld is presented in Table 6.7.39 and
is less than the limit value of . 0. This calculated
value is conservatively based on instantaneous peak

4

loading, and reflects results obtained from both singleand nulti-rack analyses.
i b. Cell-to-Cell Welds

call-to-cell connections are made by fillet welds along
| the cell height. A total of 33" of lineal 1/16* fillet

|
weld in a maximum of seven connecting bars connect eacn
cell with its adjacent cell. Stresses in storage cell to

| storage cell welds develop along the length due to fuel' ~

assembly impact with the cell wall. This occurs if fuel
assemblies in adjacent cells are moving -out of phase
with one another so that impact loads in.two adjacent

6-29
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cells are in opposite directions; this tends to separate
the two, cells from each other at the weld. Table 6.7.39
gives results for the maximum allowable load that can be
transferred by these welds based on the available weld
area. An upper bound on the load required to be
transferred is also given in Table 6.7.39 and is less
than the allowable load. This upper bound value is
obtained by using the highest rack-to-funl impact load
from Table 6.7.2 (for any simulation), and multiplying'

the result by 2 (assuming that two impact locations are
supported by every weld connection) . Table 6.7.39 also
reports the stress in the lowest connecting bar which
develops due to the baseplate gross shear force. ,

6.8 Results from Whole Pool Multi-Rack Analyses

'
,

Tables 6.8.1 - 6.8.2 show maximum corner absolute displacements at
both the top and bottom of each rack in global x and y directions
(refer to Fig. 6.4.9) from two multi-rack runs. A random set of

1. tion coefficients in the range of 0.2 - 0.8 with mean value of
0.5 are used. The input loadings are the governing earthquake
time-histories for Level C (UCBV), and for Level B (FCBV),
respectively. The maximum absolute displacement values are higher
than those obtained from single rack analysis. Thus, it appears

essential to perform Whole Pool Hulti-Rack analyses to verify that
racks do not impact or hit the wall.

Figures 6.8.1 - 6.8.5 show the time-histories of rack-to-rack and

rack-to-wall gaps at typical locations (see Figure 6.4.9 for

locations). A survey of all rack-to-wall impact elements confirms
that there are no rack-to-wall impacts. Figures 6.8.3 - 6.8.5 show

| typical gap time-histories around the wall. Figures 6.8.1 and
6.8.2 show typical rack-to-rack gap time-histories. The presence
of negative gaps is an indication of inter-rack impact at the top
corners. The maximum impact force values predicted by these impact
springs serves to size the impact protection plate. No real

physical meaning, other tl.an showing that the i.ipact has occurred,*

should be ascribed to the actual value of- - the negative
,

displacement. '

r
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Tables 6. b . 4 - 6. 8. 5 pre'sent peak pedestal compressive loads for
all pedestals in the pool for each of the two WPMR analyses (see.

Figure 6.4.9 fu pedestal locations). In addition to a report of
maximum pedestal loads, the time-history of each pedestal load
vector for each rack is archived for future use, if necessary.
Note that the maximum pedestal vertical load is 217500 lb. for
Rack 19. This is higher than the maximum load predicted from the

| single rack analyses. However, the conclusions concerning rack
structural integrity remain unchanged.

The Whole Pool Hulti-Rack analyses confirms that no new concerns
are identified; overall structural integrity is evaluated using
-the limiting loadings from either whole pool or from single rack
analyses.,

| In view of ths large margin of safety both in respect of stresses
| and displacements in the LSCS Unit I racks, CECO has determined
| that it is feasiale to mount a work table on top of a fuel rack
| module to provide a working w rface for underwater operation, such
| as LPRM cutting and for storage of miscellaneous items.,

| Preliminary estimates show that such a table, qualified to a
| maximum gross load of 4 tons, can be designed for installation on
| certain' rack modules. In the event that CECO decides to implement
| such -a modification the appropriate safety evaluation in

| accordance with the provisions of 10CFR50:59, will be made with
| special emphasis on structural compliance.

6.9 Bearine Pad _ Analysis

To protect the slab from high localized dynamic loadings, 15"x15"
(minimum) bearing pads are placed between the pedestal base and
the slab. Fuel rack pedestals impact on these bearing pads during .
a seismic event and pedestal loading is transferred to the liner.
Bearing pad dimensions are set to ensure that the av.erage pressure
on n alab surf ace due to a static load plus a dynamic impact
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load does not exceed the'American Concrete Institute [6.9.1) limit
. on bearing pressures. Pedestal locations are set to avoid

overloading of leak chase regions under the slab ~. Time-history
22results from dynamic simulations for each pedestal are used to
generate appropriate static and dynamic pedestal loads which are
then used to develop the bearing pad size.

,

Section 10 of [6.9.1) gives the design bearing strength .;

fb = ( (.85 fe') E

where & = .7 and fe' is the specified concrete strength for the
spent fuel pool. E 1 except when the supporting surface in=

wider on all sides than the loaded area. In that case, E =

-(A2/A )*5, but not more than 2. Al is the actual loaded area, and1

A2 in an area greater than Al and is defined in [6.9.1). Using a
value of E> 1 includes credit for the confining effect of the
surrounding concrete.

Bearing p da are sized so as to provide sufficient margin on
average bearing pressure. Table 6.9.1 summarizes the limiting
result. Rack pedestal placement is such that no bearing pads
encroach on an existing leak chase. The result presented in Table
6.8.1 conaervatively reflects the instantanerts peak pedestal
load. In reality, the ACI code limits shouid M applied using
some lower " effective static load defined by a time-averaging of
the dynaanic load. Thus, our result has additional conservatism.

6.10 References for Section 6

(6.1.1) "OT Position for Review and Acceptance of Spent Fuel
Storage and Bandling Applications", dated April 14,
1978, and January 18, 1979 amendment thereto.

[ 6.1. 2 ]. USNRC Standard Review Plan, NUREG-0800 (1981).

[6.1.3] ASME Boiler t. Pressure Vessel Code, Section III,
Subsection NF, appendices (1989).

,
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- Table 6.1.1

LISTING OF PLANTS WHERE DYNARACK WAS APPLIED

PLANT DOCKET NO_._

Enrico Fermi Unit 2 US!IRC 50-341

Quad Cities 1 and 2 USNRC 50-254, 50-265

Rancho Seco USNRC 50-312

Grand-Gulf Unit 1 USNRC 50-416

Oyster Creek USNRC 50-219

Pilgrim Unit I~ USNRC 50-293

V.C. Summer USHRC 50-395

Diablo Canyon Units 1 and 2 USNRC 50-275, 50-323

B;rron Units 1 & 2 USNRC 50-454, 50-455

B aidwood Units 1 & 2 USNRC 50a456, 50-457

Vogtle Unit 2 USNRC 50-425

St. Lucie Unit 1 USNRC 50-335

Mil stone Point Unit 1 USNRC 50-245
_

D.C -Cook Units 1 & 2 USNRC 50-315, 50-316

Ind.an Point Unit 2 USNRC 50-247

Thrse Mile Island Unit 1 USNRC 50-289

J.L. FitzPatrick USNRC 50-333

Shearon Harris Unit 2 USNRC 50-401
'

Kuosheng Units 1 & 2 Taiwan Power Company

Chin Shan Units 1 & 2 Taiwan Power Company

Ulchin_ Unit 2 Korea Electric Power
Laguna Verde Units 1 & 2 Comision Federal-de

Electricidad .

Zion Station Units 1 & 2 USNRC 50-295,5d-304
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Table 6.3.1

CROSS-CORRELATION COEFFICIENTS OF THE SYNTHETIC,

LEVEL B ACCELERATION TIME-HISTORIES FOR
LA SALLE UNIT 1 SPENT FUEL POOL SLAB

RESULTS OF COEFFICIENT OF CORRELATION
-

DATA 1 TO DATA 2 = -2.839259E-02
DATA 1 TO DATA 3 = -2.139747E-02
DATA 2 TO DATA 3 = -3.526679E-02 ,

NOTE: DATA 1 LEVEL B SEISHIC ACCELERATION TIME-HISTORY IN
N-S DIRECTIOli .

DATA 2 LEVEL B SEISMIC ACCELERATION TIME-HISTORY IN
E-W DIRECTION

.

DATA 3t LEVEL B SEISMIC ACCELERATION TIME-HISTORY IN
VERTICAL DIRECTION

-

e4

w
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Table 6.3.2

CROSS-CORRELATION COEFFICIENTS OF THE SYNTHETIC
LEVEL C ACCELERATION TIME-HISTORIES FOR

LA SALLE UNIT 1 SPENT FUEL POOL SLAB

'RESULTS OF COEFFICIENT OF CORRELATION

DATA 1 TO DATA 2 = -4.453371E-02
DATA 1 TO DATA 3 = -1.967042E-02
DATA 2 TO DATA 3 = ~4.879382E-03

NOTE: DATA 1 LEVEL C SEISMIC ACCELERATION TIME-HISTORY IN
N-S DIRECTION

,

DATA 2 LEVEL C SEISMIC ACCELERATION JIME-HISTORY IN
E-W DIRECTION '

DATA 3: LEVEL C SEISMIC ACCELERATION TIME-DISTORY IN
VERTICAL DIRECTION

.

e

w

9' 9W
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Table 6.4.1

DEGREES-OF-FREEDOM

1
Displacement Rotation

Location Ux U U 0x O 0y z y 2
(Node)

1 P1 P2 P3 94 95 96

2 P17 PIB P19 q20 921 922

Point 2 is assumed attached to rigid rack at
the. top most point.

2* P7 PB

3* pg pio
.

4* Pil P12

5* pl3 p14

1* P15 P16

where

pi qi(t) + U (t) i = 1,7,9,11,13,15,17=
l

qi(t) + U2(t) i = 2,8,10,12,14,16,18=

qi(t) + U3(t) i = 3,19=
.

Ui(t) are the 3 known earthquake displacements.

.

+

O A

9

I
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Table 6.4.2
*

NUMBERING SYSTEM FOR GAP ELEMENTS AND FRICTIO!1 ELEMENTS
-

I. Nonlinear Sorines (Gao Elements) (64 Total)
Number Node Location Descriotion

*

1 Support S1 Z compression only element
2 Support S2 Z compression only element

g
3 Support S3 Z compression only element
4 Support S4 Z compression only element
5 2,2* X rack / fuel assembly impact

element

6 2,2* X rack / fuel assembly impact
element

7 2,2* Y rack / fuel assembly impact
element

8 2,2* Y rack / fuel assembly impact
element

9-24 Other rattling masses for nodes 1*, 3*, 4* and 5*
_

25 Bottom cross- Inter-rack impact elements
section of rack
(around edge)

Inter-rack impact elements
Inter-rack impact elements.

Inter-rack impact elements.

Inter-rack impact elements.

Inter-rack impact elements.

Inter-rack impact elements.

44 Inter-rack impact elements

45 Top cross-section Inter-rack impact elements
of rack - Inter-rack impact elements.

(around edge) Inter-rack impact elements.

Inter-rack impact elements.

Inter-rack impact elements.

Inter-rack impact elements-.

Inter-rack impact elements.

64 Inter-rack impact elements

.

9
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Table'6.4.2 ( con,tinued)

NUMBERING SYSTEM FOR GAP ELEMENTS M'L PRICTION ELEMENTS

II. Friction Elements (16 total)

Number Node Location Descriotion

1 Support S1 X direction friction
2 Support S1 Y direction friction
3 Support S2 X direction friction
4 Support S2 Y direction friction
5 Support S3 X direction friction
6 Support S3 Y direction friction
7 Support S4 X direction friction
8 Support 54 Y direction friction
9 S1 X Slab moment
10 S1 Y Slab moment
11 S2 X Slab moment
12 S2 Y Slab moment
13 S3 X Slab moment
14 S3 Y Slab moment
15 S4 X Slab moment
16 S4 Y Slab moment

_

@
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Table 6.5.1

Young's Yield Ultimate
Hodulus Strength Strength

Haterial E (psi) Sy (psi) Su (psi)

304 S.S. 27.9 x 106 25,000 71,000

Section III Table Table Table
Reference I-6.0 I-2.2 I-3.2

SUPPORT MATERIAL DATA (200'F)
>

Young's Yield Ultimate
Modulus Strength Strength

Haterial E (psi) Sy (psi) - Su (P81)

1 SA-240, 27.9 x 106 25,000 71,000
Type 304
(upper part
of support
feet)

2 SA-564-630 27.9 x 106 106,300 140,000
(lower part
of support
feet; age
hardened at .

1100*F)

.

W

-
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Table 6.7.1

RESULTS OF SINGLE RACK ANALYSES

List of All Runs
Holtec Rack Fuel Ital Loading Seismic coefficient Motion

Run I.D. I.D. I.D. Condition Loading of Friction Mode,

dc15x17a.rf8 A GE 8x8-C Fully Loaded Level C 0.8 opposedchan' led 255 cells phase

dc15x17a.rf5 A GE 8x8-C Fully loaded Level C 0.5 opposef
chan' led 255 cells phase

dc15x17a.rf2 A GE 8x8-C Fully loaded Level C 0.2 opposed
chan' led 255 cells phase

dc15x17a.rh8 A GE 8x8-C Half loaded Level C 0.8 opposedchan' led 127 colla phase

dc15x17a.rh5 A GE 8x8aC Half loaded Level C 0.5 opposedchan' led 127 cella phase

dc15x17a.rh2 A GE 8x8-C Half loaded Level C 0.2 opposed
chan' led 127 cells phase

dc15x17a.re8 A GE 8x8-C " Empty " Level C 0.8 opposed
chan' led 15 cells phase

dc15x17a.re5 A GE 8x8-C " Empty " Level C 0.5 opposed
chan' led 15 cella phase

dc15x17a.re2 A GE 8x8-C " Empty " Level C 0.2 opposed
chan' led 15 cells phase

del 5x17a.uf8 A GE 8x8-C Fully Loaded Level C 0.8 opposed
uncha'ed 255.cn11s phase

dc15x17a.uf5 A GE 8x8-C Fully loaded Level C 0.5 opposed
uncha'ad 255 cells phase

dc15x17a.uf2 A GE 8x8-C Fully loaded Level C 0.2 opposed
uncha'ed 255 cells

dc15x17a.uh8 A GE ex8-C Half loaded Level C 0.8 opposed
uncha'ed 127 cells

dc15x17a.uh5 A GE 8x8-C Half loaded Level C - 0. 5 opposed
uncha'ed 127 cells

.

( to be continued )
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Table 6.7.1 ( continued )

dc15x17a.uh2 A GE 8x8-C Half loaded Level C 0.2 opposed
uncha'ed 127 cells.

dc15x17a.ue8 A GE 8x8-C " Empty " Level C 0.8 opposed
uncha'ed 15 cells phase

dc15x17a.ue5 A GE 8x8-C " Espty " Level C 0.5 opposed
uncha'ed 15 cells ,

i

dc15x17a.us2 A GE 8x8-C " Empty " Level C 0.2 opposed;
uncha8ed 15 cells

dc15x18f rf8 F GE 8x8-C Pully Loaded Level C 0.8 opposed
chan' led 270 cells phase -

dc15x18f.rf5 F GE 8x8-C Pully loaded Level C 0.5 opposed
chan' led 270 cella phase

dc15x18forf2 F GE 8x8-C Pully loaded Level C 0.2 opposed
chan' led 270 cells phase

dc15x18f.rh8 F GE 8x8-C Half loaded Level C 0.8 opposed!
chan' led 135 cells phase 1

de15x18f.rh5 F GE 8x8-C Half loaded Level C 0.5 opposed;
chan' led 135 cella phase

dc15x18f rh2 F GE 8x8-C Half loaded Level C 0.2 opposed:
chan' led 135 cells phase

dc15x18f.re8 F GE 8x8-C " Empty " Level C 0.8 opposed-
chan' led 15 cells phase ,

dc15x18f.re5 F GE 8x8-C " Empty " Level C 0.5 opposed!
chan' led 15 cells phase

dc15x18 fore 2 F GE 8x8-C " Empty " Level C 0.2 opposedi
chan' led 15 cells phase

dc9x18k.rf8 K GE 8x8-C Fully Loaded Level C 0.8 opposed
chan' led 162 cells phase

dc9x18k.rf5 K GE 8x8-C- Fully Loaded Level C 0.5 opposed
chan' led 162 (;11s _ phase

dc9x10k.rf2 K GE 8x8-C Pully Loaded Level C O_. 2 opposed
chan81ed 162 cells phase
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Table 6.7.1 ( continued )
dc9x18k.rh8 K GE 8x8-C Half Loaded Level C 0.8 opposed

chan' led 81 cells phase

dc9x18k.rh5 K GE 8x8-C Half Loaded Level C 0.5 opposed
chan' led 81 cells phase

dc9x18k.rh1 K GE 8x8-C Half Loaded Level C 0.2 opposed
chan' led 81 cells phase

dc9x18k.re8 K GE 8x8-C # Empty " Level C 0.8 opposed
chan' led 9 cells phase

dc9x18k.re5 K GE 8x8-C -- " Empty " . Level C 0.5 opposed
chan' led 9 cells phase

dc9x18k.re2 K GE 8x8-C " Empty " Level C 0.2 opposed
chan' led 9 cells phase

.

V

6

e

*=

@ #

e

6-44'

.. . . .
. _ , _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



_ _ - _ _ _ _ _ - _ _ - _ - _ _ _

*
. .

- -

' Table 6.7.2

SUMMARY OF WORST RESULTS
FROM 36 RUNS OF SINGLE RACK ANALYSIS

( LOADED WITH REGULAR FUEL ASSEMBLIES )
.

Item Value Run I.D.

1. Maximum total vertical pedestal load: 427,140 lbs. dc15x17a.rf2
2. Maximum vertical load

in any single pedestal: 152,117 lbs. dc15x17a.rf5
3. Maximum shear lead

in any single pedestal: 90,010 lbs. dc8x18k.rf8
4. Maximum fuel assembly-to-cell vall

impact load at one local position: 970 lbs. dc15x17a.ue2
5. Maximum rack-to-vall

impact load at baseplat level: 0 lbs.

6. Maximum rack-to-wall
impact load at the top of rack: 0 lbs.

7. Maximum rack-to-rack
impact load at baseplat level: O lbs. dc9x18k.rf2

8. Maximum rack-to-rack
impact load at the top of rack: 172 lbs. dc15x17a.uh8

__

9. Maximum corner displacements

Top corner in x direction:
'

O.1556 in, dc9x18k.uf8
in y direction: 0.2246 in. dc15x17a.rf8Baseplate corner in x direction: 0.0604 in. dc15x17a.uh2

in y direction: 0.1981 in, dc15x17a.uh2

10. Maximum stress factors

Above baseplate: 0.249 (R6) dc15x17a.rf8Support pedestals: 0.740 (R6) dc15x17a.rf8
.-

e
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' Table 6.7.3

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACE MODULE:
*

A15x17

Moltec Run 1.D.: dc15x17a.rf8 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (1bs.)
Fuel Loading: 255 cells loaded; Fuel centroid X,Y: .0, .0 (in.)
Coefficient of friction at the bottom of support pedestal: 0.8

SRevision: 3.46 S
$Logfile: C:/ racks /dynam0/ dynamo.fov $$ Revision: 2.5 $
SLogfile: C:/ racks /dynam0/dynasi.fov $SRevision: 3.36 $
$Logfile: C / racks /dynam0/dynas2.fov C

DYNAMIC IMP * W LOADS (lbs.)

(1) Maximum total vertical pedestal load: 422535.0

(2) Maximum vertical load in any single pedestal: 147815.2

(3) Maximum shear load in any single pedestal: 73787.4

(4) Maximum fuel-cell impact at one local position: 870.7

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)

Location: X-direction i-direction

Top corner: .1465 .1214
Baseplate corner: .0048 .0050

MAXIMUM STRESS TACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above ba'seplate: .056 .032 .135 .107 .218 .249 .040Support pedestal: .312 .167 .367 .281 .666 .740 .218

See Section 6.5.2.3 of the Licensing Report for definitions.*
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' Table 6.7.4

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE:A15x17

Holtec Run I.D.: dc15x17a.rf5 Seismic Loading: Level-C
Fuel Assembly,I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 255 cells loaded; Puel centroid X,Y: . 0, .0 (in.)
Coefficient of friction at the bottom of support pedestal: 0.5

SEevision: 3.46 S
SLogfile: C:/ racks /dynam0/dynam0.fov S$ Revision: 2.5 $
SLogfile: C:/ racks /dynam0/dynasi.fov $SRevision: 3.36 $
SLogfile: C / racks /dynam0/dynas2.fov $

DYNAMIC IMPACT LOADS (1bs.)

(1) Maximum total vertical pedestal load 419264.0

(2) Maximum vertical load in any single pedestal: 152117.5
(3) Maximum shear load in any single pedestal: 52304.3

(4) Maximum fuel-cell impact at one local position: 825.2
(5) Maximum rark-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMDG'S (in.)
Location: X-direction Y-direction
Top corner: .1452 .1188Baseplate corner: .0052 .0073

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .055 .031 .133 .105 .210 .238 .045Support pedestal: .321 .128 .270 .216 .541 - .588 .160

* See Section 6.5.2.3 of the Licensing Report for definitions.

6-47

__ _ - - _ - _ _ - - - - - - - - - _ - - - - - - - --__



_ ._ _ _

.

-
..

~

Table 6.7.5.

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE: A15x17

Holtec Run I.D.: dc15x17a.rt2 Seismic Loading: Level-C

Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 255 cells loaded; Fuel centroid X,Y: .0, .0 (in.)

-

Coefficient of friction at the bottom of support pedestal: 0.2
$ Revision: 3.46 $
SLogfile C / racks /dynam0/ dynamo.fov $
SRevision: 2.5 $
$Logfile: C / racks /dynam0/dynasi.fov $
SRevision: 3.36 $
$Logfile: C:/ racks /dynam0/dynas2.foy $

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 427140.7

(2) Maximum vertical load in any single pedestal: 132255.4

(3) Maximum shear load in any single pedestal: 26415.6

(4) Maximum fuel-cell impact at one local position: 754.1

(5) Maximum rack-to-wall impact at baseplate .0

(6) Maximum rack-to-vall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)
~Locations X-direction Y-direction

Top corner: .1113 .2248
Baseplate corner: .0463 .1462

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .055 .021 .125 .107 .205 .234 .028
Support pedestal .279 .076 .141 .128 .427. .455 .084

* See Section 6.5.2.3 of the Licensing Report for definitions.
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Tablo 6.7.6
*

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE:A15x17

Holtec Run 1.D.: dciba17a.rh8 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Puel Loading: 127 cells loaded; Fuel centroid X,Y: 1.4,-26.7 (in.)

Coefficient of friction at the bottom of support pedestal: 0.8

SRevision: 3.46 $
SLogfile C:/ racks /dynam0/dynam0.foy $$ Revision: 2.5 $
$Logfile: C:/ racks / dynamo /dynasi.fov $$ Revision: 3.36 $
$Logfile: C / racks /dynam0/dynas2.fov $

4

DYNAMIC IMPACT LOADS (1bs.)

(1) Maximum total vertical pedestal load: 248294.1

(2) Maximum vertical load in any single pedestal: 104926.1

(3) Maximum shear load in any single pedestal: 40094.7

(4) Maximum fuel-cell impact at one local position: 863.5

(5) Maximum rack-to-vall impact at baseplate .0

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)

Location: X-direction Y-direction
Top corner .1071 .1235Baseplate corner .0044 .0043

MAXIMUM STRESS FACTOIS'*

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .037 .017 .092 .078 .133 .154 .017Support pedestal: .221 .091 .166 .154 .470*' .515 .099

* See Section 6.5.2.3 of the Licenaing Report for definitions.
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, ' Table 6.7.7 -

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE: Al'5 x17

Holtec Run 1.D.: dc15x17a.rh5 Seismic Loading: Level-C
4

Fuel Asrembly I.D. and Weight: GE 8x8-C ; 680.0 (1bs.)
Puel Loading: 127 cells loaded; Fuel centroid X,Y: 1.4,-26.7 (in.)

Coefficient of friction at the bottom of support pedestal: 0.5

SRevision: 3.46 S
SLogfile: C:/ racks /dynam0/ dynamo.fov $$ Revision: 2.5 $
$Logfile C:/ racks /dynam0/dynasi.fov $$ Revision: 2,06 $
$Logfile C:/ racks /dynam0/dynas2.fov $

DYNAMIC IMPACT LOADS (1bs.)

(1) Maximum total vertical pedestal load: 248356.8

(2) Maximum vertical load in any single pedestal: 108286.5
(3) Maximum shear load in any single pedestal: - 41030.4

(4) Maximum fuel-cell impact at one local position: 840.6

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate .0

(8) Maximum rack-to-rack impact at rack top: 15.2

MAXIMUM CORNER DISPLACEMENTS (in.)
Location ~

X-direction Y-direction
Top corner: .1030 .1266Baseplate corner: .0091 .0091

MAXIMUM STRESS FACTORS *
,

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate .037 .020 .091 .084 .132 .152 .020Support pedestal: .222 .121 .209 .204 .424 - .467 .124

* See Section 6.5.2.3 of the Licensing Report for definitions.-

4
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' Table 6.7.8

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE: A15x17
|

Holtec Run I.D.: dc15x17a.rh2 Seismic Loading: Level-C

Fuel Assembly I.D. and Weight GE 8X8-C ; 680.0 (lbs.)
Fuel Loading: 127 cells loaded; Fuel centroid X,Y: 1.4,-26.7 (in.)

*

Coefficient of friction at the bottom of support pedestal: 0.2
$ Revision: 3.46 $
$Logfile C:/ racks /dynam0/dynam0.fov $
SRevision: 2.5 $
$Logfile: C / racks /dynam0/dynasi.foy $
$ Revision: 3.36 $
$Logfile: C:/ racks /dynam0/dynas2.fov $

DYNAMIC IMPACT LOADS (1bs.)

(1) Maximum total vertical pedestal load: 243972.2

(2) Maximum vertical load in any single pedestal: 103189.2

(3) Maximum shear load in any single pedestal: - 18945.1

(4) Maximum fuel-cell impact at one local position: 892.0

(5) Maximum rack-to-vall impact at baseplate .0
,

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplates .0

(8) Maximum rack-to-rack. impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)
'

Location: X-direction Y-direction

Top corner: .0930 .1923
Baseplate corner: .0468 .1781

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .036 .012 .081 .053 .121 .136 .014
Support pedestal: .218 .049 .101 .082 .324- .342 .060

* See Section 6.5.2.3 of the Licensing Report for definitions.
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' Table 6.7.9

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS F5R RACK MODULE: A15x17

Holtec Run I.D.: dc15x17a.res Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 15 cells loaded; Fuel centroid X,Y: .0,-50.2 (in.)
Coefficient of friction at the bottom of support pedestal: 0.8
SRevision: 3.46 $
$Logfile C / racks /dynam0/ dynamo.fov $SRevision: 2.5 $
SLogfile C / racks /dynam0/dynasi.fov $
$ Revision: 3.36 $
$Logfile: C:/ racks /dynam0/dynas2.fov $

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 61823.1

(2) Maximum vertical load in any single pedestal: 43045.3

(3) Maximum shear load in any single pedestal: 14798.3

(4) Maximum fuel-cell impact at one local position: 914.3

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at ra'k top: .0

MAX 1 MUM CORNER DISPLACEMENTS (in.)

Locat! X-direction Y-direction

Top corner: .0664 .0694
Baseplate corner: .0036 .0043

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .010 .006 .034 .028 .049 .056 .008Support pedestal: .087 .042 .073 .071 .170_ .185 .043

* See Section 6.5.2.3 of the Licensing Report for definitions.
.,
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' Table 6.7.10

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK M00ULE:
*

A15x17

lioltec Run I.D.: dc15x17a.re5 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 15 cells loaded; Fuel centroid X,Y: .0,-50.2 (in.)
Coefficient of friction at the bottom of support pedestal: 0.5

$ Revision: 3.46 $
$Logfile tis / racks /dynam0/dynam0.fov SSRevision: 2.5 $
SLogfile C / racks /dynsmo/dynasi.foy $$ Revision: 3.36 $
SLogfile: C:/ racks /ofnam0/dynas2.foy $

DYNAMIC IMPACT LOADS (1bs.)

(1) Maximum total vertical pedestal load: 59282.7

(2) Maximum vertical load in any single penestal: 44541.7

(3) Maximum shear load in any single pedestal: 16830.3

(4) Maximum fuel-coll impact at one local position: 914.2

(5) Maximum rack-to-wall impact at baseplate .0

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0>

MAXIMUM CORNER DISPLLCEMDiTS (in.)
Location: X-direction Y-direction
Top corner: .0719 .0669Baseplate corner: .0154 .0264

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .010 .007 .03' .028 =050 .057 .006Support pedestal: .090 .041 . C;30 .070 .185 .204 .036

* See Section 6.5.2.3 of the Licensing Repert for definitions.
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' Table 6.7.11

SUMMARY RESULTS OF 3-D SINGLE ftACK ANALYSIS FOR RACK NODCTLE: A15x17

Holtec Run I.D.: dc15x17a.re2 Salamic Loading: Level-C
Fuel Assembly I.D. and Weights GE 8x.-C ; 680.0 (1bs.)
Fuel Loading: 15 cella loaded; Fuel centroid X,Y: .0,-50.2 (in.)

*

Coefficient of friction at the bottom of support pedestal: 0.2
SRevision: 3.46 S
SLogfile C / racks /dynam0/ dynamo.fov $$ Revision: 2.5 $
FLogfiles C / racks /dynam0/dynasi.foy $SRevision 3.36 $
$Logfile C / racks /dynam0/dynas2.foy $

DYNAMIC IMPACT LOADS (1bs.)

(1) Maximum total vertical pedestal load 52062.3

(2) Maximum vertical load in any single pedestal: 25200.9

(3) Maximum shear load in any single pedastalt -

5013.5

(4) Maximum fuel-cell impact at one local position: 912.3

(5) Maximum rack-to-wall impact at baseplates .0

(6) Maximum rack-to-wall impact at rack top .0

(7) Maximum rack-to-rack impact at baseplate .0

(8) Maximum rack-to-rack impact at rack top .0

MAXIMUM CORNER DISPLAC:IMENTS (in.[

Locations X-direction Y-direction
Top corner: .0344 .0580

"

Baseplate corner: .0179 .0463

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R2 R4 R5 R6 R7

Above baseplate .009 .003 .021 .018 .037 .042 .003
Suppcrt pedestal .053 .014 .026 .024 .080 .084 .016

* See Section 6.5.2.3 of the Licransing Report for definitions.
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Table 6.7.12

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE:A15x17

}ioltec Run I.D.: dc15x17a.uts Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 600.0 (1bs.)
Fuel Loading: 255 cells loaded; Fuel centroid X,Y: . 0, .0 (in.)
Coefficient of friction at the bottom of support pedestal: 0.8

$ Revision: 3.46 $
SLogfile C:/ racks /dynam0/ dynamo.fov $-$ Revision: 2.5 $ 1

SLogfile C:/ racks /dynam0/dynasi.fov $$ Revision: 3.36 $
$Logfile: C:/ racks /dynam0/dynas2.fov $

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 376328.0

(2) Maximum vertical load in any sir,gle pedestal: 127294.1
(3) Maximum shear load in any single pedestal: ~

70796.3

(4) Maximum fuel-cell impact at one local position: 954.6

(5) Maximum rack-to-vall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)
Location: X-direction Y-direction
Top corner: 1556 .1169.

Baseplate corner: 0065 .0041.

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .051 .042 .120 .107 .190 .216 .044Support pedestal: .264 .149 .377 .252 .535 ~~.589 .224
_

-* See Section 6.5.2.3 of the Licensing Report for definitions.
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- Table 6.7.13

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE:A15x17

~

Holtec Run I.D.: dc15x17a.uf5 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 600.0 (1bs.)
Fuel Loading: 255 cella loaded; Fuel centroid X,Y: .0, .0 (in.)
Coefficient of friction at the bottom of support pedestal: 0.5
$ Revision 3.46 $
CLogfiles C:/ racks /dynam0/ dynamo.fov $SReviGion: 2.5 $
$Logfile C / racks /dynam0/dynasi.fov $$ Revision: 3.36 $
$Logfile C / racks /dynam0/dynas2.fov $

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum *,otal vertical pedestal load: 377324.7

(2) Maximum vertical load in any single pedestal: 131552.2

(3) Maximum shear load in any single pedestal: 55182.7
'

(4) Maximum fuel-cell impact at one local position: 953.9

(5) Maximum rack-to-vall impact at baseplate: .0

(6) Maximum rack-to-vall impact at rac'*. top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)
Location: X-direction Y-direction
Top corner: .1538 .1133Baseplate corner: .0068 .0071

~

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .051 .042 .124 .107 .202 .231 .052Support pedestal: .278 .131 .295 .221 .535 -' 584 .175

* Sec Section 6.5.2.3 of the Licensing Report for definitions.
,
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, _ 'TTble 6.7.14

SUMMARY RESULTS OF 3-D DINGLE RACK ANALYSIS FOR RACK MODULE: A15x17

Holtec Run I.D.: dc15x17a.uf2 Seismic Loading: Level-C

Fuel Assembly I.D. and Weight: GE 8x8-C ; 600.0 (lbs.)
Fuel Loading: 255 cells lowed; Puel centroid X,Y: .0, .0 (in.)
Coefficient of fricticn at the bottom of support pedestal: 0.2

SRevision: 3.46 $
SLegfile: C:/ racks /dynam0/ dynamo.fov $
$ Revision: 2.5 $ .

SLogfile: C:/ racks /dynam0/dynasi fov $
$ Revision: 3.36 $
$Logfile: C:/ racks /dynam0/dynas2.foy $

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical _ pedestal load: 383149.6

(2) Maximum vertical load in any single pedestal: 1209 '
,

(3) Maximum shear load in any single pedestal: - 23792.7

(4) Maximum fuel-cell impact at one local position: 952.0

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)

Location: X-direction Y-direction

. Top corner: .1055 .1922
Basepa te corner: .0583 .1226

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .052 .021 .114 .101 .186 .212. .024
-Support pedestal: .251 .067 .127 .114 .397 - .424 .075

* See Section 6.5.2.3 of the Licensing Report for definitions.
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Table 6.7.15 -

' SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE:A15x17

Holtec Run I.D.: dc15x17a.uh8 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; ' O .1 (lbs.)'

Fuel Loading: 127 cells loaded; Fuel centroid X,Y: -26.7 (in.).--

Coefficient of friction at the bottom of support pedestal: 0.8

SRevision: 3.46 S
SLogfile: C:/ racks /dynam0/ dynamo.fov $$ Revision: 2.5 S
SLogfile: C:/ racks /dynam0/dynasi.fov $SRevision: 3.35 S
$Logfile: C:/ racks /dynam0/dynas2.foy 5

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 207950.7

(2) Maximum vertical load in any single pedestal: 106936.1

(3) Maximum shear load in any single pedestal: 61892.6

(4) Maximum fue3 cell impact at one local position: 952.9
; (5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

. (8) Maximum rack-to-rack impact at rack top: 171.6

MAXIMUM CORNER DISPLACEMENTS (in.)
Location: X-direction Y-direction

4

7 Top corner: .1373 .1440Baseplate corner: .0098 .0099

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7
~

Above baseplate: .029 .038 .086 .079 .119 .138 .020Support pedestal: .222 .149 .256 .252 .559 ~~.629 .152

* See Section 6.5.2.3 of the Licensing Report for definitions.

.
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' Table 6.7.16

SUMMARY 'RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE:A15x17

Holtec Run I.D.: dc15x17a.uh5 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 600.0 (lbs.)
Fuel Loading: 127 cells loaded; Fuel centroid X,Y: 1.4,-26.7 (in.)
Coefficient of friction at the bottom of supmort pedestal: 0.5

$ Revision: 3.46 S
~

$Logfile: C:/rav *dynam0/dynam0.fov $
,

.

SRevision: 2.5 4
SLogfile: C:/ racks /dynam0/dynasi.fov $$ Revision: 3.36 $
SLogfile: C:/ racks /dynam0/dynas2.fov S

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 217531.7

(2) Maximum vertical load in any single pedestal: 104898.5

(3) Maximum shear load in any single pedestal: 38398.1

(4) Maximum fuel-cell impact at one local position: 952.3

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0 ;

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: 153.3

MAXIMUM CORNER DISPLACEMENTS (in.)
Location: X-direction Y-direction

Top corner: .1292 .1420Baseplate corner: .0170 .0145

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 PJ R4 R5 R6 R7

Above bedeplate: .031 .026 .084 .071 .123 .142 .020Support pedestal: .218 .110 .188 .186 .403- .445 .112

* See Section 6.5.2.3 of the Licensing Report for definitions.
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Table 6.7.17

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE:A15x17

Holtec Run I.D.: dc15x17a.uh2 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 600.0 (lbs.)
Fuel Loading: 127 cells loaded; Fuel centroid X,Y: 1.4,-26.7 (in.)

'

Coefficient of friction at the bottom of support pedestal: 0.2

SRevision: 3.46 $
$Logfile: C:/ racks /dynam0/dyn uo.fov $SRevision: 2.5 S
SLogfile: C:/ racks /dynam0/dynasi.fov $$ Revision: 3.36 S
SLogfile: C:/ racks / dynamo /dynas2.fov $

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load:
214142.4

(2) Maximum vertical load in -sny single pedestal: 94827..

(3) Maximum shear load in any single pedestal: 17356.9

(4) Maximum fuel-cell impact at one local position: 952.2

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-vall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(B) Maximum rack-to-rack impact at rack top: .0
_

MAXIMUM CORNER DISPLACEMENTS (in.)
Location: X-direction Y-direction

Top corner: .1141 .2031Baseplate corner: .0604 .1981

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .032 .010 .076 .064 .111 .125 .013Support pedestal: .200 .045 .091 .076 .296 ~.313 .054
.

* See Section 6.5.2.3 of the Licensing Report for definitions.
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Table 6.7.18

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE: A15x17

Holtec Run I.D.: dc15x17a.ue8 Saismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 600.0 (lbs.)
Fuel Loading: 15 cells loaded; Fuel centroid X,Y: .0,-50.2 (in.)
Coefficient of friction at the bottom of support pedestal: 0.8

SRevision: 3.46 $
$Logfile: C:/ racks /dynam0/dynam0.fov $
$ Revision: 2.' $
$Logfile: C:/ racks /dynam0/dynasi.fov $
$ Revision: 3.36 $
$Logfile: C:/ racks /dynam0/dynas2.fov S

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 53667.5

(2) Maximum vertica) load in any single pedestal: 38707.7

(3) Maximum shear load in any single pedestal: ~

23053.1

(4) Maximum fuel-cell impact at one local position: 967.8

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)

Location: X-direction Y-direction

Top corner: .0685 .0801
Baseplate corner: .0057 .0046

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .009 .008 .034 .028 .053 .061 .010Support pedestal: .082 .057 .089 .096 .228 ~~.254 .053

* See Section-6.5.2.3 of the Licensing Report for definitions.
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Table 6.7.19

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE:A15x17

Holtec Run I.D.: dc15x17a.ue5 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 600.0 (1bs.)
Fuel Loading: 15 cells loaded; Fuel centroid X,Y: .0,-50.2 (in.)
Coefficient of friction at the bottom of support pedestal: 0.5

$ Revision: 3.46 S
SLogfile: C:/ racks /dynam0/ dynamo.fov $SRevision: 2.5 S
SLogfile: C:/ racks /dynam0/dynasi.fov S$ Revision: 3.36 S
SLogfile: C:/ racks /dynam0/dynas2.foy $

DYNAMIC IMPACT LOADS (lbs.)

(l' Maximum total vertical pedestal load: 57119.1
(2) Maximum vertical load in any single pedestal: 38493.3
(3) Maximum shear load in any single pedestal: 18456.7

(4) Maximum fuel-cell impact at one local position: 968.9

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)
Location: X-direction Y-direction

Top corner: .0687 .0781Baseplate corner: .0118 .0175

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7
~

Above baseplate: .010 .006 .034 .028

.051 _ .217 .044
.058 .006Support pedestal: .079 .040 .074 .068 .196

* See Section 6.5.2.3 of the Licensing Report for definitions.
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' Table 6.7.20

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE: A15x17

Holtec Run I.D.: dc15x17a.ue2 Seismic Loading: Level-C

Fuel. Assembly I.D. and Weight: GE 8x8-C ; 600.0 (lbs.)
Puel Loading: 15 cells loaded; Puel centroid X,Y: .0,-50.2 (in.)

-

Coefficient of friction at the bottom of support pedestal: 0.2
SRevision: 3.46 S
$Logfile: C:/ racks /dynam0/dynam0.fov $

"

SRevision: 2.5 S
$Logfile: C:/ racks /dynam0/dynasi.fov $

-$ Revision: 3.36 $
$Logfile: C:/ racks /dynam0/dynas2.fov $

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 49945.7

(2) Maximum vertical load in any single pedestal: 24058.3

(3) Maximum shear load in any single pedestal: ~

4793.1

(4) Maximum fuel-cell impact at one local position: 969.9

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0
,

(7) Maximum-rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0
'

MAXIMUM CORNER DISPLACEMDiTS (in.)

Location: X-direction Y-direction
'

Top corner: .0380 .0495
Baseplate corner: .0219 .0479

'

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .009 .003 .021 .018 .037 .041 .003
Support pedestal: .051 .012 .025 .021 .077 - .082 .015

* See Section 6.5.2.3 of the Licensing Report for definitions.
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Table 6.7.11
,

SUMMARY RESULTS OF-3-D SINGLE RACK ANALYSIS FOR RACK MbDULE:K9x18

Holtec Run I.D.: dc9x18k.rf8 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 162 cells loaded; Fuel centroid X,Y: . 0, .0 (in.)
Coefficient of friction at the bottom of support pedestal: 0.8

SRevision: 3.46 $
SLogfile: C:/ racks /dynam0/dynam0.fov $

-

SRevision: 2.5 S
SLogfile: C:/ racks /dynam0/dynasi.fov $SRevision: 3.36 $
SLogfile: C:/ racks /dynam0/dynas2.fov S

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 252590.0
(2) Maximum vertical load in any single pedestal: 113789.2
(3) Maximum shear load in any single pedestal: 90010.1
(4) Maximum fuel-cell impact at one local position: 802.4
(5) Maximum rack-to-wall impact at baseplate:

.0

(6) Maximum rack-to-wall impact at rack top:
.0 .

(7) Maximum rack-to-rack impact at baseplate:
.0

(8) Maximum rack-to-rack impact at rack top:
.0

MAXIMUM CORNER DISPLACEMENTS (in.)
Location: X-direction Y-direction
Top corner: .1259 .1064-Baseplate corner: .0054 .0039

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .052 .040 .191 .083 .212 .242 .034Support pedestal: .238 .137 .480 .231 .673 .750 .285
.

* See Section 6.5.2.3 of the Licensing Report for definitions.
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' Table 6.7.22
*

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE: K9x18

Holtec Run I.D.: dc9x18k.rf5 Seismic Loading: Level-C

Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 162 cells loaded; Fuel centroid X,Y: . 0, .0 (in.)
Coefficient of friction at the bottom of support pedestal: 0.5

SRevision: 3.46 S

SLogfile: C:/ racks /dynam0/dynam0.fov $
-

$ Revision: 2.5 $
SLogfile: C:/ racks /dynam0/dynasi.fov $
$ Revision: 3.36 S
$Logfile: C:/ racks /dynam0/dynas2.fov $

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 246963.0

(2) Maximum vertical load in any single pedestal: 112069.4

(3) Maximum shear load in any single pedestal: 54704.1

(4) Maximum fuel-cell impact at one local position: 802.4

(5) Maximum rack-to-vall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0
_

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)

Location: X-direction Y-direction

Top corner: .1238 .1006
Baseplate corner: .0061 .0053

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above bsseplate: .050 .033 .197 .079 .207 .238 .037
Support pedestal: .231 .088 .292 .149 . 4 9 5- - .543 .173

* See Section 6.5.2.3 of the Licensing Report for definitions.
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. . ' Table 6.7.23

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE:K9x18

Holtec Run I.D.: dc9x18k.rf2 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 162 cells loaded; Puel centroid X,Y: . 0, .0 (in.)

-

-Coefficient of friction at the bottom of support pedestal: 0.2

SRevision: 3.46 S
$Logfile: C:/ racks /dynam0/ dynamo.fov $$ Revision: 2.5 $
SLogfile: C:/ racks /dynam0/dynasi.fov $SRevision:- 3.36 S
SLogfile: C:/ racks /dynam0/dynas2.fov $

DYNAMIC 1MPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 244480.7
(2) Maximum vertical load in any single pedestal: 100113.8
(3) Maximum shear load in any single pedestal: 19968.3

(4) Maximum fuel-cell impact at one local position: 871.2

(5) Maximum rack-to-vall impact at baseplate:
.0

(6) Maximum rack-to-vall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate:
.0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)
Location: X-direction Y-direction

| Top corner: .1130 .1094
|

'

Baseplate corner: .0134 .0709 '

1

. . MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7
{

!

Above baseplate: .048 .020 .154 .080 .172 .196 .023Support pedestal: .211 .050 .104 .084 .319 ~~.338 .062
_

| * See Section 6.5.2.3 of the Licensing Report for definitions,

t
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- ' Table 6.7.24

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE: K9x18

Holtec Run I.D.: dc9x18k.rh8 Seismic Loading: Level-C

Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 81 cells loaded; Fuel centroid X,Y: .0, 28.3 (in.)
Coefficient of friction at the bottom of support pedestal: 0.8
SRevision: 3.46 $
SLogfile: C:/ racks /dynam0/ dynamo.fov $

~

SRevision: 2.5 S
SLogfile: C:/ racks /dynam0/dynasi.fov $
$ Revision: 3.36 $
$Logfile: C:/ racks /dynam0/dynas2.fov $

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 134093.9

(2) Maximum vertical load in any single pedestal: 59940.5

(3) Maximum shear load in any single pedestal: 33427.6

(4) Maximum' fuel-cell impact at one local position: 765.2

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0
_

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)

Location: X-direction Y-direction

Top corner: .1440 .0836
Baseplate corner: .0028 .0024

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .027 .020 .095 .056 .104 .120 .020
Support pedestal: .127 .064 .173 .199 .291 - .325 .102

* See Section 6.5.2.3 of the Licensing Report for definitions.

---.c
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, Table 6.7.-25 ^

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE:K9x18

Holtec Run I.D.: dc9x18k.rh5 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 81 cells loaded; Puel centroid X,Y: . 0, 28.3 (in.)
Coefficient of friction at the bottom of support pedestal: 0.5

SRevision: 3.46 S
SLogfile: C:/ racks /dynam0/ dynamo.fov $$ Revision: 2.5 S
$Logfile: C:/ racks /dynam0/dynasi.fov $$ Revision: 3.36 $
$Logfile: C: / racks /dynam0/dynas2. f ov $

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 137211.9
(2) Maximum vertical load in any single pedestal: 60458.1
(3) Maximum shear load in any single pedestal: 24744.3
(4) Maximum fuel-cell impact at one local position: 875.6

(5) Maximum rack-to-wall impact at baseplate:
.0

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)
Location: X-direction Y-direction
Top corner: .1434 .0847Baseplate corner: .0032 .0026

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7
Above ba'seplate: .029 .015 .099 .043 .106 .121 .019Support pedestal: .127 .044 .131 .074 .244 .267 .078

.

* See Section 6.5.2.3 of the Licensing Report for definitions.
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_ ' Table 6.7.26
,

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE: K9x18

Holtec Run I.D.: dc9x18k.rh2 Seismic Loading: Level-C

Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (1bs.)
Fuel Loading: 81 cells loaded; Fuel centroid X,Y: .0, 28.3 (in.)-

Coefficient of friction at the bottom of support pedestal: 0.2

SRevision: 3.46 S
$Logfile C:/ racks /dynam0/dynam0.fov $
SRevision: 2.5 $
$Logfile: C:/ racks /dynam0/dynasi.fov $
$ Revision: 3.36 $
$Logfile: C:/ racks /dynam0/dynas2.fov $

DYNAMIC IMPACT LOADS (lbs.)

.(1) Maximum total vertical pedestal load: 118068.6

(2) Maximum vertical load in any single pedestal: 58743.2

(3) Maximum shear load in any single pedestal: 11725.7

(4) Maximum fuel-cell impact at one local position: 826.5

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)

Location: X-direction Y-direction

Top corner: .0963 .0902
Baseplate corner: .0244 .0794

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .023 .010 .084 .057 .104 .119 .012
Support pedestal: .124 .028 .C57 .048 .191 . .212 .034

* See Section 6.5.2.3 of the Licensing Report for definitions.
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~ Table 6.7.27

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE:K9x18

Holtec Run i.D.: dc9x18k.re8 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 680,0 (lbs.)

Fuel Loading: 9 cells loaded; Fuel centroid X,Y: .0, 53.4 (in.)
Coefficient of friction at the bottom of support pedestal: 0.8

$ Revision: 3.46 $
SLogfile: C:/ racks /dynamP/dynam0.foy $$ Revision: 2.5 $
$Logfile: C:/ racks /dynam0/dynasi.fov $SRevision: 3.36 $
$Logfile: C:/ racks /dynam0/dynas2.fov $

DYNAMIC IMPACI' LOADS (lbs.)

(1) Maximum total vertical pedestal load: 32627.4

(2) Maximum vertical load in any single pedestal: 16441.7

(3) Maximum shear load in any single pedestal: 11710.2

(4) Maximum fuel-cell impact at one local position: 902.8

(5) Maximum rack-to-wall impact at baseplate: .0

(6). Maximum rack-to-vall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(B) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)
Location: X-direction Y-direction
Top corner: .0674 .C403Baseplate corner: .0011 .0011

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .009 .004 .036 .016 .040 .046 .006Support pedestal: .035 .022 .063 .037 .100 ".112 .037

* See Section 6.5.2.3 of the Licensing Report for definitions.
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' Table 6.7.28

SUMMARY RESULTS OF 3-D SINdLE RACK ANALYSIS FOR RACK MODULE:K9x18

Holtoc Run I.D.: dc9x18k.re5 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (1bs.)
Fuel Loading: 9 cells' loaded; Fuel centroid X,Y: . 0, 53.4 (in.)
Coefficient of friction at the bottom of suppor' pedestal: 0.5

$ Revision: 3.46 S
SLogfile: C:/ racks /dynam0/dynam0.fov $$ Revision: 2.5 S
SLogfile: C:/ racks /dynam0/dynasi.fov $SRevision: 3.36 S
SLogfile: C:/ racks /dynam0/dynas2.fov S

DYNAMIC IMPACT LOADS (1bs.)

(1) Maximum total vertical pedestal load: 32057.4

(2) Maximum vertical load in any single pedestal: 17202.2
(3) Maximum shear load in any single pedestal: -

7388.6
(4) Maximum fuel-cell impact at one local position: 927.9

(5) Maximum rack-to-wall impact at baseplate:
.0

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate:
.0

(8) Maximua rack-to-rack impact at rack top:
.0

MAXIMUM CORNER DISPLACEMDITS (in.)
Location: X-direction Y-direction
. Top corner: .0622
Baseplate corner: .0384

.0022 .0016

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7
Above baseplate: .009 .006 .036 .014 .039 .044 .004Support pedestal: .036 .014 .039 .024 .071 -- .077 .023

* See Section 6.5.2.3 of the Licensing Report for definitions.
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Table 6.7.29

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE: K9x18

Holtec Run I.D.: dc9x18k.re2 Seismic Loading: Level-C

Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 9 cells loaded; Fuel centroid X,Y: .0, 53.4 (in.)

-

] Coefficient of friction at the bottom of support pedestal: 0.2
SRevision: 3.46 S
SLogfile: C:/ racks / dynamo / dynamo.fov $ ~

$ Revision: 2.5 S
SLogfile: C:/ racks / dynamo /dynasi.fov $
SRevision: 3.36 S
SLogfile: C:/ racks /dynam0/dynas2.fov S

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 33808.9

(2) Maximum vertical load in any single pedestal: 17750.0

(3) Maximum shear load in any single pedestal: 3549.8

(4) Maximum fuel-cell impact at one local position: 825.8

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0
,

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)

Location: X-direction Y-direction

Top corner: .0573 .0464
' Baseplate corner: .0269 .0347

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .009 .003 .028 .008 .033 .037 .004
Support pedestal: .037 .007 .019 .011 .054 - .057 .011

* See Section 6.5.2.3 of the Licensing Report for definitions.
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' Table 6.7.-30

SUMMARY *RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE: R-P198

Holtec Run I.D.: dc198p.rf8 Seismic Loading: Level-C

Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 198 cells loaded; Fuel centroid X,Y: .0, .0 (in.)
Coefficient of friction at the bottom of support pedestal: 0.8
SRevision: 3.46- S
SLogfile: C:/ racks /dynam0/ dynamo.fov S

"

SRevision: 2.5 S
SLogfile: C:/ racks /dynam0/dynasi.fov $
$ Revision: 3.36 $
SLogfile: C:/ racks / dynamo /dynas2.fov $

1 DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 297291.2,

t- (2) Maximum vertical load in any single pedestal: 112242.7

(3) Maximum shear load in any single pedestal: - 43223.2

(4) Maximum fuel-cell impact at one local position: 829.7

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0
-

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)

Location: X-direction Y-direction

Top corner: .1137 .1233
Baseplate corner: .0039 .0046

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 -R3 R4 R5 R6 R7

Above baseplate: .041 .029 .102 .117 .179 .204 .032
Support pedestal: .235 .130 .221 .220 .444 - .483 .131

* See Section 6.5.2.3 of the Licensing Report for definitions.
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'able 6.7.31T

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE:R-P198

Holtec Run I.D.: dc198p.rf5 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 198 cells loaded; Fuel centroid X,Y: .0, .0 (in.)

Coefficient of friction at the bottom of support pedestal: 0.5

$ Revision: 3.46 $
$Logfile: C:/ racks /dynam0/ dynamo.fov $$ Revision: 2.5 S
$Logfile: C:/ racks /dynam0/dynasi.fov $SRevision: 3.36 $
$Logfile: C:/ racks /dynam0/dynas2.fov S

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 312497.0

(2) Maximum vertical load in any single pedestal: 109492.6

(3) Maximum shear load in any single pedestal: 42211.1

(4) Maximum fuel-cell impact at one local position: 785.7

(5) Maximum rack-to-wall impact at bauspla',e: .0

(6) Maximum rack-to-vall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)
Location: X-direction Y-direction

Top corner: .1122 .1112Baseplate corner: .0043 .0037

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above bas' plate: .046 .026 .094 .105 .172 .196 .034
e

Support pedestal: .230 .131 .161 .220 .435 -.473 .096
_

* See Section 6.5.2.3 of the Licensing Report for definitions.
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' Table 6.7.32

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE: R-P198

Holtec Run I.D.: dc198p.rf2 Seismic Loading: Level-C

Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 198 cells loaded; Fuel centroid X,Y: .0, .0 (in.)

*

Coefficient of friction at the bottom of support pedestal: 0.2
SRevision: 3.46 5
SLogfile: C:/ racks /dynam0/ dynamo fov $

_

SRcvision: 2.5 $
SLogfile: C:/ racks /dynam0/dynasi.fov $SRevision: 3.36 $
SLogfile: C:/ racks /dynam0/dynas2.fov S

DYNAMIC IMPACT LOADS (1bs.)

(1) Maximum total vertical pedestal load: 308847.9

(2) Maximum vertical load in any single pedestal: 105309.2

(3) Maximum shear load in any single pedestal: -

20886.4

(4) Maximum fuel-cell impact at one local position: 884.7

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0
,

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)

Location: X-direction Y-direction

Top corner: .1015 .1172
Baseplate corner: .0203 .0292

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .045 .020 .097 .106 .164 .187 .018
Support pedestal: .221 . 06 ts .108 .111 .353 .376 .064

* See Section 6.5.2.3 of the Licensing Report for definitions.
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' Table 6.7.33

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE:R-P198

Holtec Run I.D.: dc198p.rh8 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 97 cells loaded; Fuel centroid X,Y: . 0, 22.0 (in.)
Coefficient of friction at the bottom of support pedestal: 0.8

$ Revision: 3.46 $
SLogfile: C:/ racks /dynam0/dynam0.fov $$ Revision: 2.5 $
$Logfile: C:/ racks /dynam0/dynasi.fov $$ Revision: 3.36 $
$Logfile: C:/ racks /dynam0/dynas2.fov $

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 157210.6

(2) Maximum vertical load in any single pedestal: 74952.8
(3) Maximum shear load in any single pedestal: 40519.8

(4) Maximum fuel-cell impact at one local position: 857.9

(5) Maximum rack-to-vall impact at baseplate: .0

(6) Maximum rack-to-vall impact at rack top: .0
_

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMDITS (in.)
Location: X-direction Y-direction

Top corner: .0972 .1577Baseplate corner: .0048 .0053

M1LXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .024 .017 .066 .065 .093 .107 .018Support pedestal: .158 .087 .203 .146 .349 - .392 .120

* See Section 6.5.2.3 of the Licensing Report for definitions.
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' Table 6.7.34

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE:R-P198

Moltec Run I.F.: dc198p.rh5 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 97 cells loaded; Fuel centroid X,Y: . 0, 22.0 (in.)
Coefficient of friction at the bottom of support pedestal: 0.5

$ Revision: 3.46 $
SLogfile: C:/ racks /dynam0/dynam0.fov $SRevision: 2.5 S
SLogfile: C:/ racks /dynam0/dynasi.fov $SRevision: 3.36 S
SLogfile: C:/ racks /dynam0/dynas2.fov $

DYNAMIC IMPACT LOADS (lbs.) 1

(1) Maximum total vertical pedestal load: 167954.4

(2) Maximum vertical load in any single pedestal: 77911.0

(3) Maximum shear load in any single pedestal: 28694.6

(4) Maximum fuel-cell impact at one local position: 823.3

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0
-

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)

Location: X-direction Y-direction

Top corner: .0998 .1376
Baseplate corner: .0133 .0171

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .026 .016 .071 .064 .099 .115 .017Support pedestal: .164 .075 .151 .127 .300- .329 .090

* See Section 6.5.2.3 of the Licensing Report for definitions.
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~ Table 6.7.35

SUMMARY RESULTS OF 3-D SINGLE RACX ANALYSIS 70R RACK MODULE: R-P198

Holtec Run I.D.: dc198p.rh2 ~ Seismic Loading: Level-C

Fuel Assembly I.D. and Weight: C 5' * *e '. O ; 680.0 (lbs.)
Fuel Loading: 97 cells loaded; Fuel centroid X,Y: .0, 22.0 tin.)

-

Coefficient of friction at the bottom of support pedestal: 0.2
$ Revision: 3.46 S
SLogfile: C:/ racks /dynam0/ dynamo.fov $
$ Revision: 2.5 $
$Logfile: C:/ racks /dynam0/dynasi.fov $
$ Revision: 3.36 $
SLogfile: C:/rar:ks/dynam0/dynas2.fov $

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum tstal vertical pedestal load: 153457.5

(2) Maximum vertical load in any single pedestal: 71809.2

(3) Maximum shear load in any single pedestal: - 13508.1

(4) Maximur, fuel-cell impact at one lacal position: 793.3

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0 (
(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)

Location: X-direction Y-direction

Top corner: .0837 .1061
Baseplate corner: .0235 .0605

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7
~

Above baseplate: .023 .010 ' ' *) .064 .095 .110 .009.-

Support pedestal: .149 .042 .L 1 .070 .218 - .232 .042

* See Section 6.5.2.3 of the Licensing Report for definitions.
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Tabla 6.7.36

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK M0DULE: R-P198

Holtec Rur. 1.D.: dc198p. reb Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 14 cells loaded; Fuel centroid X,Y: .0, 40.8 (in.)
Coefficient of friction at the bottom of support pedestal: 0.8
$ Revision: 3.46 S
SLogfile. C:/ racks /dynam0/ dynamo.fov $
SRevision: 2.5 S
SLogfilo: C:/ racks /dynam0/dynasi.fov $
$ Revision: 3.36 S
SLogfile: C:/ racks /dynam0/dynas2.fov $

DYNAMIO IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 46546.5

(2) Maximum vertical load in any sin 94e pedestal: 30305.7

(3) Maximum shear load in any single pedestal: 13697.3

(4) Maximum fuel-cell impact at one local position: 854.9

(5) Maximum rack-to-vall impact at baseplate: .0

(6) Maximum rack-to-vall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)

Location: X-direction Y-direction

Top corner: .0675 .0823
Baseplate corner: .0051 .0051

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .009 .005 .025 .030 .044 .050 .006
Support pedestal: .064 .036 .066 .060 .126- .141 .039

* See Section 6.5.2.3 of the Licensing Report for definitions.
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' Table 6.7.37

SUMMARY RESULTS OF 3-D SINGLE kACK ANALYSIS FOR RACK MODULE:R-P198

Holtec Run I.D.: dc198p.re5 Seismic Loading: Level-C
Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 14 cells loaded; Puel centroid X,Y: .0, 40.8 (in.)

] Coefficient of friction at the bottom of sOpport pedestal: 0.5

SRevision: 3.46 S
SLogfile: C:/ racks /dynam0/ dynamo.fov S

_.

$ Revision: 2.5 S
SLogfile: C:/ racks /dynam0/dynasi.fov $SRevision: 3.36 $
SLogfile: C:/ racks /dynam0/dynas2.fov $

DYNAMIC IMPACT LOADS (lbs.)
(1) Maximum total vertical pedestal load:

46544.4

(2) Maximum vertical load in any single pedestal: 29501.6

(3) Maximum shear load in any single pedestal: 10973.7

(4) Maximum fuel-cell impact at one local position: 808.0

(5) Maximum rack-to-wall impact at baseplate:
.0

(6) Maximum rack-to-wall impact at rack top: .0
.

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)
Location: X-direction Y-direction '

Top corner: .0849 .0743Baseplate corner: .0110 .0183

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .009 .006 .024 .028 .039 .044 .006Support pedestal: .062 .031 .054 .053 .116~~ 128 .032

* See Section 6.5.2.3 of the Licensing Report for definitions.
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^ Table 6.7.38

SUMMARY RESULTS OF 3-D SINGLE RACK A'NALYSIS FOR RACK MODULE: R-P198

Holtec Run I.D.: dc198p.re2 Seismic Loading: Level-C =

Fuel Assembly I.D. and Weight: GE 8x8-C ; 680.0 (lbs.)
Fuel Loading: 14 cells loaded; Fuel centroid X,Y: .0, 40.8 (in.)

.

Coefficient of friction at the bottom of support pedestal: 0.2
$ Revision: 3.46 $
$Logfile: C:/ racks /dynam0/dysamo.fov $

~

SRevision: 2.5 S
SLogfile: C:/ racks /dynam0/dynasi.fov $
SRevision: 3.36 $
SLogfile: C:/ racks /dynam0/dynas2.fov $

h DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 45888.1

(2) Maximum vertical load in any single pedestal: 26887.3

(3) Maximum shear load in any single pedestal: 5377.2

(4) Maximum fuel-cell impact at one local position: 865.2

(5) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0
,

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNER DISPLACEMENTS (in.)

Location: X-direction Y-direction

Top corner: .0507 .0539
Baseplate corner: .0243 .0392

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 R5 R6 R7

Above baseplate: .009 .003 .021 .019 .039 .045 . 0 0,
Support pedestal: .057 .014 .028 .023 .090 .096 .017

* See Section 6.5.2.3 of the Licensing Report for definitions.
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Table 6.7.39 ,

COMPARISON OF CALCULATED AND ALLOWABLE LOADS / STRESSES
AT-IMPACT LOCATIONS-AND AT WELDS

-

.. 'Value
-Item / Location' Calculated Allowable

Fuel assembly /- 970. 352'8.
_ cell wall ~ impact,,

lbs . -

Rack / Baseplate weld 9204 29820
Psi:-

,

Pedestal / Baseplate ~ .845* 1.' O
weld-

, . (dimensionless ~

- limit--load ratio)- -

- Cell / Cell welds 1940 lb.-along 6588 lbs.
height.for
impacts

..2577 lb. for base
shear

.

.

. _

.

*
Reflects limiting-. case of either single or, multi-rack

- analysis. . Also, the result conservatively neglects effect of
pedestal gussets. -
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Table 6.8.1 ~~

'

.

MAXIMUM ABSOLUTE DISPLACEMENTS OF RACK CORNERS
AT BOTH THE TOP AND BOTTOM OF EACH RACK

FROM WHOLE POOL MULTI RACK ANALYSIS
( 20 racks in the pool; cof.= random with mean=0.5;
Fully loaded with reg. fuel; Level-C seismic. )

rack uxt uyt uxb uyb

1 .5879E+00 .5602E+00 .2656E+00 .2993E+00
2 .4331E+00 .4335E+00 .1921E+00 .1645E+00
3 .4195E+00 .4719E+00 .2267E+00 .3792E+00
4 .4037E+00 .3067E+00 .2637E+00 .2059E+00
5 .6641E+00 .4404E+00 .5063E+00 .4389E+00
6 .4858E+00 .3352E+00 .1764E+00 .2568E+00
7 .5589E+00 .6253E+00 .4927E+00 .5220E+00
8 .5286E+00 .2956E+00 .3991E+00 .1874E+00
9 .1196E+01 .5968E+00 .1202E+01 .6141E+00

10 .9648E+00 .4538E+?0 .8878E+00 .3998E+00
11 .7592E+00 .4347E+00 .7238E+00 .4347E+00
12 .7187E+00 .4705E+00 .6508E+00 .4343E+00
13 .7315E+00 .8103E+00 .4021E+00 .7119E+00
14 .8767E+00 .4927E+00 .5160E+00 .3756E+00
15 .6008E+00 .3769E+00 .3907E+00 .3201E+00
16 .5597E+00 .5122E+00 .4994E+00 .4628E+00
17 .7324E+00 .8415E+00 .4514E+00 .7339E+00
18 .6161E+00 .3370E+00 .5087E+00 .2601E+00
19 .7499E+00 .7927E+00 .6522E+00 .6502E+00
20 .6989E+00 .7682E+00 .4525E+00 .5690E+00

SRevision: 1.8 S
SLogfile: C:/ racks /multirac/maxdisp.fov S

_

W &

4
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' Table 6.8.2 -

.

MAXIMUM ABSOI'E DISPLACEMENTS OF RACK CORNERS
AT BOTH TR2 TOP AND BOTTOM OF EACH RACK

FROM WHOLE POOL MULTI RACK ANALYSIS
( 20 racks in the pool; cof.= random with mean=0.5; \

Fully loaded with reg. fuel; Level-B seismic. )
. .

rack uxt uyt uxb uyb

1 .3655E+00 .2095E+00 .27PSE+00 .1993E+00
2 .2605E+00 .2051E+00 .2641E+00 .1771E+00
3 .1491E+00 .1788E+00 .1230E+00 .1580E+00 -

4 .1957E+00 .1378E+00 .1903E+00 .9076E-01
5 .3085E+00 .1643E+00 .2215E+00 .1587E+00
6 .2682E+00 .1723E+00 .2854E+00 .1450E+00
7 .2439E+00 .1970E+00 .2062E+00 .1374E+00
8 .1448E+00 .1951E+00 .1180E+00 .1722E+00
9 .3596E+00 .1987E+00 .3081E+00 .1818E+00

10 .2520E+00 .1419E+00 .2482E+00 .1404E+00
11 .3586E+00 .2097E+00 .3662E+00 .2157E+00
12 .3838E+00 .1492E+00 .4045E+00 .1437E+00
13 .2375E+00 .2311E+00 .2293E+00 .2256E+00
14 .3528E+00 .2465E+00 .3680E+00 .2386E+00
15 .2368E+00 .1267E+00 .1580E+00 .9439E-01
16 .1616E+00 .1214E+00 .1591E+00 .9232E-01
17 .1448E+00 .2161E+00 .1178E+00 .1711E+00
18 .2340E+00 .1244E+00 .2253E+00 .9398E-01
19 .2917E+00 .2448E+00 .2181E+00 .2230E+00
20 .2434E+00 .1908E+00 .2154E+00 .1941E+00

SRevision: 1.8 $
SLogfile: C:/ racks /multirac/maxdisp.fov $

__

e
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- Table 6.8.3

_
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MAXIMUM PEDESTAL VERTICAL LOADS'
FROM WHLE POOL MULTI-RACK ANALYSIS
( Fully loaded with regular fuel;

; seismic: level-c; cof.= random.)

-

l
RACK AND MAX. FORCE TIME !

,

PEDESTAL No. lbs. I

2ACK-1
1 1.482D+05 3.447D+00
2 1.525D+05 1.178D+01
3 1.444D+05 1.193D+01
4 1.337D+05 7.099D+00
5 1.534D+05 8.034D+00

RACK-2:
1 1.315D+05 1.235D+01
2 1.625D+05 1.193D+01
3 1.040D+05 3.541D+00
4 1.285D+05 1.223D+01

RACK-3:
1 1.201D+05 1.567D+01
2- 1.515D+05 1.192D+01
3 1.272D+05 1.062D+01
4 1.356D+05 1.223D+01

RACK-4:
1 8.807D+04 1.227D+01
2 9.473D+04 1.193D+01
3 1.377D+05 1.059D+01
4 1.184D+05 1.602D+01
5 1.010D+05 1.177D+01

RACK-5
1 1.327D+05 1.587D+01
2 1.303D+05 1.193D+01
3 1.219D+05 8.032D+00
4 1.743D+05 1.108D+01

RACK-6 .
1 1.428D+05 8.438D+00
2 1.049D+05 1.162D+01
3 1.054D+05 5.320D+00
4 1.517D+05 1.108D+01

RACK-7:
1 1.186D+05 8. 4 35D+00 -
2 1.119D+05 1.389D+01
3 1.292D+05 5.314D+00 .
4 1.317D+05 1.108D+01

6-85

- - . . . . . . .. . ..- - . . . . . . - -_ -. _ - - , . - - - - _ . . . ..



| . .

l

~
..

~

_ Table 6.8.3 (continued)'

.

RACK-8
1 9.657D+04 8.554D+00
2 1.002D+05 1.612D+01
3 1.024D+05 5.314D+C3
4 9.205D+04 1.587D+01

RACK-92
1 1.377D+05 1.567D+01
2 1.322D+05 1.186D+01
3 2.058D+05 1.122D+01
4 1.487D+05 1.108D+01
5 9.460D+04 1.108D+01 -

RACK-10
1 1.473D+05 1.088D+01
2 1.709D+05 6.1180+00
3 1.416D+05 1.122D+01
4 1.517D+05 1.107D+01

RACK-11
1 1.416D+05 9.323D+00
2 1.470D+05 1.184D+01
3 1.732D+05 1.058D+01
4 1.747D+05 9.865D+00

RACK-12
1 1.111D+05 1.203D+01
2 1.218D+05 1.192D+01
3 1.149D+05 5.311D+00
4 1.120D+05 8.029D+00

RACK-13:
1 1.680D+05 8.364D+00
2 1.931D+05 1.194D+01
3 1.373D+05 8.675D+00
4 1.755D+05 8.245D+00

RACK-14:
1 1.348D+05 1.587D+01
2 1.863D+05 1.195D+01
3 1.047D+05 1.121D+01
4 1.071D+05 1.112D+01

RACK-15:
1 1.021D+05 9.309D+00
2 1.565D+05 1.193D+01
3 1.112D+05 8.557D+00
4 1.616D+05 1.229D+01,

6-86
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. Table 6.8.3 (continued)
~

RACK-16 -

1 1.063D+05
'

1.568D+01
2 1.276D+05 1.193D+01
3 7.910D+04 1.058D+01
4 1.254D+05 1.229D+01

RACK-171
1 1.582D+05 1.587D+01
2 1.805D+05 1.194D+01
3 1.196D+05 1.059D+01
4 1.623D+05 1.236D+01
5 1.054D+05 8.032D+00

RACK-181
1 1.403D+05 1.037D+01
2 1.586D+05 1.194D+01
3 1.315D+05 1.063D+01
4 1.641D+05 1.109D+01

RACK-19
1 1.380D+05 9.319D+00
2 1. W D+05 1.194D+01
3 1.480D+05 1.064D+01
4 2.175D+05 1.108D+01

RACK-20:
1 1.201D+05 1.236D+01
2 1.750Dt05 1.195D+01
3 1.105D+05 1.0580+01
4 1.524D+05 1.122D+01
5 1.179D+05 8.360D+00

.

O w

e

6-87

-_ - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ __



. . ._ __ _ - . _ _ . _ _ - . - . - _ _ . - -__ _ _ - - - - _ . - _ . _ . _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _

*

Table 8.8.4- .

-
-

MAXIMUM PEDESTAL VERTICAL LOADS
FROM WHLE POOL MULTI-RACK ANALYSIS
( Fully loaded with regular fuel;

Saismics Level-B; cof.= random.)

..-m..

- :/, t.ND MAX. FORCE TIME
PL U TAL No. Iba.

RACK-1
1 9.686D+04 1.361D+01.

2 1.045D+05 1.353D+01
3 6.598D+04 1.374D+01
4 9.513D+04 7.520D+00
5 7.327D+04 1.373D+01

RACK-2:
1 9.074D+04 1.367D+01
2 1.027D+04 1.367D+01
3 6.196D+04 7.523D+00
4 8.161D+04 7.519D+00

RACK-3:
1 7.284D+04 7.433D+00
2 7.350D+04 1.528D+01
3 8.828D+04 1.527D+01
4 1.004D+05 7.515D+00

RACK-4:
1 6.565D+04 7.362D+00
2 7.058D+04 6.712D+00
3 6.768D+04 6. OD+00
4 7.809D+04 7.GsBD+00
5 6.381D+04 1.340D+01

RACK-5:
1 8.547D+04 1.366D+01
2 8.342D+04 1.375D+01
3 6.844D+04 1.537D+01
4 6.821D+04 7.518D+00

RACK-6
1 7.319D+04 1.096D+01
2 9.705D+04 1.374D+01
3 5.901D+04 8.560D+00
4 6.715D+04 7.632D+00

RACK-7:
1 7.273D+04 1.366D+01_
2 7.139D+04 1.373D+01
3 7.469D+04 1.535D+01-

| 4 8.307D+04 7.520D+00
|
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_
Table 6.8.4

.

.

.

RACK-82
1 6.951D+04 1.366D+01
2 7.621D+04 1.352D+01
3 5.936D+04 6.759D+00
4 5.352D+04 1.545D+01

RACK-9
1 1.039D+05 1.361D+01
2 1.072D+05 1.352D+01
3 9.073D+04 8.082D+00
4 6.868D+04 7.432D+00
5 6.570D+A3 7.432D+00

RACK-10:
1 1.163D405 1.367D+01
2 1.093D+05 1.353D+01
3 7.961D+04 1.006D+01
4 8.397D+04 1.414D+01

RACK-11:
1 1.102D+05 1.361D+01
2 7.821D+04 1.354D+01
3 9.440D+04 1.394D+01
4 9.227D+04 7.520D+00

RACK-128
1 7.606D+04 1.367D+01
2 8.254D+04 1.373D+01
3 6.154D+04 1.535D+01
4 5.875D+04 7.354D+00

RACK-13:
1 1.080D+05 1.367D+01
2 8.591D+04 1.367D+01
3 7.138D+04 1.382D+01
4 7.941D+04 7.430D+00

RACK-14:,

1 6.804D+04 1.360D+01'

2 9.156D+04 1.367D+01
3 6.145D+04 1.538D+01
4' 5.908D+04 1.420D+01

RACK-15:
1 7.549D+04 1.367D+01
2 7.654D+04 1.367D+01

|
~

3 6.452D+04 8.762D+00
4 7.864D+04 7.520D+0_0

~

1
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Table 6.8.4
.

,

. ..
_

'

RACK-16:
1 6.144D+04 1.096D+01
2 5.877D+04 6.761D+00
3 4.523D+04 1.5290+01
4 5.671D+04 7.451D+00

RACK-17:
1 1.076D+05 1.367D+01' '

2 8.2890+04 5.079D+00
3 6.726D+04 8.556D+00
4 6.543D+04 4.937D+00
5 6.416D+04 1.420D+01

-

RACK-18
1 9.900D+04 1.367D+01
2 8.248D+04 8.186D+00
3 6.051D+04 1.389D+01
4 7.107D+04 1.432D+01

RACK-191
1 8.362D+04 1.366D+01
2 7.858D+04 1.3540+01
3 8.376D+04 1.407D+01
4 8.476D+04 1. 407D+01

.

RACK-20t
1 6.237D+04 1.546D+01
2 6.787D+04 1.224D+01
3 6.438D+04 7.630D+00
4 8.854D+04 1.592D+01
5 8.220D+04 1.366D+01

_

8
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Table 6.9.1

AVERAGE BEARING PAD PRESSURE
COMPARISON OF CALCUIATED AND ALLOWABLE STRESSES

STRESS fesi)

Max. Load
Pad Size flb.) Calculated Allowable

15.0 x 15.0 217500 967 2380*
(no leak
chase)

(based on concrete
strength fe' = 2000

.
Psi)

.

.

-

. . --

_

*
factor E = 2 6-91

4 4
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_ _ 7.0' ACCIDENT ANALYSIS AND'MISCET T ANEOUS STRUCTURAL EVALUATIONS
_

7.1- Introduction *

This section provides results of accident analyses and

miscellaneous evaluations performed to demonstrate regulatory

compliance of the new fuel racks.

t

The following limiting accident and miscellaneous structural

evaluations are considered:

Refueling accidents drop of fuel assembly from 30"
~

* -

above the rack to top of rack or through a cell to the
baseplate

Analyses of tool drops from the elevated worktable.

| Uplift load of 1200 lb. (UFSAR condition)-

Local cell wall buckling-

Analysis of welded joints due to isolated hot cell-

-

7.2 Refuelina Accidents

7.2.1 Droceed Fuel Assembly

The consequences of dropping a fuel assembly as it is being moved
,

over stored fuel is discussed below. Based on the highest lift of

a fuel assembly, the maximum distance from the bottom of a fuel

assembly, travelling over fuel racks, to the top of the rack is

30".
_.

| a. Droceed Fuel Assembly Accident (Demo Dron Scenario)

A bounding 680 lb. fuel assembly pluu channel is assumed
to be dropped from 30" above the top of a storage
location and impacts the base of the module. Local
failure of the baseplate is acceptable; however, the rack
design should ensure that gross structural failure does

_ not occur and the subcriticality of the adjacent fuel
assemblies is not violated. Calculated results show that
there will be no change in the spacing between cells.
Local deformation of the baseplate in the neighborhood
of the impact will occur, but the dropped assembly will

7-1
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be contained and~not impact _the liner. We show that the
maximum movement of the baseplate toward the liner after
the impact is less than 1.25". Any load transmitted to
the liner through the support by such an accident is well
below the loads caused by seismic events (given in
Section 6).

| b. Droceed Puel Assembly Accident (Shallow Drop Scenario)

L one fuel assembly plus the channel is assumed to be
dropped from 30" above the top of the rack and impacts
the top of the rack. Permanent deformation of the rack4

is acceptable, but is requ ced to be limited to the top
region such that the rack cessa-sectional geometry at the
level of the top of the active fuel (and below) is not
altered. It is shown that damage, if it occurs, will be
restricted to a depth of 3.2" below the top of the rack.
This is above the active fuel region.

c. Droceed Fuel Assembly Accident (Inclined Dron)

One fuel assembly is assumed to be dropped from 30" above
the top of the rack and hits the rack so as to impose
both horizontal and vertical impulsive force. We show
that damage to the fuel rack is also confined to regions
above the active fuel.

d. Analysis of Tool Droos

Commonwealth Edison intends to retain the hinged
worktable over the spent fuel pool, and therefore, an
evaluation of the effects of dropped tools and equipment
is required. It is shown that damage is again confined
to a region of the cell above the active fuel if we -

consider a bounding scenario of tool weight and drop
height,

e. Unlift Loads

An uplift load of 1200 lb. may be imposed on one coll.
The stresses in the rack imposed by this load are bounded
by the stresses induced from other accident conditions
described in this section.

7.3 Local Bucklina of Fuel Cell Walls

This subsection and the next one presents details on the secondary

stresses produced by buckling and by temperature effects.

_
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_ The~ allowable local buckling stresses in the fuel cell walls are

obtained by using classical plate buckling analysis. The following
~

formula for the critical stress has been used based on a width of
cell "b" [7.3.1):

8 met 2 2

a = x
2 2

12 b (1 - 4 ) 3-

The factor 2/3 is applied to ensure an appropriate safety margin.

o is the limiting vertical compressive stress in the tube, E=u
#2 7. 9 x 10' ps i , y = 0. 3 , (Poison's ratic), t = .09", b = 6.05". The

factor B is suggested in (Ref. 7.3.1) to be 4.0 for a long panel.

For the given data,

o = 14881 psiy

It should be noted that this stability calculation is based on the

applied stress being uniform along the entire le.ngth of the cell

wall. In the actual fuel rack,- the compressive stress comes from

consideration of overall bending of the rack structures during a

seismic event and as such is negligible at the rack top and maximum

at the rack bottom. It is conservative to apply the above equation
bto the rack cell wall if we compare e with the maximum compressivey

stress anywhere in the cell wall. As shown in Section 6, the local

buckling stress limit is not violated anywhere in the body of the

rack modules. The maximum compressive stress in the outermost cell

is obtained by multiplying the limiting value of the stress factor

& (for the cell cross-section just above the baseplate) by the
(

R x allowableallowable stress. Thus, from Table 6.7.2, o = 6

stress = .249'x 25000 = 6225 psi under faulted conditions.

,

M m

9

7-3



_- . . - ~. .~ , -_

_

-

..

7.4~ Analysis of Welded Jointo in Rack due to Isolated Hot
Cell

.

In this subsection, in-rack welded joints are examined under the
loading conditions arising from thermal effects due to an isolated
hot enll.

A maximum thermal gradient between cells will develop when an
isolated storage location contains a fuel assembly emitting maximum
postulated heat, while the surrnnding locations are empty. We can
obtain a conservative estimate of wald stresses along the length
of an isolated hot cell by considering a beam strip (a cell wall)
uniformly heated and restrained from growth along one long edge.
The strip' is subject to a uniform temperature rise AT = 41.8'F.

The temperature rise has been calculated from the difference of the

maximum local water temperature and bulk water temperature in the
spent fuel pool. (see Tables 5.8.2 and 5.8.4). Then, using a shear
beam theory, we can calculate an estimate of the maximum value of

the average shear stress in the strip (see Figure 7.4.1).

The final result for wall maximum shear stress, under conservative

restraint assumptions is given as (7.5.1]:

E a AT

.931

4 6where a = 9.5 x 10 in/in 'T and E = 27,9 x 10 psi.

Therefore, we obtain an estimate of maximum weld shear stress in

an isolated hot cell as

r = 11900 psimo

_

>b

-
i

i
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. Since this is a secondary-thermal stress, it is appropriate to
_

compare this to t.he allowable weld shear stress for a faulted

event i < .42S, a 29820 psi. In the fuel rack, this maximum stress

occurs near the' top of the rack and does not interact with any

other critical stress.

7.5 References for Section 7*

(7.3.1) " Strength of Materials", S.P. Timoshenko, 3rd
Edition, Part II, pp 194-197 (1956).

[7.5.1) " Seismic Analysis of High Density Fuel Racks,
Part III -Structural Design Calculations -

Theory", HI-89330, Revision 1, 1989.
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8.0 ANALYSIS OF SPENT FUEL POOL STRUCTURE

8.1 Descrietion of Sbent Fuel Pool

The La Salle spent fuel pool (SFP) is a stainless steel lined

reinforced concrete structure in the La Salle Reactor Building.
Sketches of the pool structure are provioed in Figures 8.1 through
8.4. The pool is 38 feet deep, 40 feet long and 34 feet wide with

walls that are a minimum of 6 feet thick. The pool floor and walls

are lined with a 1/4 inch continuously velded stainless steel liner -

anchored to steel embedments. The pool structure consisting of the
cask storage area, spent fuel pool, and new fuel storage area is

supported by the containment and Reactor Building walls which

extend down to the Reactor Building mat foundation. The SFP north-

south walls span between the Unit 1 and Unit 2 containment

structures with intermediate support provided at the center of

their spans by the east-west wall along column line 15, which
separates the two units. The pool slab varies in thickness from

6'-0" in the SFP to 4'-10" in the cask storage area and l'-6" in

the new fuel storage area.

The SFP slab is reinforced with #11 bars at 6" typical in each

direction and in both faces. An additional layer of #11 bars at

12" in each direction in the top tr.ce is provided in the corners of
the SFP slab. The cask shipping slab is reinforced with #11 bars

at 6" in each direction and in both faces. The new fuel storage

area slab is reinforced with #10 bars at 6" in each direction and
in both faces. The pool structure walls are rninforced with #11

bars at 6" vertically and horizontally in both faces.

-

6 *
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8.2 Codes. Standards and Soecifications
.

The La Salle design basis codes were utilized in the analysis.
Consistent with the UFSAR (8.1), the concrete SFP structure was
evaluated using ACI 318-71 (8.2). ACI 349-85 (8.3) guidelines were
utilized for treatment of thermal effects.

The loads and load combinations used to evaluate the SFP and
supporting elements are consistent with the La Salle Design
Assessment Report (8.4) load combinations. In addition, the load

combinations meet or exceed the load combinations specified in the
La Salle UFSAR. Loads and load combinations are presented in
Section 8.5, and the resulting design margins are discussed in
Section 8.6.

8.3 Seismic. Imnact and Thermal Loads

Interaction between the high density fuel racks (HDFRs) and the SFP
is considered in the structural' evaluation of the slab and walls.
The HDFRs may be completely or partially filled with spent fuel
assemblies to achieve the critical loading conditions. The loads
from the high density spent fuel racks based on dynamic time

history analyses, and the associated hydrodynamic loads, are used

to obtain- pressure loads for the SFP static finite element
analyses.

The overall vertical and horizontal seismic and SRV loads on the
slab consider the effects of all pool contents including fuel
assemblies, racks and water. The seismic and SRV loads from the
water were determined by taking the water mass times the
appropriate vertical accelerations. The Level B and Level C
vertical response spectra are shown in Figures 6.3.9 and 6.3.12,
respectively. The vertical and horizontal forces acting on the

slab from the HDFRs were determined by taking the maximum value of
the sum of all pedestal forces at each time step in the pedestal

8-2
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force time histories obtained from the whole pool dynamic time
history analysis of the high density fuel racks.

The critical loading on the slab is produced when all fuel racks

are fully loaded. The DYNARACK analysis method produces a time
history of all support pedestal / pool slab loadings including the

condition of pedestal lift-off. These pedestal loads include the
'

contribution of rack-to-bearing pad impact and therefore, there is

no need to apply empirical impact factors. Other analyses

involving partially loaded and empty racks are addressed in

Section 6.

Hydrodynamic effects on the pool walls from the bulk pool water and
the effects of the racks as they approach the wall during a

postulated dynamic event are considered in the analysis of the

spent fuel pool. Fluid coupling pressures on the walls are given
in Table 8.1. The effects of sloshing of the pool water during a

seismic event have been applied as pressure loads on the wall in

accordance with the procedure described in Reference (8.5]. The
Level B and Level C horizontal dynamic response spectra are shown

in Figures 6.3.7, 6.3.8, 6.3.10 and 6.3.11.

The maximum rack loads determined from dynamic rack analyses and "

used in the SFP evaluation are-tabulated in Table 8.1. Table 8.2

gives the bounding temperatures for the La Salle SFP as 128'F for

the normal condition and 212*F for the abnormal condition.
,

8.4 Liner Leak Tichtness

To provide for ~the leak tightness of Lha liner, the rack layout has,

been established to ensure that none of the rack pedestal feet or
bearing plates rest on the liner leak chase system. The rack

layout drawings clearly show the relationship between the rack feet

_

e
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and the leak chase system.' The liner, liner velds, and anchorages
have been assessed for the effects of horizontal forces from the

' rack pedestals and have been found to be acceptable.

8.5 Loads and Load Combinations

*

Loads and load combinations for evaluation of the SFP are listed in
Table 8.3. These loads and load combinations envelop the criteria

as delineated in the La Salle UFSAR (8.1) and the La Salle Design

Assessment Report (8.4). Governing loads and load combinations

were determined to calculate the controlling stresses. Thermal
effects are considered in accordance with ACI 349-85, Appendix A

(8.3).

. original design basis loads such as dead load, hydrostatic load,

and earthquake loads resulting from the overall seismic analysis of
the Reactor Building were considered in the SFP evaluation. As

discussed in Section 8.3, hydrodynamic loads on the spent fuel pool
have been determined based on the La Salle design basis response

spectra. The dynamic loads were conservatively assumed to act in
phase when determining the maximum stresses in the pool. For

example, the peak rack seismic, pool water seismic and slab inertia
effects were all assumed to act downward on the pool slab at the -

same time.

,

8.6 Analveis Procedure

A Finite Element Method (FEM) analysis was utilized to investigate

the structural behavior of the entire pool. A plot of the FEM

modul is presented in Figure 8.5. The FEM analysis results were

used in concrete section analyses to determine reinforcing and

concrete stresses. These stresses were used to establish the

design margin in the pool and its ability to safely support the

loads associated with the new high density fuel racks _.
.
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When excited by the variou's postulated dynamic events, the racks
are capable of producing vertical loads, horizontal friction loads,

on the floor and horizontal fluid coupling forces on the walls.

The rack loads in the analysis were treated as overall uniformly

distributed loads.

The local effect of the concentrated loads at the rack feet has
'

been determined to be within the allowable stresses for the

concrete fill slab.

The pool temperatures of 128'F and 212*F were considered as uniform

temperatures in the FEM analysis. Based on the guide)ines of ACI'

349-85, the cracked sc7 tion properties of the SI? walls were used

in the analyses. The effect of the thermal gradient through the

walls was then considered in the concrete section analyses.

Seismic shear forces in the pool walls were calculated in the

original La Salle design basis seismic analysis of the Reactor

Building. These shear forces have been included in the evaluation

of the SFP walls. Seismic input for the analysis of the Reactor

Building was based on the La Salle SSE ground motion acceleration

of 0.20g and OBE ground motion acceleration of 0.10g as specified

in the La Salle Updated Final Safety Analysis Report (8.1).

The FEM personal computer (PC) program, SAP 90 (8.6), was used for

j the analysis of the SFP. SAP 90 has been validated in accordance

with the appropriate quality assurance requirements. Validation of

the program has shown that results produced by the program are

comparable to results from other FEM programs used to perform

safety-related finite element analysis of spent fuel pools. The

concrete SFP structure is modeled utilizing quadrilateral shell

elements.
*

_
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The results of the FEM structural analysis were used as input to
.the TEMCO computer program (8.7) which calculates reinforcing steel
and concrete stresses. TEMCO, which has been validated in

accordance with the appropriate quality assurance requirements,
calculates reinforcing and concrete stresses based on cracked

section properties of a plate section subjected to in plane axial
and shear loads, bending and torsional moments, and thermal

| gradient load. Calculated stresses are compared with allowables to
j verify that tension in reinforcing steel does not exceed 0.9 Fy and
compression stress in concrete does :.ot exceed 0.85 f'c.

Temperature gradient effects are accounted for in :he program by
calculating the stresses in the reinforcing due to the thermal

gradient and the applied section loads. Section geometry and
reinforcing are shown in Figures 8.1 through 8.4. Five locations

for TEMCO analysis were chosen, based on the results of the finite

element analysis of the pool structure, to determine the maximum

stress conditions. Figures 8.1 and 8.2 identify these locations.
The FEM analysis results for the remaining pool elements confirmed
selection of the controlling sections.

The resulting reinforcing steel stresses from TEMCO are presented
in Table 8.4 and show a minimum reinforcing tensile stress design

| margin of 1.7. The maximum compressive stress in the concrete

occurred in Section 5 under load case 7. The ratio of the
allowable stress over the actual stress was 1.6. Design margins
have been calculated based on an allowable concrete compressive

' stress of 0.85 f'c and an allowable tensile stress of 0.90 Fy. The
critical element for shear stress is Section 2. The ratio of the

'

; allowable shear stress over the actual shear stress was 1.7 for

this element for critical load case 7.

.-

-
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A finite element analysis has been performed to provide a

structural assessment to demonstrate that the spent fuel pool for
| La Salle Station, Unit 1 can support new loads associated with the

installation of HDFRs. The stresses in the pool have been shown to
be well within the La Salle UFSAR allowables and the ACI 318-71
allowables demonstrating that the La Salle spent fuel pool is

j capable of supporting the new rack and fuel loads.

8.8 References for Section 8

(8.1) La Salle Station Updated Final Safety Analysis
Report.

[8.2) ACI 318-71, " Building Code Requirements for
Reinforced Concrete," American Concrete Institute.

(8.3) ACI 349-85, " Requirements for Nuclear Safety-
Related Structures," American Concrete Institute.

[8.4) -La Salle Station Design Assessment' Report, Revision
9, June 1981.

[8.5) "Dynanic Pressure on Fluid Containers", Nuclear
Reactors and Earthquakes, TID-7024, U.S. Atomic
Energy Commission, August 1963.

[8.6) E. L. Wilson and A. Habibullah, " SAP 90, A Series of
Computer Programs for the Static and Dynamic Finite

' Element Analysis of Structures", Computers and
Structures, Inc. Berkeley, California, July 1989.

[8.7) TEMCO/PC, Peinforced Concrete Sections Under'

Eccentric Loads ~and Thermal Gradients, S&L Program
No. 03.7.255-1.0, dated June 1991.
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TABLE 8.1
8UMMARY OF MAIIMUM RACK LOAD 8 ON SFP

_ i

DEAD LOAD

| Submerged Rack and Fuel 2.29 ksf
Assembly

VERTICAL LOAD ON SLAB |

Level B Spectrum 0.697 KSF ,

Level C Spectrum 1.464 ksf

FRICTION ON SLAB

Level B Spectrum 0.74 ksf (N-S); 1.12 ksf (E-W)

Level C Spectrum 1.19 ksf (N-S) ; 1.55 ksf (E-W)

FLUID COUPLING PRESSURE ON WALLS (MAXIMUM)
Level B Spectrum 0.43 ksf

Level C Spectrum 0.60 ksf

.

TABLE 8.2
TEMPERATURE CONDITIONS

Normal Operating Temperature 128'F

Accident Temperature 212*F

_

gur

op
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TABLE 8.3
CEITICAL LOAD COMBINATIONS

o.acription me. O L tc t. r- t, e, try

Lormat i 1.4 1.7 1.4 1.3 - - - -

1.5 ( I )Wormat + SRV twithout 70) 2 1.4 1.7 1.4 - - - -

1.3 ( Ihermat with say + To 3 1.0 1.3 1.0 1.0 - - -

Severe Envireewtel 4 1.05 1.3 1.05 1.05 1.4 - - -

1.25(I)Sever,Envircrvnentet + stv 5 1.0 1.0 1.0 1.0 1.25 - -

1.25 ( 2 )1.0
_Abnorme| with SRV 6 1.0 1.0 1.0 - -

1.0 1.0 1.0( 2 )Abnormat Extrane ? 1.0 1.0 1.0 - -

Envirervnental with say
_

where:

Dead loads and vertical water pressureD =

Live loadsL =

4 = Lateral hydrostatic water pressure

T, = Normal operating temperature

operating basis earthquakeE =

T, = Accident Temperature
-

E, = Safe shutdown earthquake

SRV = Safety / Relief Valve Loads

Notes:

1) Use level B SR7
2) Use level C SRV

. . .

w

p *

A
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TAELE S.4
SPENT FUIL POOL STRUCTURE

REINFORCEMENT TEMPILE STRESS SUMMARY
FOR DESIGN BASIS LOAD COMBIMATIONS.

, _ _ .

'

1 Max TeasilSStitess$th $i' M E hDesigd.[ Margin) [CriticalS. Load
i.Bection 2

-(Notes - - w r._ . % ~wsw #m ~ ~ u-e -. w~< , 4(Note 4)V 3 Case!jWote 6)Borisontal East < A verticalENorth 7 # '

<

1).- #
_ Wasti(Note?2)i O: Y 50uth'"(NSte'3)I# ?!G P "

_

1 14.9 15.7 3.4 7
2 7.5 7.4 7.2 7
3 25.8 32.7 1.7 2

4 20.0 26.2 2.1 2
_

5 7.4 13.4 4.0 7

_____ ___ _____ .
.

1. See Figures 8.1 and 8.2 for section locations.
2. Tensile stress in horizontal steel for walls or in East-West

direction for steel in the SFP slab.
! 3. Tensile stress in v3rtical steel for walls or in North-Southj direction for steel in the SFP slab.

4. Design Margin = Allowable Stress / Actual Stress
5. l.llowable stress in reinforcement = 0.90 Fy = 54 ksi
6. Sections 1 and 2 were controlled by load combination 7~

without thermal

.

m
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9.0~ RADIOLOGICAL EVALUATTON -

9.1 Puel Handline Accident
,

R
The design basis feel handling accident (dropped assembly) is

described in Section 15.7.4 of the LSCS UFSAR. The accident
involves a drop of a spent fuel assembly onto the reactor core when
the reactor vessel head is removed. Analysis of the design basis
fuel handling accident is based on the methodology given in.

Regulatory Guide 1.25 and NRC Standard Review Plan (SRP) 15.7.4.
m

In accordance with Regulatory Guide 1.25: a peaking factor of 1.5

was applied to the radionuclidic inventory of each damaged fuel
rod; 10% of the radioactive iodine and 10% of the noble gasses (30%
f or Kr-85) are assumed to be released from the damaged fuel rods
into the pool water; 100% of the released noble gasses and 1% of
the released radioactive iodines are assumed to exit the water and
become airborne in the secondary containment; airborne activity
within the secondary containment is released to the atmosphere over
a 2-hour period through the SGTS; SGTS exhaust filter removes 90%
of the iodines. The number of fuel rods damaged by the dropped
assembly was calculated based on the kinetic energy of the falling
fuel assembly, on the number of fuel assemblies impacted, and the
minimum impact energy required to result in cladding failure. ~

Radiological consequences of the accident were determined to be
well within 10CFR100 limits.

The severity (i.e., radiological consequences) of a fuel handling
accident in the spent fuel storage poc1, incorporating a high
density storage configuration, would not exceed that due to the
design basis analysis addressed in Section 15.7.4 of the LSCS
UFSAR. As such, the fuel handling accident analysis presented in
the LSCS UFSAR remains valid.

__

o
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- 9.2 ftaseous Releases ~

-

.

The LSCS --1 spent fuel racks are currently authorized to store
approximately one-and-a-half full cores. The proposed expanded
capacity racks can accommodate more than five full core loads. To
evaluate the radiological impact of the existing pool arrangement,
it is assumed to contain one full core of newly removed spent fuel
assemblies with the remaining storage spots (316) occupied by fuel
which has been stored for one year or more. The proposed new
storage arrangement will permit the storage of fuel assemblies as
above, plus more fuel assemblies that are much older. Table 9-1
illustrates the age of the fuel assemblies that can be stored in
the current pool vs. the new proposed pool arrangement with a
refueling discharge of 256 fuel assemblies per refueling.

It is important to note that the difference between the

radiological impact for the currently authorized storage pool
capacity and the expanded storage pool capacity is. attributable to
the presence of the additional aged spent fuel in the expanded
capacity racks.

The aged spent fuel in the expanded capacity racks will not contain
significant amounts of radioactive iodine or short-lived gaseous
fission products, since these would have decayed during the storage
period. Based on the information in Reference 1, Krypton-85 that
might escape from defective fuel assemblies has been shown to do so
qui ;kly (i.e. , within a short time af ter discharge from the core) .
Further, the residual Krypten-85 will be contained within the fuel
pellet matrix and hence, any leakage would occur at very low rates.

.

Based on this. information, the only significant gaseous
radionuclide remaining in the old spent fuel is Kr-85. The release

rate of this nuclide from old spent fuel is negligible. Therefore,
__

Sr
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the addition of two or more year old spent fuel to the pool is not
expected to have any significant impact on airborne releases from
the station.

9.3 Solid Radwaste

In a survey (Reference 2) of spant fuel storage pool experience,
Johnson, at Battelle pacific Northwest Laboratories, has shown that
typical concentrations of radionuclides in spent fuel pool water

4range from 10 #Ci/ml, or less, tc,10*I #Ci/mi with the higher value
associated with refueling operation. Isotopic measurements of the

nuclides confirm that a major fraction of the radionuclido activity
in the spent fuel pool water results from activated corrosion

products dislodged from fuel element surfaces during refueling
operations or carried into the spent fuel pool water (with some
fission-product radionuclides) by mixing the pool water with
primary system water during refueling. These sources of storage
pool radionuclides depend upon the frequenc'y of refueling

operations and are basically independent of the total number of
spent fuel assemblies in storage.

<

.

Once frel-handl!.ng operations are completed, the mixing of pool
water sith primary system water ceases and these sources of

radionuclides decrease significantly; only dissolution of fission-
products absorbed on the surf ace of fuel assemblies and low erosion
levels of corrosion product (crud) depositions remain. These,

however, are removed through the-operation of the fuel pool ct.,oling
and cleanup system. With aged fuel (5 or more years of storage),
neither of these latter uources would be etxpected to contribute
significantly t'o the concentrations of radionuclides in the storage
pool.

-

er
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This is further supported by measurements of the principal

radionuclide ronematrations made in both Quad cities (QO) spent
fuel storage pools during reactor operation (Reference 3). As
shown in Table 9-2, the pool water radionuclidc concentrations are
not sigaificantly affected by the number of spent fuel assemblies
stored in the pool; over three (3) times as many spent fuel
assemblies are stored in the QC Unit 1 pool as in the QC Unit 2

|

pool, but both pools have essentially the same ca-134, cs-137 and
co-60 radionuclide concentrations. This observation lends
credibility to the expected low contribution from aged spent fuel
in storage.

i

similar measurements made at the Dresdon Unit 2 pool (which is
similar to the Quad cities pool) indicated that the contribution,
if any, from aged spent fuel vill be very small or negligible in
comparison to the higher activity levels (especially during
refueling) of freshly discharged spent fuel assemblies. The
Dresden measurements also shov that the higher radionuclide
concentrations that are measured during refueling operations

,

dropped rapidly (within 2 acnthe) sc near the pre-fueling levels
even Clough the pool contained the f*teshly discharged spent fuel
removed from the reactor.

In view of the above, it is concluded that the additional storage
capacity of the expanded spent fuel pool will not measurably alter
the currently approved radiological impact or impose any
significant. additional burden on the cleanup system as a result of
corrosion-product radionuclides or fission-product carry-over from
the primary system during refueling operations.

Operation of the cleanup demineralizer system and frequency of
resin replacement is determined primarily by requirements for water
clarity rather than the loading of fission product radionuclides.

.

J
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The amount of suspended pa'rticulate material that must be removed
to maintain the desired water clarity is determined by the
frequency of refueling operations and should be independent of the
number of spent fuel assemblies stored. Thus, the expanded

capacity of the storage pool is no't expected to significantly alter
the frequency of resin or filter media replacement above what is
currently experienced, or the personnel radiation exposures during
maintenance operations.

9.4 Egrsonnel Ernosur.g

The spent fuel pool at LaSalle county Station - Unit 1 is pt % fed
with

6-foot thick concrete shielding on the sides and bottom. A minime
of 23 feet of water will be maintained above the top of the active
fuel in the stored assemblies (Reference 4) . Area radiation levels
that would be caused by stored spent fuel assemblies in the
existing racks are presented in the LSCS UPSAR (Reference 5). The
shielding effectiveness and thw projected area radiation levels
have been recalculated based on the proposed new racks.

For the new calculations (neference 6), the fuel was assumed to be
in the core for three years while the reactor was operating
continuously at a power level of 3323 MWt. For conservatism, the

full core of 764 fuel assemblies was assumed to have been removed
from the reactor and stored in a 28 x 28 storage matrix next to the
pool wallw. The calculated dose rates at the side and bottom of
the pool are plotted in Figure 9-1, as a function of time after
shutdown. As can be seen from Figure 9-1, the dose rates below the
pool remain well under 1 mrem /hr and those outside the pool walls
are 2.5 mrem /hr with 5-day old discharged fuel and 1 mrom/hr with
approximately 22 day old discharged fuel. In other words, by the
time a normal refueling outage is over, the dose rates all around

_
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the pool would be less t'han 1 mram/hr. For up to two weeks

following discharge, the dose rates in a few areas around the pool,

may be in the range of 1 in 2.5 arem/hr. Based on these
conservative calculations, the areas affected are the storage

area north of the pool, access corridors west of the pool at
elevation 807 feet 0 inches and 820 feet 6 inches, and the
equipment removal areas east of the pool at elevation 807 feet 0

* *

inches and 820 feet 6 inches. The effect on personnel exposure is
expected to be negligible.

The dose rates above the pool due to direct radiation shine from
the stored spent fual were calculated to be less than 1 x 10 4

mram/hr.

Based on industry experience (Reference 2), I.SCS-1 pool water is
expected to have a radionuclide concentration of approximately 10"
4Ci/cc. The addition of two or more year old aged spent fuel
should have no significant impact on the radionuclide concentration
in the water. Therefore, the activity in the fuel pool water due
to spent fuel storage within the expanded storage capacity will not
impact the dose rates in tha vicinity of the fuel pool.

It can also be concluded from the trend seen in Figure 9-1 that the
presence of additional spent fuel, which would be at least one-year~

old, will have no significant impact on the dose rates to areas
surrounding the pool. Therefore, it is concluded that the
increased spent fuel storage capacity and new rack arrangements do
not have any adverse effects on the in-plant radiation levels.

'

|

..

o
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9.5 Anticipated Exoosures Durina Reracking
.

| Prior to the installation of the new racks, the spent fuel

| assemblies stored in the Unit 1 spent fuel pool will be transferred
underwater through the spent fuel transfer canals and spent fuel

cask pit to the Unit 2 spent fuel storage pool.

Af ter underwater transfer of all the spent fuel elements and stored

radioactive items to the Unit 2 pool, the Unit 1 pool and racks

will be monitored and decontaminated as required. The racks will

be disassembled into their components using divers. The components

will be cut to conianient lengths before or after being lifted out

of the pool by the reactor building crane. The rack

components / pieces will be monitored and decontaminated as required.
| The pieces will then be prepared for offsite shipment in accordance

with NRC requjrements and Ceco procedures. The rack pieces will be
moved to tha Unit i refueling floor equipment hatch and lowered

down to the ground floor by the reactor building crane.

Tho high-density spent fuel storage rack modules will arrive onsite

on the carrior's trucks. Any necessary pre-installation

examination by station personnel will be made before the rack

modules are moved up the Unit 1 equipment batch area of the reactor
building. The requiroments for reactor building secondary

containment will be maintained as the racks enter the reactor

building.

| The reactor building crane will raise the now storage rack modules
| to the refueling floor for interim storage, preferably along the

j cast vall. The reactor building crane will move tha new storage

rack modules at an approximate height of two feet above the floor,

except for obstacles where a height of approximately 6 feet above

the floor.is permitted. The crane will transport the new storage

.-

e
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racks to the Unit i spent fuel storage pool and lower them into the

pool. When the storage racks are positioned and leveled in the,

pool, the final check and tests, if any, will be completed. The i

Unit i spent fuel elements temporarily stored in the Unit 2 pool
will then be transferred underwater through the spent fuel cask

| storage pit and transfer canals to the Unit 1 pool, as desired.

1

For the purposes of estimating exposure, the raracking operation is
broken into three tasks. The first is the underwater

decontamination and disassambly of the existing racks. The second
task in the packaging and preparation for shipment of the racks

removed from the pool. The last task is the installation of the

new racks. The dose received by workers transferring the spent

fuel assemblies to the Urit 2 spent fuel pool and back into the

Unit 1 pool is expected to be small because this operation will be

similar to a normal refueling operation.

| The estimated exposure associated with the Unit i reracking for
| high density storage is less than 10 man-rem. This esulmate is

| based on the Unit 2 raracking, which resulted in a total exposure

of 11.1 man-rem (6.5 man-rem for underwater operations, 3.7 man-rem

for packaging and 0.9 man-rem for installation) . The expecure

during Unit i raracking is expected to be less than that acquired

during Unit 2 raracking, because experience gained from the Unit 2

reracking job will be incorporated into job planning for Unit I

reracking. Additional measures are being taken to minimize the

dose which will result from Unit i raracking (e.g., the Unit 1

spent fuel storage pool was vacuumed in February 1992, in order to

- reduce radioactive crud deposits).
.

1

--
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1. NUREG-0575, Vol. 1,*" Final Generic Environmental Impact *-
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Power Reactor Fuel," USNRC, August 1979.

2. A. B. Johnson, Jr., " Behavior of Spent Nuclear Fuel in
Water Pool Storage," BNWL-2256, September 1977.

3. " Spent Fuel Pool Modification for Increased Storage '

Capacity," Quad Cities Nuclear Units 1 & 2, Docket Nos. I

50-254 & 50-265, March 1981 (with addendum). '

4. LaSalle County Station - Unit 2 Technical Specification,
Section 3.9.9.

5. LaSalle County Station Updated Final Safety Analysis
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6. Sargent & Lundy Shielding Calculation No. 3-SF-2, Rev.1,
| for LSCS-2, October 20, 1986.
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TABLE 9-1

EXISTING VERSUS PROPOSED SPENT TUEL STORAGE POOL CAPACITY

Ace of Puel (Years) Existina Racks New ProDosed Racks

0 764 764

1 256 256

2 60 256

3 256-

4 256-

5 256-

6 256-

7 256-

8
~

256-

9 256-

10 256-

,

11 256-

12 256-
,

| 13 150-

| Total 1080 3986
|
|

.
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TABLE 9-2

OBSERVED RADIONUCLIDE CONCENTRATIONS IN, QUAD CITIES
SPENT FUEL STORAGE POOL WATER

(Both Units operating)

spent Fuel #Ci/co
Assemblies

Date in Pool cs-134 Cs=137 co-60

QC Unit 1

4/27/81 1139 2.6 x 10'' 7.9 x 10'' 7.1 x 10'5-

5/18/81 1139 5.5 x 10'' 1.8 x 10'' 1.8 x 10''
5/24/81 1139 4.5 x 10' 1.7 x 10'' 1.9 x 10''

*

56/1/81 1139 9.2 x 10 3.0 x 10'' 3.9 x 10''
.

QC Ursit 2

4/27/81 353 2.4 x 10'' 7.8 x 10'' 2.7 x 10''
55/18/81- 353 7.1 x 2 0 2.2 x 10'' 9.5 x 10''
55/24/81 353 6.5 x 10 2.6 x 10'' 6.1 x 10'I

6/1/81 353 8.5 x 10'' 2.8 x 10'' 2.1 x 10''

* Reference'3
"

_

4
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Tigure 9-1, Calculateci Dose Rate Near the - (

Spent Tuel Storage Pool Vith High Density
Storage Racis
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- 10.0 BORAL SURVIILLANdE PROGRAM -

.

10.1 Purnoss

|

Boral", the neutron absorbing material incorporated in

the spent fuel storage rack design to assist in controlling system

reactivity, consists of finely divided particles of boron carbido

(B,c) uniformly distributed in type 1100 aluminum powder, clad in
type 1100 aluminum and pressed and sintered in a hot-rolling

process. Tests simulating the radiation, thermal and chemical

environment of the spent fuel pool have demonstrated the stability

and chemical inertness of Boral (References 1 - 3). The accumu-

lated dose to the Boral over the expected rack lifetime is

estimated to be about 3 x 10'O to 3 x 10" rads depending upon how
the racks are used and the number of full-core off-loads they may

experience. Based upon the available information, Boral is

considered a satisf actory material for reactivity control in spent

fuel storage racks and is full'y expected to fulfill its design

function over the lifetime of the racks. Nevertheless, it is

prudent to establish a surve. uance program to monitor the

integrity and performance of Boral on a continuing basis and to

assure that slow, long-term synergistic effects, if any, do not

become significant. Purthermore, the April 14, 1978 USNRc letter

to all power reactor licensees (Reference 4), specifies that

" Methods for verification of long-term
material stability and mechanical integrity of
special poison materials utilized for neutron
absorption should include actual tests."

.

The purpose of the surveillance program, is to

characterize certain properties of the Boral With the objective of

providing data necessary to assess the capability of the Boral

panels in the racks to continue to perform their intended function.
.
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| The surveillance program should also.be capable of detecting the
onset of any significant degradation with ample time to take such
corrective action as may be necessary.

The Boral surveillance program depends primarily on
representative coupon samples to monitor performance of the

absorber material. The principal parameters to be measured are the
neutron attenuation (to monitor for the continued presence of

boron) and the Boral thickness (to monitor for possible swelling).

Whilu degradation is not expected, should the measured
parameters suggest possible degradation of the Boral, additional

coupons may then be tested. Should these additional tests confirm
degradation, an engineering evaluation will be undertaken to define

the magnitude of the problem, if any, and prudent corrective action
taken. Provision is also included to augment the coupon
measurement program by in-situ testing (Blackness Tests) as

required in the event significant degradation may be indicated by
,

the coupon measurements.

10.2 COUPON SURVEIT.TANCE PROGEAM

The coupon measurement program includes coupons suspended
in a high radiation area of the storage pool. Coupons will be

removed for testing on a predetermined schedule and certain

physical and chemical properties measured from which the stability
| and integrity of the Boral in the storage cells may be inferred.

| Each surveillance coupon (12 in number) will be mounted in.

stainless steel jackets, simulating as nearly as possible the in-

service geometry, physical mounting, and materials representative
of the environment of the Boral in the storage racks. 'Itu coupons

will be positioned axially within the central 8 feet of vhe fuel

zone where the gamma flux is expected to be reasonably uniform.

.
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coupon measur'ement program is intended to monitorThe

changes in physical properties of the Boral absorber material by.

performing the following measurements on the pre-planned schedules

o Visual observation and Photography,

o Neutron Attenuation,

o Dimensional Heasurements (longth, width and
thickness),

o Weight and Specific Gravity
(including the volume by immersion) .

The most significant measurements are neutron

attenuation * (to confirm the concentration of Baron-10 in the
absorber material) and thickness (to monitor for swelling) . In the

event loss of boron is observed or suspected, the data may be

augmented by wet-chemical analysis (a destructive gravimetric

technique for total boron). .

Each coupon will be carefully pre-characterized prior to
insertion in the pool to provide refersnce initial values for

comparison with measurements made after irradiation. As a minimum,
the surveillance coupons will be pre-characterized for weight,

dimensions (especially thickness) and neutron attenuation. Two
,

additional coupons will be preserved as archive samples for

comparison with subsequent test coupon measurements.
.

Neutron attenuation measurements are a precise*

instrumental method of chemical analysis for Baron-10
content using a non-destructive technique in which the
percentage of thermal neutrons transmitted through the
panel is measured and compared with pre-determined
calibration data. Boron-10 is the nuclide of principal
interest since it is the isotope responsible-for neutron
absorption in the Boral panel. .

10 - 3

,

-- ' '

..&__--_.-___-_--____.-____ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _



_ . _ _

_

n
3 a

- By locating the coupons in an area of higher gamma flux,
the coupons will be exposed to a higher radiation dose than the
Boral in the racks. Evaluation of the coupons removed will provide
information of the effects of the radiation, thermal and chemical
environment of the pool and by inference, comparable information on
the Boral panels in the racks. Over the duration of the coupon
testing program, the coupons will have accumulated more radiation
dose than the expected lifetime dose for normal storage cells.

Some coupons may optionally be returned to the storage pool. They
will then be available for subsequent investigation of defects,
should any be found.

10.3 Surveillance Cqupon Accootance Criteria

of the measurements to be performed on the Boral surveil-
lance coupons, the most important are (1) the neutron attenuation
measurements (to verify the continued presence of the boron) and
(2) the thickness measurement (as a monitor of potential swelling) .
Acceptance criteria for these measurements are as followst

The Boron-10 content, as determined by neutrono
attenuation, shall not be more than 5% below
the design basis B-10 loading, including
analytical uncertainties. (The design basis
tolerance in the criticality analysis is 1
8%).

.

o An increase in thickness at any point shall
not exceed 10% of the initial thickness at
that . point (ie, approximately twice the
tolerance in thickness).

|

Changes in excess of either of those two criteria requires

investigation and engineering evaluation which may include early
retrieval and measurement of one or more of the remain ~1ng coupons J

.
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to provide corroborative evidence that the indicated change (s) is
real. If the deviation is detereined to be real, an engineering
evaluation shall be performed to identify further testing or any
corrective action that may be necessary.

The remaining measurement parameters serve a supporting
^

role and should be examined for early indications of the potential
onset of Boral degradation that vould suggest a need for further

attention and possibly a change in measurement schedule. These
include (1) visual or photographic evidence of unusual surface or
edge deterioration, (2) unaccountable weight loss in excess of the
measurement accuracy, or (3) significant change in the observed
specific gravity.

,

10.4 In-Service Insoection (Blackness Tests)

In-service inspection involves directly testing the Boral
panels in the storage racks by neutron logging * (sometimes called
" Blackness Testing"). This technique is able to detect areas of

significant boron loss or the existence of gaps in the Boral, but
cannot determine other physical properties such as those measured
in the coupon program.

Normally, Blackness testing should not be needed.
| However, in the event that the surveillance coupon program shows a

confirmed indication of degrada$ ion, blackness testing may be one
of the- techniques employed to investigate the extent of

degradation, if any, in the racks.

*
Neutron logging, is a derivative of well-logging methods
successfully used in the petroleum industry for many
years. -
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- -11.0 ENVIRONMENTAL COST / BENEFIT EVALUATIOl{ -

-

11.1 Introduction

This section addresses the NRC informational needs for an
environmental cost / benefit assessment, as is expressed within

Section V of the USNRC OT Position paper entitled " Review and
Acceptance of Spent Puel Storage and Handling Applications",
transmitted via Generic letter dated April 14, 1978.

In addition, this section summarizes the evaluations and analyses
which were performed by commonwealth Edison prior to the selection
of reracking as the preferred option for expanaion of the La Salle
Unit 1 spent fuel storage capacity. A discussion of the relative
merits associated with each category of technically viable spent
fuel storage alternatives is also presented below.

11.2 Need for increased Storace Canacity

1 .J.1 Hlotorical Persoective
.

All domestic nuclear plants were originally designed and
constructed under the assumption that fuel reprocessing would
become available for commercially-generated spent nuclear fuel. As
a result, the s).ent fuel pools were designed to accommodate a very
limited inventory.

However, fuel reprocessing services did not become generally
available to the industry. As a result, the need to expand wet

pool storage capacity arose, since it has only been in recent years
that the new dry storage technologies have emerged. Therefore,

many plants backfitted their spent fuel storage pools with

stainless steel racks containing no neutron absorbing materials,
but possessing a closer interspacing between individual spent fuel,

storage cells.
._

I
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As the need arose for yet more spent fuel storage capacity, since
no reprocessing or other alternatives had become available, new
technical innovations were developed during the latter 1970s for

alternative spent fuel storage rack designs. These new designs

reflected the incorporation of neutron absorbing materials. The
integral use of the fixed neutron poison material within this new

generation of rack designs permitted a L.ghest density fuel storage
array, reflecting a clouest possible approach (or " pitch") between

adjacently stored spent fuel assemblies.

In light of both a) the site spent fuel inventories whica continued

to grow as well as b) the lack of alternative storage or
reprocessing under federal programs, the industry was presented
with a strong incentive te develop cther methods; new technologies
to accommodate tnese ever-growing spent fuel inventories.

Therefore, under cooperative programs, new technologies were
developed and demonstrated to expand wat pool capacity via rod
consolidation and to provide storage outside of the wet pooln via
dry casks.

11.2.2 Status of the DOE OCRWM Proctram

As a result of the Nuclear Waste Policy Act of 1982, the Department
of Energy was congressionally-mandated to develor a permanent

geologic repository to accept shipments of -ommercially-generated
spent nuclear fuel with operations commencing in the year 1998.

Subsequent to the passage of the NWPA, all commercial utilities

which own nuclear rer.ctors entered into a mandatory contractua),

agreement with the DOE. Per the provisions of the generic DOE '

contract, all utilities must make n> ments corresponding to one-
mil-per-kilowatt-hour of their net nuclear electrical generation

into the Nuclear Waste Fund.

_
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The DOE office of Civilian Radioactive Waste Management has
responsibility for the development of the repository. Funding for

this program is being provided via the Nuclear Waste Fund, in order
to develop the parranent geologic repository, as well as the
proposed Monitored Retrievable Storage Facility as was authorized
by congress in the years following the pasnage of the 1982 Act.<

Since the time thr.t the Dep&rtment of Energy was first charged by
Congress with tha task of repository devole,pment, thera have been

a total of tarea announcements of delay in the schedule for

repository r oad...e s s . Whereas the generic DOE contract still

reflects a 1998 fuel " pickup" date, the most recent DOE

announcement was that the repository will be ready no sooner than

the year 2010.

While the MRS concept continues to be studied at this time, it is

unlikely that such a f acility will be operational by the year 1998.
In addition, the DOE fuel acceptance schedules reflecting their

" oldest fuel first" policy, offer very little relief to the

utilities during the early years of DOE facility operation. It is

not until approximately the fifteenth year of the DOE's facility

operation that the DOE spent fuel acceptance rate is projected to
match the utility generation rate.

11.2.3 $,.umn a ry of Ceco Evaluationg

In light of the unavailability of federal f acilitics to accommodate

k the growing inventory of spent nuclear fuel, both currently and

apparently well into the future, Commonwealth Edison continuce to

evaluate all technically viable optAons to expand at .eactor

interim spent fuel storage capacity for all CECO plants, including
La Salle Station. Such options include new wet pool construction,

rod consolidation within the existing spent fuel pools, and dry

storage within modular vaults, concrete silos, or casks.

- f
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La Salle Station evaluations have -indicated that on both a

programmatic as well as economic basis, the installation of high
density spent fuel storage racks within the La Salle Unit 1 pool is
by far the preferred option. Expansion of wet pool storage
capacity via high density rack installation has for all practical
purposes become the industry convention. Wet storage of spent fuel

'

assemblies is certainly the most common method utilized by the '

nuclear industry, and many years of operating experience have
demonstrated that vet storage provides excellent performance in
terms of long term fuel integrity. In addition, wet storage of

spent fuel reflects the least extent of fuel handling operations.

Furthermore, evaluations for La Salle Station have indicated that

the addition of high density spent fuel storage racks offers the i

most favorable economic profile. The rerack of the La calle Unit i

i spent fuel pool will provide 2,949 more storage cells beyond the |

current capacity of 1,080 spaces. In terms of the equivalent dry

storage capacity, this incremental increase of 2,949 storage spaces
corresponds to approximately a) 54 vertical concrete silos or b) 56
extra large m4tal casks or NUHOMS horizontal concrete silo modules,

overall . the La Salle Unit i spent fuel pool rarack option is less

than eno-third the cost of the most econonical dry storage option.

In addit.on, we note that while an industry demonstration of BWR
fuel tod ccasolidation has not yet been completed, Ceco economic
evaluationa. have projected these costs (the present value of

revenue requirements) are very nearly equivalent to the cost of the
most. economical dry storage option.

For La Salle Unit 1, the installation of free-standing high density
spent fuel storage racks with neutron absorbing materials is

clearly more economical than any other available option, given the
absence of both federal storage and commercial fuel reprocessing.
It is clearly the most prudent direction to take in order to expand
the at-reactor storage capability for La Salle Station. Storage

|
|
|
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provisions must be provided in order to avert unit shu dorn, at a

cost of over $1 Million per day, as ud.1 as to retain eligibility
for the Federal laterim Storage Program urder NRC guidelines.

11.2.4 La Salle-Soecific Needs

*

La Salle Station was originally constructed with a combined spe.t
fuel storage capacity of 2,160 assemblies to serve both La Sr.11e
Units 1 and 2. In 1987, the La Salla Unit 2 spent fuel pool was
modified to feature high density racks with a storage capacity of
4,073 spaces. However, 63 cells near the periphery of the La Sallo
Unit 2 pool are inaccessible due to physical interferences located
above them. Therefore, La Galle Unit 2 has a current usable
capacity of 4,010 available cells, and combined, the two La Falle
units currently have a total of 5,090 accessible spent fuel storage
cells.

Based upon the 192 average number of assemblies in reload for each
reactor core with an 18-month operating cycle basis, it is

| projected, given the current usable storage capacity of 5 090 cells
for the interconnected pools,-that La Salle Station will lose full
core offload cape.bility in the year 2002.

However, given that the La Salle Unit 1 fuel pool was originally
'

fitted with only 1,080 storage spaces, which was sufficient for the
first 7 1/2 years of operation, La Salle has been forced to store
Unit 1 spent fuel within the Unit 2 storage pool. The very limited

storage capacity in the Unit 1 spent fuel pool has led to

additional fuel handling operations to accommodate the storage of
the Unit 1 fuel'.

1

The La Salle Unit i rerack will provide a total of 8,059 spent fuel
storage-spaces among the two La Salle spent fuel storage pools.
After the La Salle Unit 1 is fitted with the high density spent
fuel storage racks, it is projected that a loss of- full core
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offload capability will no't occur at- La Salle Station until th;
year 2013, and a loss of reload discharge capability will not be
encountered until the year 2016. Once the full complement of high
density racks has been installed et La Salle, there will be
sufficient spent fuel storage capacity to maintain full core
reserve well into the future, for 30 years of La Salle Station
operation.

11.3 Environmental Considerati2H2

It is Commonwealth Edison's position that an environmental impact
statement is not warranted, as there will be no environmental
impact beyond that which has been predicted and described in the
NRC's Final Environmental Statement related to the operation of La
Salle Station. The results of the thermal / hydraulic analysis
associated with the La Salle Unit i rerack are described in detail
within Section 5.0 of this report.

Under the worst casa analyzed, the total heat load is less than 38
million BTU per hour. Evaporative heat losses comprise
approximately 0.4% of this total heat load to the environs. In

addition, the 38 million BTU /hr is less than 0.05% of che total
plant heat loss to the environment. Note that this additional heat
load is well within the capability of the plant cooling system.

11,4 Natural Resource Commitment

The Boral racks f or La Salle Unit I will require the use of a

limited amount of the earth's natural resources, for metal and
boron. Poth the stainless steel rack structural material and the
aluminum contained within the Boral product comprise well under
.001% of the total world output. The world's production of boron

' carbide powder (contained within the Boral neutron absorbing
material) io highly variable, is based upon demand, and can easily4

be expanded at any time to accommodate worldwide needs.
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