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cc: P. F. Billig
B. F. Judson M/C 620
J. B. Kesmon M. 0.
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TO: A. W. Fanning

FROM: D. F. Casey

SUBJECT: MORRIS OPERATION - CONSOLIDATED FUEL CONFIGURATION - ELIMINATION OF

ONE INCH DIAMETER FLOW HOLES.

Ref: 1) WA - ZZD141770 Rev. 0, "T/H Analysis of M.O. Sq. Tube Baskets"

2) MDE-109-0986, "Consolidated Spent Fuel Configuration at Morris

Operation, Thermal Hydraulic Analysis", P. F. Billig, October

1986.

In the Reference 1 work agreement, it was requested that a 
study be conducted

to determine if the one inch diameter flow holes in the bottom, 
middle and

top plates, between the basket tubes, could be eliminated. 
The study was to

be based on prior results documented in Reference 2.

An evaluation of the work requested in the work agreement, 
indicated there

were insufficient hours and schedule time to conduct a detailed 
analytical

study incorporating the model changes required to answer the question of

elimination of the flow holes. However, by reviewing the previous results

(Reference 2), it was determined that there was sufficient-backup 
information

for making the following changes.

1) On Base Plate (Dwg No. C6221) at each canister location, reduce number

of one inch diameter holes from four to one. This results in eliminat-

ing twenty seven one inch diameter holes in the base plate. 
The design

shall assure the entry of water into the bottom of a loaded 
cannister.

The prior analysis (Reference 2) took no credit for flow 
internal to the

fuel element assembly, the holes at the bottom were only there 
to insure

water was admitted to the fuel element pin area and to insure there was

proper drainage from the fuel element.

2) In Reference 2, the requirement was made that a one-inch diameter 
hole

be provided in the intermediate and top guide plates between 
every

basket tube. This requirement may be modified so that in place of each

hole, two slots are provided as shown in Figure 1.



PSD-87-035
Page 2

The use of two slots will still provide the Reference 2 desired flow

path while reducing the fabrication costs for the plates.

D. F. Casey,)

. , a
R. M~uralldha-ran .

Verified by:

/slg
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DISCLAIMER OF RESPONSIBILITY

This document was prepared by or for the General Electric
Company. Neither the General Electric Company nor any of the
contributors to this document:

A. Makes any warranty or representation, express or implied,
with respect to the accuracy, completeness, or usefulness of
the information contained in this document, or that the use
of any information disclosed in this document may not
infringe privately owned rights; or

B. Assumes any responsibility for liability or damage of any
kind which may result from the use of any information
disclosed in this document.

ii



RDE 02-0187

-CONTENTS

Page

ABSTRACT . . . . . . . . . . . . . . . . . vi

1. INTRODUCTION . . . . . . . * . . . 1-1

2. FUEL

2.1

2.2

2.3

2.4

2.5

3. FUEL

3.1

3.2

3.3

3.4

3.5

BUNDLE STORAGE CRITICALITY ANALYSES

Basis and Assumptions . . . .

Method of Calculation . . . .

Results . . . . . . . .

2.3.1 Comparison to 1975 Analyses

2.3.2 7X7 Fuel Bundle Storage

2.3.3 8X8 Fuel Bundle Storage

Application of Results .

Conclusions . . . . . . .

ROD STORAGE CRITICALITY ANALYSES

Basis and Assumptions . . .

Method of Calculation . . . .

Results . . . . . . . .

3.3.1 7X7 Rod Type Storage

3.3.2 8X8 Rod Type Storage

Application of Results . . .

Conclusions . . . . . . .

* . . . 2-1

* . . . 2-2

. . . . 2-2

. . . 2-2

* . . . 2-4

. . . . 2-6

* . . . 2-8

* . . . 2-9

* . . . 2-9

* . . . 3-1

. .3-2

. . .* 3-2

. . . . 3-4

. . . . 3-4

. . . . 3-8

. . . . 3-9

. . . . 3-10

4. REFERENCES

APPENDIX A: M

. . a - . * 4-1* . . . .

ERIT MONTE CARLO PROGRAM . . . . . . A-1

APPENDIX B: 95/95 STATISTICS B-1* . . . . . . . .

iii



RDE 02-0187

TABLES

Table Title Page

2-1 Summary of Results for Fuel Bundle Storage . . . . . . 2-3

2-2 Merit Geometry Model Input (Benchmark Calculation) . . 2-5

2-3 Benchmark Comparison to 1975 Results . . . . . . . . . 2-6

2-4 Storage Cell Pitch Variations . . . . . . . . . . . . 2-7

3-1 Fuel Rod Storage Parameters . . . . . . . . . . . . . 3-3

3-2 7X7 Rod Storage Results . . . . . . . . . . . . . . . 3-5

3-3 8X8 Rod Storage Results . . . . . . . . . . . . . . . 3-6

3-4 Optimum 7X7 Rod Storage Results . . . . . . . . . . . 3-8

3-5 Optimum 8X8 Rod Storage Results . . . . . . . . . . . 3-9

B-l Example of Combining Uncertainties . . . . . . . . . . B-3

iv



RDE 02-0187

ILLUSTRATIONS

I

Figure

2-1

2-2

2-3

3-1

3-2

3-3

3-4

Title

Merit Geometry Model of Storage Basket . . . .

K-infinity as a Function of Storage Cell Pitch . .

Storage Basket with Eccentric Bundle Positioning

MERIT Model for Single Storage Cell Geometry .

K-infinity versus 7X7 Fuel Rods per Canister . . .

MERIT Model for Morris Basket with Rod Storage

K-infinity versus 8X8 Fuel Rods per Canister .

Page

. . 2-11

. . 2-12

. . 2-13

. . 3-11

. . 3-12

. . 3-13

. . 3-14

v



RDE 02-0187

ABSTRACT

A new BWR spent fuel storage basket is being designed for the
Morris operation using square storage cells at an 8.875 inch
pitch. The current storage baskets contain round storage cells
at an 8.625 inch pitch. Criticality safety analyses were
performed to demonstrate that k-effective is maintained less than
0.95 with the new square cell geometry. The analyses includes
storage of 7X7 and 8X8 UO2 fuel bundles, as well as containers
packed with fuel rods obtained from either 7X7 or 8X8 fuel
bundles. The rod storage system would be the result of fuel rod
consolidation for improved utilization of the Morris basins. The
criticality safety analyses were performed with the General
Electric MERIT Monte Carlo neutron transport computer program
using ENDF/B-IV cross sections.

vi
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1. INTRODUCTION

General Electric (GE) plans to modify the design of the

spent fuel storage baskets used to store BWR fuel at the Morris

operation. The objective of the new design is to accommodate the

storage of canisters containing fuel rods in addition to the

normal fuel bundle storage.

The purpose of this report is to evaluate the criticality

safety of the newly designed Morris spent fuel storage baskets.

All of the criticality analyses for this report were performed

with the General Electric MERIT Monte Carlo neutron transport

computer program using ENDF/B-IV cross sections.

The current configuration of the spent fuel storage basket

is a 3 x 3 square array of 8 inch Schedule 10 stainless steel

pipes. The center to center spacing of the pipes is 8.625

inches. Each pipe is capable of storing one BWR fuel bundle.

The criticality analyses for this configuration was performed by

Battelle-Northwest in 1975 (Reference 4-1).

In order to improve the storage system at Morris, fuel rod

consolidation is being evaluated. Special square canisters have
been designed which allow the storage of fuel rods from two fuel

bundles. The fuel rods can be from either 7X7 or 8X8 fuel

bundles. The storage baskets were redesigned with square storage

tubes having a center to center nominal spacing of 8.875 inches.

The use of square storage tubes enhances the Morris storage

system by accommodating either normal BWR fuel bundles or

canisters containing fuel rods. Criticality safety analyses

supporting the new square tube storage design with either fuel

bundles or fuel rod configurations is the subject of this report.
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Section 2

FUEL BUNDLE STORAGE CRITICALITY ANALYSES
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2.1 Basis and Assumptions

' The Morris fuel storage baskets each contain a 3 x 3 array
of storage cells totally immersed in unborated water. The
storage array is maintained subcritical by controlling the
storage cell spacing and the allowable fuel configuration. There
are no strong neutron poisons used, hence the storage array is
maintained subcritical by overmoderation. The requirement of the
storage array is to maintain k-effective less than or equal to
0.95 under all normal and abnormal storage conditions, including
all calculational biases and uncertainties. All calculations are
performed as an infinite two-dimensional array of storage
baskets. As a result, there is no credit taken for neutron
leakage.

2.2 Method of Calculation

The criticality safety analyses were performed with the
General Electric MERIT Monte Carlo neutron transport computer
program. The cross sections were obtained from the ENDF/B-IV
library. A general description of the MERIT program and the
benchmark qualifications are contained in Appendix A. Each MERIT
Monte Carlo calculation was executed for 55,000 neutron
histories. Since each calculation was initiated with a uniform
neutron source distribution, the first 5,000 neutron histories
were discarded. The resulting k-infinity was calculated based on
the remaining 50,000 neutron histories.

2.3 Results

The following subsections contain a description of the
criticality safety analyses for fuel bundle storage.- A summary
of the calculated k-infinity results is contained in Table 2-1.

2-2
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Table 2-1 Summary of Results for Fuel Bundle Storage

CASE
___________________

Deg C k-infinity (± 16)
_ _ _ _ _ - - - - - - - - - - - - - - - - -

(upper 95/95)
_____________-

1. 8.625 in Pitch 20

2. 8.500 in Pitch 20

3. 8.875 in Pitch 20

4. 9.125 in Pitch 20

5. 8.500 in Pitch 20

(Eccentric Bundles)

6. 8.500 in Pitch 100

(Eccentric Bundles)

7. 8.500 in Pitch 20

(8X8 Fuel Bundles)

0.7681 ±

0.7679 +

0.7627 +

0.7768 +

0.7892 ±

0.0036

0.0029

0.0027

0. 0030

0. 0027

0.7860

0.7844

0.7788

0.7894

0.8053

0.8356

0.7752

0.8199 ± 0.0025

0.7585 ± 0.0030

_________________________________________________________________-

* All fuel bundles are 7X7 except as noted. The fuel enrichment

was 3.42 wt.% U-235.

2-3
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2.3.1 Comparison to 1975 Analyses

The 1975 criticality analyses (Reference 4-1) for the

storage baskets with round tubes were performed with the KENO II

computer program using ENDF/B-III cross sections. A benchmark

calculation was performed to determine the accuracy of the 1975

results when compared to the MERIT computer program with

ENDF/B-IV cross sections.

The benchmark calculation was performed with the highest

enrichment 7X7 fuel bundle contained in the 1975 report. The

enrichment was 3.42 wt.% Uranium-235 with no burnable poisons.

The analyses was performed with a water temperature of 20 degrees

Centigrade. The nominal fuel bundle center to center spacing

within a storage basket was 8.8625 inches. The geometry model

for the benchmark calculation contained the proposed square tube

configuration. Both the original round tube and the square tube

designs consist of type 304 stainless steel. Since the square

tube contains 20% less stainless steel than the round tube, the

calculation will result in a conservatively higher k-infinity.

The inputs to the geometry model for the benchmark calculation

are contained in Table 2-2. The geometry model is illustrated in

Figure 2-1. The results of the benchmark comparison are

contained in Table 2-3.

The MERIT k-infinity includes a critical benchmark bias

correction discussed in Appendix A. Since the MERIT k-infinity

is lower with 20% less stainless steel, the KENO II results are

conservatively high by approximately 0.01 delta k-infinity. As a

result, the 1975 analyses remains valid for fuel bundle storage

at a nominal cell pitch of 8.625 inches with either the round or

the square storage tube designs.

2-4
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Table 2-2 MERIT Geometry Model Inputs

- (Benchmark Calculation)

Parameter Value

Fuel Basket Pitch (inch)

Storage Tube I.D. (inch)

Storage Tube Wall (inch)

Storage Tube Pitch (inch)

Storage Tube Material

Fuel Bundle Rod Array

Fuel Rod O.D. (inch)

Fuel Rod I.D. (inch)

Fuel Pellet O.D. (inch)

Fuel Rod Pitch (inch)

Pellet U-235 Enrichment (wt.%)

U°2 Density (gm/cc)

Water Rods

Burnable Poisons

Rod Enrichment Distribution

26.25 (minimum)

* 6.125

0.125

8.625

304 Stainless Steel*

7X7

0.563

0.499

0.487

0.738

3.42

10.96

None

None

Uniform

* Stainless Steel Composition used was 8 wt.% Ni, 18 wt.% Cr,
74 wt.% Fe.

2-5
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Table 2-3 Benchmark Comparison to 1975 Results

Computer Program X-Section Library k-infinity (± 16)
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

'KENO II ENDF/B-III 0.781 ± 0.007

MERIT ENDF/B-IV 0.768 + 0.004

2.3.2 7X7 Fuel Bundle Storage

The following sensitivity calculations were performed using

the 7X7 fuel bundle described in Table 2-2. The fuel and

moderator temperature is 20 degrees Centigrade unless otherwise

specified.

2.3.2.1 Fuel Bundle Pitch

The nominal fuel bundle storage cell pitch, within a storage

basket, was initially reduced from 8.625 to 8.50 inches and then

later increased to 8.875 inches. Analyses were performed to

determine the sensitivity of k-infinity to storage cell pitch.

The geometry model used for the analyses is illustrated in Figure

2-1. The geometry model consists of one eighth of a storage

basket with mirror reflector boundaries. The results are

contained in Table 2-4 and illustrated-in Figure 2-2.

The storage tube pitch did not significantly change

k-infinity between 8.500 and 8.875 inches because of the fixed

basket dimensions. When the storage tube pitch is decreased, the

9 storage tube locations within a basket become more

neutronically coupled while becoming decoupled from the adjacent

baskets. Conversely, an increase in pitch decreases neutronic

coupling of the storage tubes within a basket and increases the

neutronic cogpling between adjacent baskets. At a nominal

storage tube pitch of 8.75 inches the pitch within a storage

2-6
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basket is equal to the pitch between the outer row of storage

.tubes of adjacent baskets. As'a result, the minimum k-infinity

will occur at the proximity of an 8.75 inch storage cell pitch.
The k-infinity increased at the storage tube spacing of 9.125
inches since this results in an 8.00 inch pitch between the outer

row of adjacent baskets. Based on the shape of the k-infinity
curve illustrated in Figure 2-2, the storage array k-infinity is
approximately constant between 8.50 and 9.00 inches, to within
0.01 delta k-infinity.

Table 2-4 Storage Cell Pitch Variations

Nominal Pitch (inches) k-infinity (± 1d)
_-____________________ -----------------

8.500 0.7679 ± 0.0029

8.625 0.7681 + 0.0036

8.875 0.7627 i 0.0027

9.125 0.7768 + 0.0030

The following sensitivity calculations were performed with a
nominal storage tube pitch of 8.50 inches.

2.3.2.2 Eccentric Positioning

The storage baskets were analyzed assuming the fuel bundles
were in a tight packed array by positioning the fuel bundles

within their storage tubes as close to the center of the cell as
possible. The geometry of the eccentric bundle array is
illustrated in Figure 2-3. The nominal center to center spacing

of the storage tubes was 8.50 inches. The resulting k-infinity

increased by 0.021 delta-k when compared to the base case with

centered fuel bundles.

2-7
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2.3.2.3 Moderator Temperature

.,

The storage baskets were also analyzed assuming the maximum
allowable moderator temperature of 100 degrees Centigrade. Since
the storage array is over-moderated, the minimum moderator
density (i.e., maximum temperature) will result in the maximum
k-infinity. No boiling (i.e., voiding) was assumed. In
addition, the calculational model also assumed the more reactive
configuration of eccentric bundle positioning described in
Subsection 2.3.2.2. The combined effect of increased temperature
and eccentric bundle positioning, resulted in a 0.052 delta
k-infinity change relative to the base case with centered fuel
bundles at 20 degrees Centigrade. This combination of eccentric
fuel bundle positioning and increased moderator temperature
represents the worst case abnormal storage condition. The
maximum k-infinity at a 95% probability with a 95% confidence
level was calculated to be 0.8356.

2.3.3 8X8 Fuel Bundle Storage

The criticality safety analyses performed in 1975 (Reference
4-1) were performed for 7X7 fuel bundle storage. Since then, the
8X8 fuel bundle has replaced the 7X7 fuel bundle in BWR
application. The outside dimension of the square array of rods
has remained the same for the 7X7 and 8X8 fuel bundle.
Therefore, the only significant geometry change is the quantity
and distribution of the Uranium dioxide within the fuel bundle.
A comparison calculation was performed using a typical 8X8 fuel
bundle geometry. The dimensions of the 8X8 fuel bundle are
contained in Table 2-3. The bundle average enrichment was
maintained the same as that used in the 7X7 bundle analyses
(i.e., 3.42 wt.%.Uranium-235). The fuel storage k-infinity was
0.010 delta k-infinity less than with the 7X7 fuel bundle with
the same average enrichment.

2-8
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2.4 Application of Results

The maximum k-infinity of an as-built fuel bundle is a

function of bundle geometry, bundle enrichment, rod enrichment

distribution, burnable poison concentration, void history and

exposure. The maximum exposure dependent k-infinity of an

as-built fuel bundle, either 7X7 or 8X8, calculated in the

uncontrolled reactor core geometry, has historically remained

below 1.26 (Reference 4-2). This value is limited by the core

excess reactivity and the control strength of the control rods.

The k-infinity of the 3.42 wt.% U-235 7X7 or 8X8 fuel bundle used

in the criticality analyses, in the uncontrolled reactor core

geometry, is approximately equal to 1.35. Therefore, the results

of the criticality analyses for bundle storage is applicable to

all 7X7 and 8X8 fuel designs built to date, at all fuel

exposures. Variations in the 7X7 and 8X8 fuel bundle designs,

e.g., fuel rod diameter, cladding thickness and fuel rod

enrichment distributions, are all parameters which are included

in the fuel bundle k-infinity determination.

2.5 Conclusions

The criticality safety analyses for the Morris-fuel storage

baskets were conservatively analyzed with a limiting 7X7 and 8X8

design basis fuel bundle. These fuel bundles were conservative

because they were very high enrichment (i.e., 3.42 wt.% U-235)

with no burnable poisons and no exposure. As a result, the

k-infinities for these fuel bundles in the uncontrolled reactor

core geometry are greater than that of any as-built fuel bundle,

at all exposures. This includes all design variations (e.g., rod

and pellet diameters, etc.) of the 7X7 and 8X8 fuel bundles which

have been introduced to date. The worst case abnormal storage

condition resulted in a maximum k-infinity equal to 0.836, which

is considerably less than the allowable limit of 0.95

k-effective. The analyses were performed with the proposed

2-9
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square tube storage cells, however, the results and conclusions,
can also be applied to the current round tube storage cell
design. The round tube design conservatively contains more
stainless steel structure to absorb neutrons. The current round
tube storage cell design is also more restrictive in the movement
of the stored fuel bundle. As a result, the eccentric bundle
position analyses will have a smaller k-infinity increase than
for the proposed square tube storage cell design.

2-10
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1/8 BASKET

REFLECTOR

BOUNDARY -

(3 SIDES)

Figure,2-1 MERIT Geometry Model of Storage Basket
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Figure 2-2 K-infinity as a Function of Storage Cell Pitch
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I
i

STORAGE BASKET

FUEL BUNDLE

(RODS NOT SHOWN)

Figure 2-3 Storage Basket with Eccentric Bundle Positioning
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Section 3

FUEL ROD STORAGE CRITICALITY ANALYSES
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3.1 Basis and Assumptions

The Morris spent fuel storage baskets each contain a 3 x 3
array of storage cells totally immersed in unborated water. The
individual storage cells are square tubes on a nominal 8.875 inch
center to center spacing. Each tube can store a single canister
containing the fuel rods from either two 7X7 or two 8X8 fuel
bundles. A canister can also be partially filled with fuel rods.
The dimensions of the storage tubes and canisters are contained
in Table 3-1. The storage array is maintained subcritical by
controlling the storage cell spacing. There are no strong
neutron poisons used, hence the storage array is maintained
subcritical by overmoderation. The requirement of the storage
array is to maintain k-effective less than or equal to 0.95 under
all normal and abnormal storage conditions, including all
calculational biases and uncertainties. All calculations are
performed as an infinite two-dimensional storage array. As a
result, there is no credit taken for neutron leakage.

A fuel bundle normally consists of fuel rods with different
enrichments throughout the lattice in order to maintain a flat
local power distribution during burnup. Once a fuel bundle is
disassembled it is conceivable that all of the high enrichment
rod types could be stored together resulting in a high k-infinity
storage configuration. Therefore, in order to bound all canister
loading possibilities, the following analyses assumes that the
fuel rods are unirradiated,.with no burnable poisons, and
containing the maximum rod enrichment fabricated by General
Electric. The highest enrichment for a General Electric 7X7 fuel
rod is 3.03 wt.% U-235. The highest enrichment for a General
Electric 8X8 fuel rod is 3.95 wt.% U-235.

3.2 Method of Calculation

The criticality safety analyses were performed with the
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Table 3-1 Fuel Rod Storage Parameters

I
Parameter Value

Fuel Basket Pitch (inch)

Storage Tube I.D. (inch)
Storage Tube Wall (inch)
Storage Tube Pitch (inch)
Storage Tube Material

Rod Canister O.D. (inch)
Rod Canister Wall (inch)
Rod Canister Material

7X7 Rod Types:

Fuel Rod O.D. (inch)
Fuel Rod I.D. (inch)

Fuel Pellet O.D. (inch)
U-325 wt.%

U°2 Density (gm/cc)

8X8 Rod Types:

Fuel Rod O.D. (inch)

Fuel Rod I.D. (inch)
Fuel Pellet O.D. (inch)
U-235 wt.%

UO2 Density (gm/cc)

26.25 (minimum)

6.125

0.117 (minimum)

9.000

304 Stainless Steel*

6.00

0.054 (minimum)

304 Stainless Steel*

0.563

0.499

0.487

3.20

10.96

0.493

0.425

0.416

3.95

10.96

* Stainless Steel Composition used was 8 wt.% Ni, 18 wt.% Cr,
74 wt.% Fe.
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General Electric MERIT Monte Carlo neutron transport computer

program. The cross sections were from the ENDF/B-IV library.

A general description of the MERIT program and the benchmark

qualifications are contained in Appendix A. Each MERIT Monte

Carlo calculation was executed for 55,000 neutron histories.

Since each calculation was initiated with a uniform neutron

source distribution, the first 5,000 neutron histories were

discarded. The resulting k-infinity was calculated based on

the later 50,000 neutron histories.

3.3 Results

The following subsections contain the descriptions of the

criticality safety analyses for the storage of canisters

containing fuel rods. The analyses are divided into storage of

fuel rods from 7X7 fuel bundles and 8X8 fuel bundles. A summary

of the calculated k-infinities, with an optimum number of fuel

rods per canister, are contained in Tables 3-2 and 3-3.

3.3.1 7X7 Rod Storage

To further provide conservatism, the analyses were performed

with 3.20 wt.% U-235, using the Uranium dioxide theoretical

density. This increase conservatively bounds the as-built fuel
rod enrichments including any uncertainties for enrichment

tolerance.

3.3.1.1 Optimum Rod Array

The optimum number of fuel rods per canister was determined

for the 7X7 rod types. The geometry model was simplified to a

single cell with reflector boundaries, as illustrated in Figure

3-1. With this model, all canisters are on an equal center to

center spacing. The fuel rods within a canister were assumed to

be uniformly distributed on a square pitch and occupying the

3-4



RDE 02-0187

Table 3-2 7X7 Rod Storage Results

Canister Pitch

(inch)
______________

Rods per

Canister
__________

k-infinity (± 16)
___________________

8.50

..

49

64

81.i

.8575 +

.8740 ±

.8568 +

.8127 ±

.8198 ±

.8128 ±

.7809 ±

.0031

.0030

.0028

.0029

.0030

.0023

.0025

8.875

..

49

64

81

100

to

of
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Table 3-3 8X8 Rod Storage Results

Canister Pitch

(inch)

…_____________

Rods per

Canister

…_________
k-infinity (± Id)

…__________________

8.50

it

64

81

100
It

8.875

of

.8979 + .0031

.9087 + .0029

.9044 + .0024

.8623 + .0032

.8694 ± .0028

.8546 ± .0027

.8315 + .0023

64

81

100'

121

If

',
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maximum area available within the canister. By maximizing
the fuel rod pitch within the canister, the distance between
adjacent canisters is reduced, resulting in the maximum
calculated k-infinity. The k-infinity was calculated at 20
degrees Centigrade, for 49, 64, 81 and 100 rods per canister.
The calculations were performed with a pitch of 8.50 and 8.875
inches. The resulting k-infinities are contained in Table 3-2
and illustrated in Figure 3-2. Note that the maximum k-infinity
occurs at approximately 64 rods per canister, and is independent
of the storage pitch. The shape of the k-infinity curve appears
to be more peaked at the maximum value for the upper curve.

3.3.1.2 Maximum k-infinity

The maximum k-infinity for the storage baskets containing
canisters filled with fuel rods from a 7X7 fuel bundle was
determined by using the MERIT geometry model shown in Figure 3-3.
The storage tube wall thickness and the canister wall thickness
were both assumed to be a minimum. This is conservative since
the mass of stainless steel, a neutron absorber, is reduced. The
storage tube pitch was assumed to be 9.00 inches. This
represents the maximum pitch including allowance for assembly
tolerances. The nominal storage pitch is 8.875 inches. The
maximum pitch was selected since this resulted in the maximum
k-infinity for fuel bundle storage (Subsection 2.3.2.1). The
fuel bundle storage k-infinity was slightly higher at 9.00 inches
than it was at 8.75 inches (Figure 2-2).

The fuel rods in the canister are assumed to be spaced as
far apart as possible, thereby removing any space for
displacing of the array. This eliminates the need to analyze for
eccentric positioning of the rod array. The nominal gap between
the outside of the canister and the inside of the storage tube is
only .0625 inch. Therefore, displacement for the purpose of
calculating the effect on k-infinity are considered negligible.
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The k-infinity with the optimum rod array was calculated at 20
degrees and at 100 degrees Centigrade. The maximum temperature
is considered the worst case abnormal condition for this
analyses. The results are shown in Table 3-4. The maximum
k-infinity is less than the requirement to maintain k-effective
less than 0.95.

Table 3-4 Optimum 7X7 Rod Storage Results
I0

Temperature (0C) k-infinity (± 16) Upper (95/95)

20 0.8492 ± 0.0025 0.8649

100 0.8861 + 0.0033 0.9034

3.3.2 8X8 Rod Storage

The 8X8 rod type used in the criticality safety analyses w&s
assumed to be 4.0 wt.% U-235, at the Uranium dioxide theoretical
density. This enrichment conservatively bounds the as-built fuel
rod enrichments including any allowance for fabrication
tolerances.

3.3.2.1 Optimum Rod Array

The optimum number of fuel rods per canister were determined
for the 8X8 rod types. The geometry model and analyses performed
were analogous to those described in Subsection 3.3.1.1. The
calculated k-infinity as a function of the number of fuel rods
per canister is contained in Table 3-3 and illustrated in Figure
3-3. Since the fuel rods from an 8X8 fuel bundle are smaller
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than from a 7X7 fuel bundle, the arrays contain more fuel rods.

As a result, the optimum array bf 8X8 fuel rod types was

approximately 81 rods per canister compared to 64 for 7X7 fuel

rod types.

3.3.2.2 Maximum k-infinity

The maximum k-infinity was calculated using the optimum rod

array of 81 fuel rods per canister. The analyses was performed

at 20 degrees and at 100 degrees Centigrade. The maximum

temperature is considered the worst case abnormal condition for

this geometry. The results are shown in Table 3-5. The maximum

k-infinity meets the requirement to maintain k-effective less

0.95.

Table 3-5 Optimum 8X8 Rod Storage Results

Temperature (0C) k-infinity (± id) Upper (95/95)
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - -- _ _ _ _ _ _ _ _ _ _ _ _ _

20 - 0.8969 + 0.0026 0.9128

100 0.9217 + 0.0033 0.9390

3.4 Application of Results

The results of the criticality safety analyses demonstrate

that the storage of loose rods in sealed canisters meet the

requirements to maintain k-effective less than or equal to 0.95.

The analyses were performed very conservatively with the highest

enrichment rod types, with no depletion, and stored in an optimum

array. The results are applicable for any 7X7 and 8X8 rod types
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fabricated by General Electric.

3.5 Conclusions

The storage of 7X7 and 8X8 fuel rod types of any quantity

per storage container meet the requirement to maintain

k-effective less than 0.95. The fuel rods can be from any fuel

bundle fabricated by General Electric, at any exposure. The

maximum calculated k-effective under abnormal storage conditions

was equal to 0.903 for 7X7 rod types and 0.939 for 8X8 rod types

at a 95% probability with a 95% confidence level.
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/ " CELL REFLECTOR BOUNDARY (4)

STORAGE TUBE

J--STORAGE CANISTER

QFUEL RODS

Figure 3-1 MERIT Model for Single Storage Cell Geometry
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SINGLE CELL MODEL

3.2 wt.% U-235

0.563 in.rod O.D.

20° C

.88

.86 l--

8.50" Pitch

+1

9-

z
"-

z

'-4

C4EW

cd

.84

.82

.80

.78

.76

8.875" Pitch

I I I I I I

40 so 60 70 80 90 100

FUEL RODS PER CANISTER

Figure 3-2 k-infinity as a function of 7X7 Fuel Rods Canister
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STORAGE TUBE

Figure 3-3 MERIT Model for Morris Basket with Rod

Storage Canisters
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.92

.90

SINGLE CELL MODEL

4.0 wt.% U-235

0.493 in. rod O.D.

200 C

8.50" Pitch

+1

E-

z

zIL..

E-

'4

.88

.86

.84

8.875" Pitch

.82

.80
I I I I I I

60 70 80 90 100 110 120

FUEL RODS PER CANISTER

Figure 3-4 k-infinity as a Function of 8X8 Rods per Canister
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Appendix A

MERIT Monte Carlo Program

The MERIT program is a Monte Carlo program for solving the

linear neutron transport equation as a fixed source or an

eigenvalue problem in three space dimensions. This program is an

improved version of the BMC Code (Reference 1). The cross

sections in MERIT are processed from the ENDF/B library in the

multigroup and resonance parameter formats (Reference 2).

Thermal scattering in water is represented by the Haywood kernel

obtained from the ENDF/B library. The MERIT program utilizes 190

full spectrum cross section energy groups. The types of

reactions considered in MERIT are fission, elastic, inelastic and

(n,2n) reactions. Absorptions are implicitly treated by applying

the non-absorption probability to neutron weights on each

collision.

The MERIT program has been thoroughly verified for

programming, sampling procedures, particle tracking, random

number generation, fission source distribution, statistical

evaluation,-resonance cross section evaluation, edits and other

functions of the program. The overall performance of MERIT and

the cross section data were evaluated by comparison against

critical experiments which include:

1. Cross Section Evaluation Working Group (CSEWG) thermal

reactor benchmark problems: TRX-lTRX-2,ORNL-l,ORNL-2

2. Babcock and Wilcox Small Lattice Facility

3. Jersey Central Gamma Scan Experiments

4. BWR Gadolinia Critical Experiments
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5. Battelle Critical Experiments with Fixed Neutron Poisons

! 6. Nippon Atomic Industrial Group (NAIG) Critical
Experiments with BWR Control Rods

The analyses of these benchmark calculations indicate that
the MERIT program underpredicts k-effective by approximately 0.5%
for thermal reactor criticals when using ENDF/B-IV cross
sections. The CSEWG evaluation of the ENDF/B-IV data concluded
that the experiment is underpredicted by 0.5% for the high
moderator-to-fuel ratio in water moderated uranium lattices
(Reference 3). The MERIT results confirm the biases supporting
the CSEWG conclusions (Reference 4).

References:

1. D. H. Thomas and T. M. Traver, "BMC-I: The Battelle Monte
Carlo Code", BNWL-1433, June 1970

2. "Data Formats and Procedures for the ENDF Neutron Cross
Section Library", BNL-50274(T-601), ENDF 102, Vol. 1,
October 1970

3. E. M. Bohn et.al. (Ed), "Benchmark Testing of ENDF/B-IV",
ENDF-230, Vol. I, March 1976

4. C. M. Kang and E. C. Hansen, '"ENDF/B-IV Benchmark Analyses
With Full Spectrum Three Dimensional Monte Carlo Models,"
paper presented in November 1977 at the winter San Francisco
meeting of the American Nuclear Society, Vol. 22, p. 891.
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Appendix B

95/95% Statistics

In order to establish the maximum calculated k-infinity,
including all calculational biases and uncertainties, the
guidelines contained in ANSI/ANS-57.7-1981, "Design Criteria for
an Independent Spent Fuel Storage Installation (Water Pool
Type)", was used. The maximum calculated k-infinity is equal to
the following:

k(max) = km + dkcb + dkbu + dkexp + dkm

where:

kmc = Monte Carlo calculated k-infinity
dkcb = Critical Benchmark Bias
dkbu = Uncertainty in Critical Benchmark Bias
dkexp = Uncertainty in Experiments
dkmcu = Uncertainty in Monte Carlo calculation

The arithmetic mean eigenvalue for the 15 critical benchmark
calculations performed with MERIT was 0.9949 + 0.0022 (Id)
(Appendix A). The resulting critical benchmark bias is then
0.0051 delta-k. All of the k-infinity values contained in this
report include the critical benchmark bias since this represents
the best estimate k-infinity value for comparison to other
methods of analyses.

The one sided 95/95% tolerance limit for the uncertainty in
the Merit critical benchmark bias (dkbu) is 2.566 sigma (ld) for
n = 15, or 0.0056.

The absolute value for the uncertainty in the benchmark
experiments (dk exp) was estimated to be 0.0030 at Id. This value
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was reported as the maximum uncertainty in reproducing a critical

experiment. The resulting one sided 95/95% tolerance limit is

1.645 sigma or 0.0049 delta-k.

Each of the Monte Carlo calculations were based on 50

batches of 1000 neutron histories. As a result, the one sided

95/95% limit of the uncertainty is equal to 2.065 d, for n = 50.

The value of d is the uncertainty for the individual Monte Carlo

calculation.

The uncertainty in the critical experiments is primarily in

the measurement system, while the uncertainty in the critical

benchmark bias is due to a combination of the measurement system

and the neutron cross sections. As a result, the two

uncertainties are not totally independent and are therefore

combined linearly. The total linear combination of the one sided

95/95% tolerance limit on the uncertainty in the critical

benchmark bias and the one sided 95/95% tolerance limit on the

uncertainty in the benchmark experiments is 0.0105 delta-k. The

linear addition of the 95/95% upper limit on the individual case

uncertainty will result in the maximum calculated case k-infinity

with 95/95% probability and confidence. An example of the

statistical combination of the uncertainties and biased for Case

6 in Table 2-1 is shown in Table B-1.
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Table B-1 Example of Combining Uncertainties

(Case 6 from Table 2-1)

Merit Monte Carlo k-infinity

Calculational Convergence

Critical Benchmark Bias

.8148

± 0.0025 (Id)

+ .0051

-_______________________________

Normal Reported k-infinity .8199 ± 0.0025 (16)

Benchmark Bias Uncertainty (95/95%) .0056

Experiment Uncertainty (95/95%) .0049

/
Calculational Convergence (95/95%) .0052

Geometry Model Bias and Uncertainty none
____________________

Upper 95/95% k-infinity .8356

___2.065________________2

* 2.065 X .0025 = .0052
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1. INTRODUCTION

This report analyzes the square tube basket design shown in figure 2.

These baskets will store either standard BWR fuel, or consolidated BWR

fuel. Since the consolidated fuel analysis will envelope the standard BWR,

that will be the only case analyzed.

There is a limit to the amount of consolidated fuel that can be stored

without overloading the grid support system. This limit is 103 heavy

(consolidated fuel) baskets and 312 light (regular fuel) baskets in the

arrangement shown for these numbers in Figure 8.

This analysis uses BWR baskets of total weight 7625 lbs to be in the 312

light positions on the grid.

Any use of PWR baskets with standard fuel would not affect the conclusions

of this report.

2. DESIGN CRITERIA

Only the relevant criteria affecting the feasibility of the increased

loading schemes are listed here.

- 2 -



2.1. Seismic Response Spectra

The horizontal and vertical design response spectra curves are

shown in Figure 1 and digitized for input into the response Spectra

analysis, as shown in Table 1. The safe shutdown earthquake (SSE) is

based on 5% damping and is considered as a factored loading condition

a; defined by the American Institute of Steel Construction (AISC) see

Reference 5). The operating base earthquake (OBE) is defined as being

half the SSE for rigid body motion and is considered as a normal

operating condition by the AISC.

TA1BLE I
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2.2 Allowable Stresses

All the material of construction is 304 stainless steel of

various product forms. The yield strength for all is taken as 35ksi.

The design rules and allowable stresses are based on Section 5 of

Reference 4, Specification for Fabrication of Steel Buildings.

For normal service conditions (including the OBE) the allowable

Stresses from Pf I of Reference 4, Section 5, are:

Tension -,Ft - 0.6cy - 0.6 (35) - 21 ksi

Near pinholes etc. Ft - .45(35) - 16 ksi

Shear Fv - .4 (35) - 14 ksi

Bending Fb - .66(35) - 23.1 ksi

Bearing Fbr- .9 (35) - 32 ksi

For factored loads PtIl of Reference 4, Section 5, allows an increase

in allowable stresses to reflect the possibility of the material

exceeding yield in bending providing that equilibrium is not

jeopardized. This has been interpreted as a 50% increase in allowable

stresses i.e. for the membrane stresses limit, this is extended from

0.6ay to M.9ay.

Tension

Near pinholes

Shear

Bending

Bearing

Ft =

Ft =

Fv =

Fb =

Fbr-

1.5

1.5

1.5

1.5

1.5

(21)

(16)

(14)

(23.1)

(32)

- 31.5

- 24

- 21

- 34.7

- 48

ksi

ksi

ksi

ksi

ksi

For combined membrane (am) and

limit must be satisfied

bending stresses (ab) the interaction

gm + ab <0 For buckling limits-- See Pg 28

Ft Fb

For components in the direct I ifting
Ft =

Fv n

load path

1/5 ay - 7  ksi

2/3 Ft - 4.7 ksi
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2.3 Loads

The dry weight of the consolidated baskets is 13,790 lbs. as

follows:

Fuel & cladding - 2 (605)

Basket tube

Fuel canister

- 1210

- 155.4

. 100

1465.4

lbs.

lbs.

lbs.

I bs.

See Appendix

pg. A2-3

Bottom plate (25.872(5)(.29))
(8)

- 121.3 lbs.

Stiffening plates (4x4x24.145 1x.29) W 28.0 lbs. See Figure 2

Miscellaneous plates, diagonal

stiffeners, base attachments

for a total basket weight of

2000 lbs. - 452.1 lbs. - approximated

Total wt. - 9x1465.4+121.3+28.0+452.1- 13,790 lbs.

(NOTE: The wt. used in the dynamics analysis is adjusted to

dude entrained water, hydromass and bouancy effects. These

different for vertical and horizontal motions. See Appendix

in-

are

A2).

The dry weight

Appendix A2).

of the standard basket with fuel is 7625 lbs. (See

- 6 -



3. DESIGN DESCRIPTION

3.1 Consolidated Fuel (Heavy) Baskets

The drawings used were:

C6221

17988-E - Rev. 1

17973-D - Rev. 1

17992-D - Rev. I

17993-D - Rev. 3

17988-E - Rev. 1

17994-B - Rev. 1

3.2 Standard Fuel (Light) Baskets.

The drawings used were:

17988-D Rev. 6

18114-D Rev. 3

3.3. Grid Structure

The drawings used were:

17977-D Rev. 4

18063-D Rev. 4 Sheets 1 & 2

18107-D Rev. 2

18109-D Rev. 5 Sheet 1
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4. STRUCTURAL ANALYSIS

4.1 Heavy Basket Modelling and Analysis*

The basket is modelled as a collection of beams and shell

elements. These are shown in Figures 3 and 4. The stiffness and

density value for these elements are given in Appendix A2.

A response spectra analysis was done using the ANSYS finite

element computer code with the stiffnesses and weights given in

Appendix A2 as base line. The stiffness of the grid attachment is

several orders of magnitude higher than the basket support plate and

therefore a decoupled analysis of the basket is justified. The

significant mode shapes were animated on the Textronix machine and

showed that horizontal motion induced bending was the predominant mode

shape as expected. The lowest significant frequency for the design

was 4.7 hz.

4.2 Light Basket Modelling and analysis

The basket is modelled again as a collection of beams and shell

elements as shown in Figures 5 and 6. The stiffness and density -

values are also given in Appendix A2, based on a basket dryweight of

7625 lbs. The analysis of this basket shows that the critical area

shifts from the base plate (with the plate beneath the tubes acting as

a rigid plate) to the tubes themselves acting as cantilevers. The

lowest significant frequency for the light basket design is 11.2 hz.

thereby increasing the loads on the grid from the PWR basket analysis

where the lowest natural frequency was 17.3 hz.

*These heavy baskets are an updated version of those analyzed in Ref. 7.

-9-
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TABLE 3

RESULTS FOR LIGHT BASKETS
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RESULTS FOR HEAVY BASKETS
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- 15 -



4.1 and 4.2 Results

The corner nodes of the basket model interface with the support

grid; therefore, it is necessary to evaluate the reaction loads at

these locations for input to the grid analysis. These results are

shown in Tables 3 and 4. Summarizing the results from Tables 3 and 4

the loads on each corner are given in Table 5.

TABLE 5

BASKET HORIZONTAL MAX DOWNWARD MAX UPWARD

WEIGHT FORCE Lbs FORCE Lbs,- FORCE Lbs

Lbs

7,625 1,515 12,638 9,246

13,790 2,518 21,172 15,038

These loads are

stress levels in

acceptable.

input to the grid analysis.

the basket were checked and

The internal

found to be

Tube to Base Plate Weld

The maximum horizontal force on the tube to base plate weld is = 925 lbs.*

The 3/32 weld is on at least 3 sides of the tube. The weld stress

therefore is

925

(3/32)(3)(.707)(6.5)
- .7 ksi < 21 ksi

*From computer output; heavy basket seismic, Element 111, Node 97,

FH - 652 lbs for x and y shakes therefore Ftotal - 922 lbs.

- 16 -



4.2 Grid Structure Analysis

4.2.1 Grid Modellina

Two segments of the support grid system were modelled as

shown in Figure 7 for analysis using ANSYS. The section

properties were as follows: (Dwg. 18107-D Rev. 2)

O Vertical support columns

y
is

I x 2 x III
2

- £S 'PLPTri
it

x

, 1 It l et

SS ?LATE

Z 5'

9Y

4

Ill.

- 17 -



Area - 2(2x1/2) + 2(1-1/4x1/2) - 3.25 in2

For full shear continuity (this was checked as a valid assumption

using a test case ANSYS run)

FL (2)
IXX = i -

LZ
-1- ±(z')/.52xJ2 = 6.17,mY

Iyy a Z (E ).3(' (
+ Z ItV

1.5- _+. 6Z5-) it Z S- a. I nVf

A strut of length
12" was used in the grid model with constant properties A -

and I - 5.2. This is conservative.

O Diagonal struts

3.25

1/2"xl/2" SQ. SS BAR

YZ.

Area - 0.25 in2

In'I
12.

= .*oo .zI

0 Corner support posts

These are short and stiff.

assumed as follows

The properties were

H

@ Horizontal struts

A - 9.0 in2

I - 10.76 in4

KY
2 -_ 2-1/2"x2-1/2"xl/4"

SS ANGLE

A - 2.375 in2

1xx - 1.406

Iyy - 3.628
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4.2.2. Grid Analysis

The horizontal and vertical forces given in Table 5 were

applied to the grid system in combinations depending upon the

earthquake directions (assuming the baskets act independently on

the grid - conservative) and the combinations of basket weights.

Basket weight combinations are required to give a realistic limit

to the grid capacity since heavy baskets will be mixed with

lighter baskets in any realistic storage arrangement.

The analysis assumes that 3 light baskets and I heavy basket are

arranged as shown in Figure 8. On this basis 3 earthquake

directions were considered to give 3 cases for each basket

weight. These cases are shown in Figure 9.

The resulting stresses in the members for each of these cases and

weights are shown in Table 6 for the vertical columns of the

grid. The results for the diagonal struts are given in Table 8

and the results in the vertical columns in the edge of the grid

for an accumulation of 18 sliding grid sections in Table 7.

The grid analysis assumes that the lower side in contact with the

pool liner does not slide, i.e., in the finite element analysis

the lower grid nodes are considered fixed, except for the sliding

analysis of Table 7.

- 20 -



For sliding to occur

W 29 > F friction force

Now F - pR when sliding is about to

occur

R - W ( I _ ago)R-9

Where av - vertical acceleration

ah - horizontal acceleration
15 tg; JI )

(I-_avis )

, a ;( /Sc

then sliding could occur

pb 2z5' )

- 21 -



VERTICAL COLUMN STRESSES (SSE)

! &.5SE T RUW CASE- E i L EAZr L 27 XELEIENr - i- -

ps . p, W L. psi s P.$ ps Z

A YO5'o1 40< -,8B c -( /e,7 6360
/ B 11768 JC277 -J 74 3307 17Y7q '3a7

C H-f Bo 8-S92 23-z. o•'2 2-o6A 1o54I 40 - 5

3L iz'1 . 637 7117 /037 7117

/0M'T B o3(.61 Z37D :23 2 -1-

- - c. I73'iG '?olZ IZ6'8 izlno 23fl 12/?o 2371 . s t

TABLE 6

*Basket Types L - Light

H - Heavy

W - 7625 lbs.

W - 13790 lbs.

am - Direct stress in colum

°b - Maximum bending stress

PT II of AISC allows ab > cy

-psi

-psi

for factored (SSE) loads.

0.9 Oy - 0.9x35 - 31.5 ksi

1.5 (.9OY) - 47.3 ksi PT II

am + ab <1
31.5 47.3

Pt II
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Figure 8

FUEL BASKET LOADING ARRANGEMENTS

IN BASINS I & 2 AT THE MORRIS OPERATION

~I

-I ITT

wi5s1a'

,'I I- I 1rf , nFf'' L'^ri L x, j
3 F:IIIIII

I

I-d N be Irw
I1 fl l I I1_
Ii I y L x1rx

1 1 1 1 1 1 , ,, ,
"Ix

Ti_ I I I I I I 1- l

rxi I PQ IN xi COO riII I I I4
I - II F E

FlFTTTrA

.JOT- AVAILAG~L.,--
I-xr-~rRnz4 nm

S1EAV' %AsKEr5 @

31:2 LIswr 13ASkETS @ r7-2- 9s
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EARTHQUAKE COMBINATIONS APPLIED

TO SUPPORT GRID

}E t 4 1 ¶AL 2E "
-0. a._ _

FoezE ado EcTjctS

CASE A

- I

'EQTI CA L RofE D ICTIONS
4 s: UJlfJ -. .D

_ -

ft

.lJ - +.

CASE D

CASE C

l
4;- 4_

+__
t . - -.

'_/'N 7'

-I- -B- I

. -4
Figure 9
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In the frequency range 5 to 12 hz aH = 0.60g

aV = 0.2g

.6
A < *, 75

.8

For wet steel on steel this is possible; therefore, the stresses in a

"sliding" rack system were evaluated in order to check the cumulative effect

of horizontal forces transmitted to the edge of the rack assembly. Two ANSYS

run's were done with the following input:

Run #3

Horizontal force on basket support posts Fx - 1515 lbs. )

Forces due to the vertical earthquake
from
TABLE 3

ME FZ - 407 + 409 + 423 + 408 - 1647 lbs.

W - 7625 lbs. therefore R - 7625 -1647 - 5978 lbs.

Assume the friction coefficient wet steel on steel p- 0 .4

then yR - 0.4 (5978) - 2391 lbs.

Therefore the net horizontal force - 2 (1515) -2391 - 639 lbs.

For 18 rack assemblies, 16 of these horizontal forces are

applied to the 2 rack model.

Therefore horizontal force applied to each post - 16x1515 - 51

2

Therefore Fx-2556 lbs. applied to top and bottom of rack.

12 lbs

These cumulative horizontal forces are combined with the

overturing forces (non-cumulative) Fz of Table 3.

Run #4

Fx

J Fz

uR

FH

FX

Fx

- 2518 lbs.

a 1858 lbs. Table 4

- 13790 lbs. Therefore R - 13790 -1858 - 11932 lbs.

- .4 (11932) - 4773 lbs.

- 2 (2518) - 4773 - 263 lbs.

- 16 x 5424/2 - 2104 lbs. therefore

- 1052 lbs. top and bottom

- 25 -



The results of the grid column stresses for these 2 runs 3, 4

are shown in Table 10.

The interaction limits for struts under factored loading

conditions are taken from Section 2.4, Reference 5, Part 2 of

Part 5. (See this reference for nomenclature.)
I

Pcr - 1.7 A Fa

therefore

A - 1/2 x 1/2 - 0.25 in2 & Ocr - Fa

acr - 1.7 F6 Now F6 - 16.07 ksi therefore Fa - 27.3 ksi

Fb - 47.3 ksi

The interaction limit for direct and bending stresses is

p
PC I

G-r
FQ

t c4

OI - ) C,

which converts to -

Cm = 0.06 para 1.6.1 See 5 Ref. 5

Be= Z3 A Fei

pe- I I
-12 bE _

Fl, Z3 (I -Rb I

- 26 -



VERTICAL COLUMN STRESSES (SSE)
IN EDGE GRID WITH ACCUMULATION

OF 18 SLIDING GRID SECTIONS

']

8ASk1r RdA/ E ELE T ______ 6+@

3 c. IS69 a2 2o

.S E7c 8183 P7l .73
t a

FROM
TABLE 6

LM31.5 I. '7*3 4 1. 0 P-L 11

TABLE 7

Since the interaction limits for a non-sliding base (Table

are higher than for the sliding grid the sliding grid will

be considered as the limiting condition.

6)

not

The stresses in the diagonal struts are also examined for

possible limits on basket weights. The results are contained in

Table 8.
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For K = 1.0 1J = lo ri, = 1 ++

FeI I 23 ( l 4 6
-3 ( 60X-4)2-

- SC 0z ,&

' * Pc =- P- (.ZLs-) 3 ~o z

- S7.C KS',P U- e -,2�
-T, -

1L3 as'

,2.5

*0 67.3
( I- 07 )4I -' s-a .57S

<'g1.O This is the interaction equation.

From Table 8 For Run #1

,-m = 8213 psi 1 70• fS c

evoOB2-1-3 o e o>. 4 (Jo 7 CS)

(I _-_ _3) _ 7300
C 73C0

I=. - (.1 to- I A- )K1

For Run #2

3 ~7 /4 ?rc- 26286 pI3c

'3) 711-
Z-1 Zoo

-+ 0.6 (86
( I - I 2. I I 473oo

.ss~ c: 1.0 c) ,o
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STRESSES IN DIAGONAL STRUTS

(SSE)

The elements were reviewed and Element #57 was determined to have the

maximum stress levels.

CASE ' CoTl

Psc Ps L0-T

A C 763 4qq 721Z

8 8243 _ 70s- _13

c__ . .23 2Y ? _____

11262 7Lf3 1200S _

2 B 13 71Y 2 zaz 16Jo . .

c_ __ _a_ Lt 7 I 1

PA &E 26

TABLE 8

Ef r;e. �-V, �ii, q s+-K,.h -t= Io "

Fo'r a k2. 1 50pua~s Sec;BVs
o11-r.= 14*j

. t= 694
-t

w;lh K - 10. frr Se oar2 rt eicr-S.

S .4 PO
16 - Vsl , ci G- = Uc Ws, :.b Fx=. - 5s 'rI = ta7 KsI

C'* 4-C m. I,, c ~ r-d s csA S
, t

Ref 5
raA.eL I-B&

5,ecdza..5..

-= fa J I 6* 1 1r% colryefs 4 6ar.
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Since the interaction limits for the struts are less than those

for the support columns, the columns will be the limiting member

for basket weights.

The horizontal members are stressed lower than the diagonal

struts and therefore these results are not recorded. The

maximum horizontal force transmitted to the outer wall bracing

can be accepted by the bracing components with a high margin of

safety.

Summary:

The limiting components for basket loading are the vertical

support columns under SSE loading.

The weight limits are:

103 heavy baskets at 13790 lbs.

312 light baskets at 7625 lbs. in the limiting

arrangement as shown in Figure 8.

4.3 LATCH ANALYSIS

For components in'the lifting load path

Ft - 1/5 ay - 1/5 (35) - 7 ksi tension

Fy - 2/3 Ft - 4.7 ksi shear

- 30 -



Clevis: Dwg. C6221 - 17998-C

Rod: A- =

_.- =- 13 ?70 (11 = qf;s- p.s,

4 7ooo :. ok
Ie'

-P

Side straps:

A - Y48 A '!Z = .5629 inz

r = ;5 ZS
( M _- *.oI(

4 7000 , . Oir

Add 200 lbs. to basket weight for entrained water

Basket baseplate: Assume load is centralized

W - 13790 lbs.

S- e sfip 66JUvev

I !~ . A ;2. of uns4i'#enaic1 d~ ,of Ihl~ec
3/A" platc- -x 02.

Approximate shear area

= w (6.5) 3/8 - 7.66 in2

Therefore shear stress

1- - 13790/7.66 - 1.83 ksi <4.7 ksi

therefore OK.
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Latch bar: Dwg. C6221-17988-E Rev. 0

k + ,R

I '

,A= _ .X I ,t | 1./ int

Shear stress 2 - R - .909 R
1.1

The maximum uplift force from the basket analysis, see Table 5,

is 15038 lbs

Therefore max - .909 (15038)
- 13.7 ksi <21 ksi

therefore OK.

8 C _ 10 (

4 3 IC.7 is
.- .01C

Bending moment

M - 1/8 R

at = A FL
:0 (W2) /2= 8L R (~a (I)____

=

Combined bending and shear
: F.

a7m C z TV + 3.7' = IS.2 KS c 2J -S.- '. r'

Grid corner pocket: Dwg 17977-D

3/4q

~~ .g
*C11

if A - (.917x.5 -. 125x.343/2.)x2-0.874 in2

Weld area
= -(t ZI3i t.I.7o7

G toova VE =.elr

- * 7 IS t .2 S - o. t ntC

'ro h e b'e 3e-t ui17 - /Ae, he; t.I rMe H = es,8I 1

. r 7 = 2 = 0/'e = 2.6 ks 5ce 21 ;.--e

Tehis;ie 31rc55 s / = u8 Is.3 ; < a h
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Outer guide: Dwg. C6221-17988-E

At

Bending moment on guide

M - (2 -.375)R - 1.625R

Weld area - 4x1/4x2 - 2.0 in2 (groove)

I b h/,.z 2 ( /*t (,5)/(z _ 2. C7 is i

R

I. I.-" -=
= Z. 7/Z = /. 33T ,,,3

Direct stress on weld tr = N/2.O

y = lo 5 8 2.,, = %7S IC-Si 4- 2/..J- ass :..

Bending stress -
C b~

/. 13S Z 31.)C iO .*.C.

Interaction ; 37.s 3Yi.7

* 7.s-
V. ! - 3f'~6'.7 .7 74 /.0 .-. C K

Lifting bails: BWR baskets - See Appendix Al
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4.5 Pit Gate Guard Analysis (See Appendix A3)

4.6 Canister Lifting Device (See Appendix A4)

5. CONCLUSIONS

103 heavy baskets weighing 13790 lbs. and 312 light baskets weighing

7625 lbs. can be installed on the Morris grid in basins 1 and 2 in the

limiting arrangement shown in Figure 8. This is based on AISC limits for

the factored loading of the SSE.

The lifting bails are capable of lifting the 13790 lbs basket.
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PREPARED BY: G PE p NO -. /
, - 9/ . - GENE~RfAL LIj, ELECTRIC _ _ _ _ _ _

C i..: r •~-#, NUCLEAR SYSTEMS TECHNOLOGY OPERATION
DATE:

IC /2/e, TITLE: ~o~,- ~~~______

PROGRAM TILT
C
C PROGRAM TO COMPUTE THE NET KINETIC ENERGY OF A TILTING CASK

C FOR THE MORRIS OPERATION
C

E 386.4
RHO - 62.4 / 1728.
THETAO - 0.0
DELTA - 1.0
ALPHA - 2.0
WRITE (6,111)

111 FORMAT( INPUT THETA1, THETA2, THETA TOTAL AND WEIGHT: )

READ (6,*) OMEGAI, THET2, END, W
DELTA2 - ALPHA * THET2 / 28.
W2 - 0.0
AL - 156.
Al - W * 8154 / G
WI - 0.0
CD - 2.0
AROD - .0982
AL2 - 85. C Ttf IS f4 A d 4 # ITi
E - 50000/.6 / Vi.L LAE 0 J= °
SIG - 35000. (
ICONT - 1
RADIAN - 3.1 92654 / 190.
CONDE - . 26.*AL**4 * RHO 1(26. * 6))*DELTA 4 RADIAN
WRITE (6,1000)
DO 100 I - DELTA, OMEGAI, DELTA
THETA - I * RADIAN
PE - W * AL * .5 *(COS(THETAO) - COS(THETA))

C
C SOLVE FOR QUADRATIC
C

B - (CONDE * 2. * W1)/(AI / 2. ) I
( Il. + (CONDE /(AII 2.)))
A - 1.0
C - (((-PE + (CONDE * WI*Wl)) /(AI/2.)) - (W1*Wl))/

+ (1. + (CONDE /(AI/2.)))
D WRITE (6,*) A, B, C

W2 - (-B + (B**2 - 4. * A * C)**.S) I 2. * A
AKE - (Al / 2.) * (W2*W2 - WI*Wi)
DE - (CONDE * C W2 + Wl)**2)
TOTKE - TOTKE + AKE
TOTDE - TOTDE + DE
TOTPE - TOTPE + PE
DEGREE - THETA/RADIAN
IFCDEGREE.EO.OPEGA1) 60 TO 97
IF CICONT.NE.10) 60 TO 98
ICONT - 0

97 WRITE (6, 1001) DEGREE, PE, AKE, DE, W2, Wi

98 ICONT - ICONT + 1
W1 - W2
THETAO - THETA

100 CONTINUE
C
C

CONDE - C.97*26.*AL**4 * RHO /(16. * 6))*DELTA2 * RADIAN
WRITE (6,1002)
TOTSE - 0.0
.DO 200 I - OMEGAl + ALPHA, 90, ALPHA
THETA a THETAO + (DELTA2 * RADIAN)



COMPUTATION/RECORD SHEET

PREPARD BY.PAGE NO:

GENERAL @, ELECTRIC PAGEHO.

CMt KNUCLEAR SYSTEMS TECHNOLOGY OPERATION

J D / _t c) / &e TITLE: A C. k______Y

PE - W * AL * .5 *(COS(THETAO) - COSCTHETA))

C
C SOLVE FOR OUADRATIC
C
D WRITE (6,*) SIB

SE - (SI6 + (E/(210))*AL2*ALPHA*RADIAN)*
4 AROD*AL2*ALPHA*RADIAN
TOTSE - TOTSE + SE
TOTSTR TOTSTR + (AL2*ALPHA*RADIAN)
SIG - SIG + (E/(IO5)*(AL2*ALPHA*RA.IAN))
B - (CONDE * 2. * WI)/(Al / 2. ) /

+ (1. + (CONDE /(AI/ 2.)))
A - 1.0
C - (((SE - PE + (CONDE * WI*Wl)) /(AI/2.)) - (Wl*Wl))/

+ (1. + (CONDE /(AI/2.)))
IF (C .6E. 0.0) C - 0.0

D WRITE (6,*) A, B,.C
W2 (-B + CB**2 - 4. * A * C)**.5) / 2. * A

AKE - (Al J 2.) * (WZ*W2 - Wl*WI)

DE - (CONDE * C W2 + Wl)**2)
TOTKE - TOTKE + AKE
TOTDE - TOTDE 4 DE
TOTPE - TOTPE + PE

DEGREE - THETA/RADIAN
WRITE (6, 1003) DEGREE, PE, AKE, DE, SE, W2, TOTSTR

WI - W2
THETAD - THETA
IF(TOTSTR.SE.42) 60 TO 210
IF (DEGREE.GT.END) 60 TO 215

20O CoNTINUE
210 WRITE (6,1004)

WRITE (6, 1003) DEGREE, TOTPE,TOTKE,TOTDE,TOTSE,W2,TOTSTR

215 CONTINUE
1000 FORMAT t THETA PE KE DE

W2 W1,/)

1001 FORMAT (1X, F5.2, 35E15.4, 2FB.5)

1002 FORMAT (//1 THETA PE KE DE

+ * SE W2 DELTA'/)

1003 FORMAT (MX, F5.2, 4E13.4, 2fB.4)

1004 FORMAT ( TOTALS')
END

r
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1. INTRODUCTION

This report analyzes the square tube basket design shown in figure 2.

These baskets will store either standard BWR fuel, or consolidated BWR

fuel. Since the consolidated fuel analysis will envelope the standard BWR,

that will be the only case analyzed.

There Is a limit to the amount of consolidated fuel that can be stored

without overloading the grid support system. This limit is 103 heavy

(consolidated fuel) baskets and 312 light (regular fuel) baskets in the

arrangement shown for these numbers in Figure 8.

This analysis uses BWR baskets of total weight 7625 lbs to be in the 312

light positions on the grid.

Any use of PWR baskets with standard fuel would not affect the conclusions

of this report.

2. DESIGN CRITERIA

Only the relevant criteria affecting the feasibility of the increased

loading schemes are listed here.

ft

2 -
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2.1. Seismic Response Spectra

The horizontal and vertical design response spectra curves are

shown in Figure 1 and digitized for input into the response Spectra

analysis, as shown in Table 1. The safe shutdown earthquake (SSE) is

based on 5% damping and is considered as a factored loading condition

as defined by the American Institute of Steel Construction (AISC) see

Reference 5). The operating base earthquake (OBE) is defined as being

half the SSE for rigid body motion and is considered as a normal

operating condition by the AISC.

TABLE

- 3 -
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2.2 Allowable Stresses

All the material of construction is 304 stainless steel of
various product forms. The yield strength for all is taken as 35ksi.
The design rules and allowable stresses are based on Section 5 of
Reference 4, Specification for Fabrication of Steel Buildings.

For

Stresses

normal service conditions (including the OBE) the allowable
from Pf I of Reference 4, Section 5, are:
Tension -_Ft a M.6ay - 0.6 (35) - 21 ksi

~ear pinholes etc. Ft a .45(35) a 16 ksi
Shear Fv - .4 (35) - 14 ksi
Bhnding Fb - .66(35) - 23.1 ksi
8earn Fbr- .9 (35) - 32 ksi

For factored loads PtII of Reference 4, Section 5, allows an increase
in allowable stresses to reflect the possibility of the material
exceeding yield in bending providing that equilibrium is not
Jeopardized. This has been interpreted as a 50% increase in allowable
stresses i.e. for the membrane stresses limit, this is extended from
0.6cy to 0.90y.

Tensi n

Hear pinholes

Shetar
Bendiog
Bearing

Ft a 1.5
Ft 1.5

Fv - 1.5
Fb - 1.5

Fbr- 1.5

(21)

(16)

(14)
(23.1)

(32)

- 31.5

- 24

- 21

a 34.7

- 48

ksi

ksi

ksi

ksi

ksi

For combined membrane (om) and
limit must be satisfied

bending stresses (ab) thb interaction

2M + a <0 For buckling limits-- See Pg 28

Ft Fb

For cocponents in the direct lifting load path

Ft -l/S ay - 7 k~i

Fy - 2/3 Ft - 4.7 ksi
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2.3 Loads

The dry weight of the consolidated baskets is 13,790 lbs. as
follows:

Fuel & cladding - 2 (605)

Basket tube

Fuel canister

Bottom plate (25.872(5)(.29))
(8)

- 1210

- 155.4

4 100

1465.4

lbs.

lbs.

lbs.

lbs.

See Appendix

pg. A2-3

* 121.3 lbs.

Stiffening plates (4x4x24.145 1x.29) - 28.0 lbs.
4 See Figure 2

Miscellaneous plates, diagonal

stiffeners, base attachments

for a total basket weight of

2000 lbs. - 452.1 lbs. - approxii.,uted

Total wt. - 9x1465.4+121.3+28.0+452.1- 13.790 lbs.

(NOTE: The wt. used in the dynamics analysis is adjusted to in-
clude entrained water, hydromass and bouancy effects. These are
different for vertical and horizontal motions. See Appendix A2).

The dry weight of the standard basket with fuel is 7625 lbs. (See
Appendix A2).

- 6 -
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3. DESIGN DESCRIPTION

3.1 Consolidated Fuel (Heavy) Baskets

The drawings used were:

C6221

17988-E

17973-D

17992 -D

17993-D

17988-E

17994-8

- Rev. 1

- Rev. 1
- Rev, 1
* Rev. 3

* Rev. 1

- Rev. I

3.2 Standard Fuel (Light) Baskets.

-J

The drawings used were:

17988-0
18114-D

3.3. Grid Structure

Rev. 6
Rev. 3

The drawings used were:

17977-D

18063-D

18I07-D
18109-D

Rev.
Rev.
Rev.
Rev.

4

4 Sheets I A 2
2
5 Sheet I

- 7 -
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4. STRUCTURAL ANALYSIS

4.1 Heavy Basket Modelling and Analysis*

The basket is modelled as a collection of beams and shell

elements. These are shown in Figures 3 and 4. The stiffness and

density value for these elements are given in Appendix A2.

A response spectra analysis was done using the ANSYS finite

element computer code with the stiffnesses and weights given in

Appendix A2 as base line. The stiffness of the grid attachment is

several orders of magnitude higher than the basket support plate and

therefore a decoupled analysis of the basket is justified. The

significant mode shapes were animated on the Textronix machine and

showed that horizontal motion induced bending was the predominant mule

shape as expected. The lowest significant frequency for the design

was 4.7 hz.

4.2 Light Basket Modelling and analysis

Jr,
The basket is modelled again as a collection of beams and shell

elements as shown in Figures 5 and 6. The stiffness and density

values are also given in Appendix A2, based on a basket dryweight of

7625 lbs. The analysis of this basket shows that the critical area

shifts from the base plate (with the plate beneath the tubes acting as

a rigid plate) to the tubes themselves acting as cantilevers. The

lowest significant frequency for the light basket design is 11.2 hz.

thereby increasing the loads on the grid from the PWR basket analysis

where the lowest natural frequency was 17.3 hz.

*These heavy baskets are an updated version of those analyzed in Ref. 7.

- 9-
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4.1 and 4.2 Results

The corner nodes of the basket model interface with the support
grid; therefore, It is necessary to evaluate the reaction loads at
these locations for input to the grid analysis. These results are
shown in Tables 3 and 4. Summarizing the results from Tables 3 and 4
the loads on each corner are given in Table 5.

TABLE 5

I
I
II
III

di

BASKET HORIZONTAL MAX DOWNWARD MAX UPWARD

WEIGHT FORCE Lbs FORCE Lbs FORCE Lbs

Lbs

7,625 1,515 12,638 9,246

13,790 2,518 21,172 15,038
q- I

These loads are

stress levels in

acceptable.

input to the grid analysis. The internal

the basket were checked and found to be

Tube to Base Plate Weld

The maximum horizontal force on the tube to base plate weld is 925 lbs.*
The 3/32 weld is on at least 3 sides of the tube. The weld stress
therefore is

T _ 925 _ _ _ _ N .7 ksi < 21 ksi
(3/32)(3)(.707)(6.5)

*From computer output; heavy basket seismic, Element III, Nt'e 97,
FH * 652 lbs for x and y shakes therefore Ftotal - 922 lbs.

- 16 -



I - �

A )- s- w

4.2 Grid Structure Analysis
C)

4.2.1 Grid Modelling

.1I
I-

Two segments of the support grid system were modelled as
shown in Figure 7 for analysis using ANSYS. the section
properties were as follows: (Dwg. 18107-D Rev. 2)

( Vertical support columns

-I

.r

II
I
i
I
.1I
i

II
I
I
j
I

I

i

4Y

,L x 2% II-%'2_

- . SS ?LArr.

x

SS ?LATE

I.:_
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Area - 2(2x1/2) + 2(1-1/4x1/2) - 3.25 in2
For full shear continuity (this was checked as a valid assumption
using a test case ANSYS run)

Jxx 0& t^ + (z) /5 t ar Z = 5.17 t, Y

[ _ -Y + :L(I v) ( 6 C) 7r- a8In+

A strut of length-
12" was used in the grid model with constant properties A s 3.25
and I - 5.2. This is conservative.

(D Diagonal struts

t

D'It

1/2"xl/2" SQ. SS BAR Area - 0.25 In2

I -1- L (.
= .oo0sz Inqi

0 Corner support posts

These are short and stiff.
assumed as follows

The properties were

I.E A- 9.0 inZ
I - 10.76 in4

G Horizontal struts

Y 2 _. 2-1/2Ox2-1/2"xI/4"
SS ANGLE

A - 2.375 in2

Ixx - 1.406
Iyy - 3.628

- 18 -
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4.2.2. Grid Analysis

loge horizontal and vertical forces given in Table 5 were
applied to the grid system in combinations depending upon the

earthquake directions (assuming the baskets act independently on

the grid - conservative) and the combinations of basket weights.

Basket weight combinations are required to give a realistic limit

to the grid capacity since heavy baskets will be mixed with

lighter baskets in any realistic storage arrangement.

The analysis assumes that 3 light baskets and I heavy basket are

arranged as shown in Figure 8. On this basis 3 earthquake

directions were considered to give 3 cases for each basket

weight. These cases are shown in Figure 9.

The resultinq stresses in the members for each of these cases and

weights are shown in Table 6 for the vertical columns of the

grid. The results for the diagonal struts are given in Table 8

and the results in the vertical columns in the edge of the grid

for an accumulation of 18 sliding grid sections In Table 7.

The grid analysis assumes that the lower side in contact with the

pool liner does not slide, i.e., in the finite element analysis

the lower grid nodes are considered fixed, except for the sliding
analysis of Table 7.

- 20 -
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For sliding to occur
W2.s>F friction force

F

. W- 12 a 2(1- 5

Now F - AIR when sliding is about to

occur

R " @(l3 )

Where av w vertical acceleration

Oh- horizontal acceleration

then sliding could occur. .t a14 /5
(I- ay )

-i

.I

( S-e- e, �,b �L S' )
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TABLE 6

*Basket Types L - Light

H - Heavy

W m 7625 lbs.

W - 13790 lbs.

cm - Direct stress in colum -psi

ab .Maximum bending stress -psi

PT II of AISC allows eb > ay for factored (SSE) loads.

am < 0.9 ay w 0.9x35 - 31.5 ksi

ob < 1.5 (.9oy) - 47.3 ksi PT 11

am + ab O1
31.5 47.3

Pt II
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Figure 8

FUEL BASKET LOADING ARRANGEMENTS

IN BASINS 1 & 2 AT THE MORRIS OPERATION
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EARTHOUAKE COMBINATIONS APPLIED

TO SUPPORT GRID0*fo
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CASE C
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Figure 9
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In the frequency range 5 to 12 hz aH = 0.60g

av = 0.2g

< *6 , .75

.8

For wet steel on steel this is possible; therefore, the stresses in a

"sliding" rack system were evaluated in order to check the 
cumulative effect

of horizontal forces transmitted to the edge of the rack assembly. 
Two ANSYS

runs were done with the following input:

Run 93

Horizontal force on basket support posts Fx - 1515 lbs.

fron

Forces due to the vertical earthquake ( TABI

Fz - 407 + 409 + 423 + 408 - 1647 lbs.

W - 7625 lbs. therefore R * 7625 -1647 - 5978 lbs.

Assume the friction coefficient wet steel on steel p-0.4

then pR = 0.4 (5978) - 2391 lbs.

Therefore the net horizontal force - 2 (1515) -2391 - 639 lbs.

For 18 rack assemblies, 16 of these horizontal forces are

applied to the 2 rack model.

Therefore horizontal force applied to each post m 16xL515 - 51
2

3

.LE 3

12 lbs

Therefore Fx-2556 lbs. applied to top and bottom of rack.

These cumulative horizontal forces are combined with the

overturing forces (non-cumulative) Fz of Table 3.

II
II
i

I

Run #4

Fx a

:iFz -

jR -

FH -

Fx -

FX -

2518 lbs.)

1858 lbs. 3 Table 4

13790 lbs. Therefore R - 13790 -1858 - 11932 lbs.

.4 (11932) - 4773 lbs.

2 (2518) - 4773 - 263 lbs.

16 x 5424/2 - 2104 lbs. therefore

1052 lbs. top and bottom

- 25 -
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The reeults of the grid column stresses for these 2 runs 3, 4

are shown in Table 10.

The interaction limits for struts under factored loading

conditions are taken from Section 2.4, Reference 5, Part 2 of

Part 5. (See this reference for nomenclature.)

Pcr - 1.7 A Fa
therefore

A - 1/2 x 1/2 - 0.25 inZ & acr - Fa

:i

acr - 1.7 Fa Now Fa - 16.07 ksi therefore Fa - 27.3 ksl

Fb - 47.3 ksi

The interaction limit for direct and bending stresses is

,i

p
PC,

C-n

Fe,

(I- k fir,
t SM I

( - Ct ) Ft,

which converts to

Cm 0 0.06 para 1.6.1 See 5 Ref. 5

Pe I > ?Fc

-V)z IZ -E_

Fe 73(h f )
7:.I

-- 1
. I

I-I
*1!I
II
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, -1 - . .

. - J - 4 ". A - 111,-�:�_ �___

0
VERTICAL COLUMN STRESSES (SSE)
IN EDGE GRID WITH ACCUMULATION

OF 18 SLIDING GRID SECTIONS

BAskEr R c4 A/ EcL E/-EAr -& 6 C _
U0/ fr la f . I It F

7 Zr 3 . C 2200'C 69s 220o1 .6 Z

IL I c -77q S 083 | 2s561 .73
I ~ f.3790 ' t~ .7L+

TFOM
rAWX 61L 1m1 r: QL~r'let:

41.3
I .c PtF+-u

TABLE 7

Since the interaction limits for a non-sliding base (Table
are higher than for the sliding grid the sliding grid will
be considered as the limiting condition.

6)
not

The stresses in the diagonal struts are also examined for
possible limits on basket weights. The results are contained in
Table 8.
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-�M , -- 2gN- Xg a-,*. i'wf AM M- i 0--i t = I = E,I'll �A

A=-I.- ,

.... I

.. I:

0
For K - 1.0 4 = 10' rb = .It+

Fe = , 1 2- p 1

Z3 (G9-4) 2
-$sozo ?SL

'' Pc = E (.z.5s) 3vOzo =- q3 s p3C

C= Pe _ I36S
#LS

- S7.6 Is;

v 61-11,
0 v Z--7ZN

+ C).6 C",

( .Ol5 7S ;

C 1,0 This is the interaction equation.

6
From Table 8 For Run #1

-;, _ 82 13 Fs,,
I 7O.. /,5f

9z 13
2,7 0

+ o. (J C s)

(I - pzQ: 4~7 3°b
=~ .3: a ! }0

For Run #2

= 2 826

1 37i4
Z) 300

_i_ 0. 6

(JI
-

I&I7l4 4Q3oo

_ SS. C I/ , OK
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STRESSES IN DIAGONAL STRUTS
(SSE)

0
The elements were reviewed and Element #57 was determined to have the

maximum stress levels.

RUA)J CASe6 psi

PC/ Pso C. r5

C. 676(3 4___ 9 ____

A 11262 7At3 12 OS_

2 2- A ____to 
,_A

c __ __ '*07 8___ __C>

PA&E 26

TABLE 8

Egf-clfllc

FO Y a

:. ._ =
r

eL'-T".. C-f S++,-.d .t 10

' % scvuaie 5eC6o
14-r= .1*'i-

61+ w;-t V- 1-.0 fr Secovlaf1 NewcbUS.

-. _It .S I }
I
I
i
III

I

I
i

4. I = 146es Vs, +" C7 Z srIs I :. F, -= 166<-l;1a I
a-b

f- = cr;., 4. C cz y, o 6 ite-r4 S5.SS lrw,, ANsis

,i - ,o, = i1 Ilrs cOiriers *f 6ar,

K51
T&.LtL t-3G
54czct F.

- 29 -



'. , ;L��'= '-- -�), '2
I , W.os.:F < r;

0
Since the interaction limits for the struts are less than those

for the support columns, the columns will be the limiting member

for basket weights.

The horizontal members are stressed lower than the diagonal

struts and therefore these results are not recorded. The

maximum horizontal force transmitted to the outer wall bracing

can be accepted by the bracing components with a high margin of

safety.

Summary:

The limiting components for basket loading are the vertical

support columns under SSE loading.

$ L,rv-j

The weight limits are:

103 heavy baskets at 1372O lbs.

312 light baskets at 7625 lbs. in the limiting

arrangement as shown in Figure 8.

4.3 LATCH ANALYSIS

For components in the lifting load path

Ft a 1/5 ay * 1/5 (35) - 7 ksi tension

Fy - 2/3 Ft - 4.7 ksi shear
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Clevis: Dwg. C6221 - 17998-C

C % Rod: A ( -

I0 ;r = :7 (J/s _ 4,Sr ps

C 700 CDOk o±1

Side straps:

A =I * x A v Z = 6S6 2.' in

- = ISVZ (7 )

Add 200 lbs. to basket weight for entrained water

h4 O0o .*. 0I(

Basket baseplate:

-S4Ca stmp SiLOJQea(

l D A X of ums4ilmneA
t1 3/¢, platc -x &'112

Assume load is centralized

W - 13790 lbs.

Approximate shear area

= r (6.5) 3/8 - 7.66 in2

Therefore shear stress

7- - 13790/7.66 - 1.83 ksi <4.7 ksi
therefore OK.
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F r-. -- 19. . . . * ,'.-< V>.

Latch bar: Dwg. C6221-17988-E Rev. o

A, -cv, Shear stres

The maximum uplift force from

is 15038 lbs

~s 7- R - .909 R
1.1

the basket analysis, see Table 5,

Therefore max - .909 (ISo08)
- 13.7 ksi c21 ksi

therefore OK.

Bending moment
MK 1/8 R

G _ -r L 1= - R (,

Combined bending and shear
, -Z CSt. ItL

lm~ Z k 0~ - -t 37

_R C
/5V036 L6) ?3X9

_. .- 0F

4e 3-Y.7 kc
, .01C

i
II

41

11

= IS.25 4J KssT c z J . ak'f

Grid corner pocket: Dwg 17977-0

-5

-1

U
A - (.917x.S -. I2Sx.343/Z.)x2-0.874 in

2

Weld area
= (.B 3 )dZ't -t

aRaovs

,v I/ -41 j Vt , 70 7

if
L'S

= . 715^ + '.24r Z O.?$ 1^1

-oA, te b6jkeet an +S . ,y X A'I itce 14 -. Zs8 I

LI *,-, -.---. 5A/ sAIt e 7 = Z / = 2.6 Rs C 2I I- .
a3/', S.I

O

* el.e eJ
0-= /C036/S8 S3k C1 vC
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r- - L. r ,,

I1

Outer guide: Dwg. C6221-17988-E

C- >
Bending moment on guide

K u (2 -.375)R - 1.625R

Weld area * 4x1/4x2 - 2.0 jn2 (groove)

- b h'l/2 = z (ff/.) (14),/, = 2.4 7 in y

- , I- i

r-tZ =-E = Z.-/ 2 - 1. 33sq 1,13

Direct stress on weld ¼V - 1/2.0

7- ' 5038/2." = 7.5 /sC < 21z-: rsIZ :.C

- = = 16.3 K5c
b z - 1, 33S! 4 3,q.'I4. .-.00Bending stress :

Interaction -

*9

-1

31/r

,7.S
3v.s-

Cs'-7

/t L83
3Y. 7

_ .77 <C (O

Lifting bails: BWR baskets - See Appendix Al

I
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4.5 Pit Gate Guard Analysis (See Appendix A3)

4.6 Canister Lifting Device (See Appendix A4)

5. CONCLUSIONS

103 heavy baskets weighing 13790 lbs. and 312 light baskets weighing

7625 lbs. can be installed on the Morris grid in basins I and 2 in the

limiting arrangement shown in Figure B. This is based on AISC limits for

the factored loading of the SSE.

The lifting bails are capable of lifting the 13790 lbs basket.
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C

6 - 386.4
RHO * 62.4 i 3729.
THETAO - 0.0
DELTA * 1.0
ALPHA ma .0
WRITE (6,111)

11 FORMAT(' NPUT THETAI, THETA2, THETA TOTAL AND WEIGHTt '
READ (6,O) OMEGAS, THET2, END, W
DELTA2 - ALPHA THET2 / 26.
W2 a 0.0
AL a 156.
Al a W * 8154 / 6
WI - 0.0
CD w 2.0
AROD aQ.0982
AL2 a B5. 4 T/..J44ITIN&)
E - 50000/.6 VAALUE7 0' 1.0 3
SIG 635000.
ICONT w I
RADIAN a 1 IG2654 10.
CONDE . 26.*AL.*4 * F*4O J(16. * 39)*DELTA ADIAN
WRITE t6,1000)
DO 100 I * DELTA, OMEGA1, DELTA
THETA * RADIAN
PE a W A L * .5 *(COS(THETAO - CS(THETA1)

C
C SOLVE FOR IADRATIC
C

B - (CUNDE * 2. * WI)/(AI / 2. 1 /
* (1. + (CONDE /(Ah/ 2.L))

A 1.0
C * (((-PE + (CONDE * Wl*Wl) /(AI/2.)) - (W1a*11)/

* (I. + (CONDE /MA1/2.)))
D WRITE (6.)1 A, B, C

W2 - t-B + tB*2 - 4. a A * CI**.5) I 2. A a
AKE - (Al / 2.L * (W22W - Wi*Wl)
DE - (CONDE * ( W2 + WI)042)
TOTI;E - TOTKE A AKE
TOTDE - TOTDE DE
TOTPE - TOTPE 4 PE
DESREE u THETA/RADIAN
IFIDEBREE.EO.OMESAII 60 TO 97
IF (ICONT.NE.10) 60 TO 98
ICONT - 0

97 WRITE (6, 1001) DEGREE, P, AKE, DC, W2, WI
99 ICONT a ICONT + 1

WI - W2
THETAO - THETA

zoo CONTINUE
C
C

CONDE a C.97#26.*AL.4 * RHO 1(16. * 6))*DELTA2 * RADIAN
WRITE (6,1002)
TOTBE w 0.0
DO 200 2 - OmEsA1 * ALPHA, 90, ALPHA
THETA - THETAO * (DELTA2 * RADIAN)
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PE - a, AL * .5 *fC0S(TIETA0M - COS(THETA)l
C
C SOLVE FOR CUJAATIC
C
D WRITE t(,*) SIG

SE a (516 + (E/1210i*AL2*ALPHA*.RADIAN)*
+ AROD*AL2ALPHRAD I AN

TOTSE a TOTE£ + S
TOTSTR a TOTSTR * (AL2*ALPHA9AADIAN)
SIG - IBI * tE/(I(05ef(AL2ALPIA*RADIAN1

S - (t:DE * 2. * )l1)/tAI / 2. 2 /

+ (1. + MCONDE /(AI/ 2.)I)
A- 1.0
C * (((SE - PE + (COMDE * Wi*Il)) /(AI/2.33 - W(IWIl)/

* U. 4 ICONDE /(A112.)))
IF (C .GE. 0.01 C - 0.0

0 WRITE (61.3 A, D,-C
W2 w t-9 + (9-2 - 4. * A * C)**.S2 r 2. * A
AKE - (Al / 2.1 * (W20*2 - NIOWI)
DE - (CONDE * ( S2 + 601).2)
TOTKE w TOTKE + AKE
TOTDE - TOTDE * DE
TOTPE - TOtPE + PE
DEGREE s THETA/RADIAN
WRITE (6, 1003) DEBqEE, PE, AKE. DE, SE, N2, TOTSTR
WI - W2
THETAO - THETA
IF(TaTSTR.BE.42) S0 TO 210
IF CDE6REE.6T.ENDI 60 TO 215

200 CONTINUE
210 WRITE (6,1004)

WRITE (6, 1003) DEGREE, TOTPE,TOTKE,TOTDE,TOTSW2 ,TOTSTR
215 CONTIUE
1000 FORrAT t THETA PE KE DE,

+ ' hR2 WIV)
1001 FORMAT tIX, F5.2. 3E15.4, 2FB.5)
1002 FORIMAT (11 THETA PE KE DE,

* * BE W2 DELTA/)
1003 FORMAT tlX, F5.2, 4E13.4, 2F8.4)
1004 FORMAT C TOTALS')
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