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OI.

INTRODUCTION

Beginning with the 1977 Carter administration ban on commercial spent
fuel reprocessing, spent fuel storage has been an increasing problem for
U.S. utilities with operating nuclear power plants. The reprocessing ban
has since been lifted yet any rebound by the reprocessing industry would
likely take place much too late to be considered as a solution to the
approaching shortage of spent fuel storage capacity in the U.S. Ever
since the mid 70's when 1-1/3 cores was considered ample spent fuel
storage capacity for any one reactor, pool expansions and high density
storage racks have been utilized to the extent that many utilities are
now providing enough on-site storage capacity to accommodate all spent
fuel discharges through the plant's lifetime. Although passage of the
National Nuclear Waste Policy Act of 1982 might suggest this as
unnecessary due to the 1998 requirement for respository availability,
many utilities will nonetheless beiri trouble longbefore this timeframe
(See Figure 1-1). Other storage technologies, therefore, must be relied
on.
Beyond reracking and transshipment, other storage alternatives being
considered include dry storage in vaults, dry wells and casks,
construction of independent pools and; where pool floor loading
limitations permit, fuel rack double tiering and fuel rod consolidation.
Since the dry storage options and the independent pool would require
large up-front capital expenditures, it would seem desirable to utilize
existing facilities to their maximum when possible. This is where spent
fuel consolidation could play an important role. Fuel consolidation
involves the removal of all fuel rods from the fuel assembly for storage
in a more closely packed array thus creating additional storage capacity
in the spent fuel pool.
Anticipating the possible need for further storage capacity beyond that
provided by reracking and/or transshipment, Duke Power Company signed a
contract with Westinghouse Electric Corporation on December 17, 1981 to
demonstrate spent fuel consolidation on four irradiated Oconee fuel
assemblies using Westinghouse designed equipment. The demonstration was
intended to provide additional insight into any technical difficulties
associated with spent fuel consolidation. More specifically, the main
program objectives focused on by Duke and Westinghouse were to:
1.

Perform a 2 to 1 consolidation of spent fuel.

2.

Demonstrate the behavior of spent fuel rods in a disassembly
operation with emphasis on the ability to extract all fuel rods at
one time.

3.

Design portable rod consolidation equipment that could easily be
transported to a site, set up, utilized, disassembled, deconned and
shipped to a Westinghouse Service Center.

4.

Design rod consolidation equipment so that all operations required
for the process could be performed remotely.
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Figure 1-1
U.S. Nuclear Plants With Near Term Storage Requirements
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1989
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Assumes on-site capacity maximized and full utilization of
on-system transshipment.
Ref:

DOE/RL-82-1 Spent Fuel Storage Requirements
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5.

Design equipment with backup recovery tooling and procedures to be
utilized in the event of primary equipment malfunction or unscheduled
occurrence.

6.

Demonstrate the time/manpower/waste disposal requirements of fuel
rod consolidation such that an overall economic evaluation of the
concept can be made by the utility industry.

7.

Demonstrate the absence of any unreviewed safety concerns associated
with the generic consolidation concept as well as with the Westinghouse
equipment and techniques in particular.

After several months of safety analysis.work, NRC discussions and equipment
design, modification and checkout, the demonstration got underway in October
1982. The work was performed over a longer than anticipated 52 day period,
nonetheless all 7 objectives were accomplished as follows:
Objective #1

a)

Two rectangular, consolidated bundles of rods, from each of. two fuel
assemblies were inserted in a single storage canister.

b)

The storage canister containing fuel rods from two complete fuel
assemblies was easily placed into one spent fuel rack location.

c)

Data was collected in such areas as rod pulling forces, canister
weights and crud activity levels for later reference.

Objective #2

a)

All fuel rods were removed from a fuel assembly simultaneously in
one rod removal operation.

b)

Fuel rods from a given fuel assembly were pulled, reconfigured as a
group from a square open lattice array to a triangular pitched
rectangular array of fuel rods tangent to each other along their
length.

Objective #3

Fuel rod consolidation equipment was shipped to the Oconee site, assembled
in a reasonable time period, and utilized on four fuel assemblies. Upon
completion of the consolidation work effort, the equipment was dissambled,
deconned utilizing routine wash down practices, and shipped to the
Westinghouse Spartanburg Service Center.
Objective #4

a)

Four fuel assemblies and skeletons were respectively consolidated
and compacted utilizing equipment operated from the spent fuel pit
operating deck or bridge platform.
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b)

All fuel rods remained below at least 9h feet of water throughout
the demonstration.

Objective #5

a)

Recovery tooling was designed and tested successfully at the
Spartanburg Wet Demonstration Program on selected anticipated
problem areas and additionally utilized during the Oconee Site
Demonstration.

b)

Recovery processes were utilized successfully in the following fuel
consolidation operations.
- individual stray rod handling and storage utilizing single rod
handling equipment.
- multiple rod (complete fuel assembly bundle) recovery and
reconfiguration utilizing rod recovery station.

Objective #6

a)

Time and manpower requirements were documented for .each individual
operation during the demonstration.

b)

The fuel assembly structural components (skeletons) were compacted
to one sixth their original length and placed in canisters.

c)

3 skeleton canisters were shipped off-site for burial.

d)

Several methods for decreasing waste disposal costs were revealed
through the demonstration.

Objective #7

Safety Analyses were performed in the criticality, radiological, structural
and thermal hydraulic areas concluding that the demonstration would not
significantly impact plant safety or increase risk of accidents.
This report will attempt to document the important details of each phase
of the demonstration for safety analysis to waste disposal. This
information will hopefully benefit future efforts by Duke and/or other
utilities to license this spent fuel storage technology.
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.1.

BACKGROUND INFORMATION

A.

General Concept Description
Spent Fuel Consoldiation is a method which can be used to increase
the storage capacity in existing spent fuel pools and thus delays
the need for large capital outlays to secure additional storage
facilities.
The general technique of spent fuel consolidation consists of
dismantling spent fuel assemblies and storing the loose rods in a
closely packed array inside a separate storage canister.
The basic steps involved with spent fuel consolidation are as
follows:

B.

1.

Fuel assembly is moved from storage rack location to
disassembly equipment.

2.

The upper and fitting of the fuel assembly is removed using
cutting tool.

3.

The fuel rods from an assembly are removed using a special
gripper tool.

4.

Once removed from the assembly, the fuel rods are placed in a
rod storage canister.

5.

Once filled with rods,-the canister is secured with a lid and
placed in a storage rack location.

6.

The non-fuel bearing "skeleton" of the assembly is crushed and
placed in a storage can to be shipped off-site for disposal.

Basic Disassembly Equipment
Although consolidation systems will likely differ due to a particular
utility's needs and plant differences, they are all made up of a few
basic pieces of equipment which generally serve the same purpose.
These are described as follows:
Rotating or Fixed Frame
For positioning the fuel assembly and rod storage can during the
consolidation process.
End Fitting Removal Equipment
Mechanical cutter for removing the fuel assembly upper end fitting.
Fuel Rod Gripper Tool
For gripping and removing single or multiple fuel rods.
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Fuel Rod Loading Device
For arranging and loading the fuel rods into the fuel rod storage
canister.
Compaction Equipment
For crushing the skeletal structure, reducing volume in preparation
for off-site disposal.
C.

Historical Perspective
Over the past several years, utilities and vendors have pulled
thousands of fuel rods from spent fuel assemblies in conjunction
with various fuel inspections, research and development programs and
damaged fuel recovery. This experience includes both PWR and BWR
fuel designs. Prior to the Duke/Westinghouse demonstration, Duke's
most recent experience occurred in November of 1980. As part of an
ongoing extended burnup program with the Department of Energy, 16
fuel rods were pulled from an irradiated Oconee fuel assembly at the
Oconee 1, 2 spent fuel pool. The operation utilized some precise
underwater cutting equipment and rod pulling tools developed by
Babcock and Wilcox Company for this purpose. The operation
experienced no problems from start to finish. This industry wide
experience to date does not serve as a substitute for production
scale experience; however, it has answered some basic questions on
removal, handling and behavior of loose, irradiated fuel rods.

D.

Licensing Considerations
Due to the small scale nature of the Duke/Westinghouse consolidation
program, no formal licensing amendment was submitted by Duke to the
NRC. The demonstration was instead pursued on the basis of 10CFR
50.59 whereby the licensee may
...conduct tests or experiments not described in the safety
analysis report without prior Commission approval, unless the
proposed change, test or experiment involves a change in the
technical specifications incorporated in the license or an
unreviewed safety question."
As covered in Section VII of this report a safety analysis was per
formed in all applicable areas and it was determined that no
unreviewed safety questions would be brought out as a result of
performi-ng this demonstration.
An informal meeting with the Nuclear Regulatory Commission was held
in Bethesda, Maryland on January 28, 1982 to discuss Duke's plans
for a consolidation demonstration and to solicit feedback on the
50.59 non-license amendment approach to performing the work. The
meeting was attended by both Duke and Westinghouse representatives
and included presentations of several safety analyses performed by
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Westinghouse and Duke.' Comments made by Commission members indicated
that the 50.59 approach should be appropriate for the demonstration.
NRC made it clear, however, that a full license amendment would be
required for later full scale consolidation efforts. Since spent
fuel storage capacities will be significantly increased and the fuel
assembly characteristics will be significantly different.
A follow-up letter to the Bethesda meeting, dated February 22, was
submitted to NRC formally requesting approval of Duke's planned
approach, (Appendix A). This request was eventually answered by NRC
with a May 26 letter (Appendix B) which stated that for purposes of
this demonstration, the 50.59 approach would be appropriate provided
no un-reviewed safety questions were brought out during Duke's
internal safety review process.
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III. FACILITY/EQUIPMENT DESCRIPTION
The hot demonstration phase of the Duke/Westinghouse consolidation program
was done entirely in the Oconee 1, 2 spent fuel pool (see Figure 3.1).
This is a shared pool between the Oconee 1 and Oconee 2 reactors. As
shown in Figure 3.1, the spent fuel inventory of this pool during the
demonstration was 785 assemblies. The cask pit area of the pool, located
in the northeast corner of the pool is where the consolidation and compac
tion equipment were located. As a safety measure during the demonstration
work, the northern 12 rows of storage cells were left empty. This would
not, however, be anticipated as a requirement for full scale consolidation
since the accidental dropping of any piece of consolidation equipment
would be enveloped by the cask drop analysis previously performed for the
pool. Several of these empty spaces were used during the dempnstration
for temporary storage of end fittings, skeletons, rod storage canisters,
tools, etc. Final placement of the sealed rod storage canisters was in
row 12.
Cask pit area dimensions and overhead crane/monorail hoist clearances are
shown in Figures 3.2 and 3.3 respectively. Except for some minor tool
handling complications, all crane and hoist clearance were sufficient for
all operations. Although both the consolidation and skeleton compaction
equipment could not be placed in the cask pit together as planned, there
was ample room for each independently.
In general, all crane-assisted operations of the consolidation and compac
tion equipment were done using a 3h ton monorail hoist and a 3h ton
auxiliary hook overhead mounted on the fuel handling bridge. Major equip
ment .setup and movement of tools, canisters, lids, etc., into the pool were
done using the ton overhead auxiliary crane. All fuel movement into and
out of the equipment and all movement of rod storage cans loaded or unloaded
were done using the monorail hoist. The remaining equipment used in the
demonstration was of Westinghouse design and is described individually as
follows.
A.

Fuel Rod Consolidation System Stand - Figure 3-4 - A steel framed

structure designed to hold all the components of the dissassembly
equipment as well as the fuel assembly and rod storage canister.
The stand is enclosed on all sides with a thin wall or "debris
barrier" to isolate the equipment and surrounding water from the
rest of the spent fuel pool. The barrier is fitted with a suction
filtering system which will continuously pull water from inside the
stand and remove any metal fillings .and loosened crud that are
released from the fuel assembly during the operation. The stand is
equipped with stabilizer feet and a lifting rig which is used to
install and remove it from the bottom of the cask pit area.
B.

Fuel Assembly Stand - Figure 3-5 - Sits upright in the system stand

and is used to hold the fuel assembly in place during the actual rod
pulling operation. Two three-stage telescoping cylinders, located in
the fuel assembly stand on either side of an installed fuel assembly,
are used as the driving mechanism for the rod pulling step. The
stand is also equipped with retractable grid restraints at appropriate
intervals to hold the grids in place during rod pulling. Retractable
comb mechanisms at the top maintain the loose fuel rods in a controlled
array after the top grid is removed from the fuel assembly.
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C. Internal Guide Tube Cutter

Figures 3-6 and 3-7

-

-

Used for cutting

the control rod guide tubes below the upper grid skirt enabling
removal of the upper end fitting.
0.

Gripper Guide Frame - Figure 3-8 - Contains the fuel rod gripper

tool and is placed on top of the fuel assembly stand. The frame
serves as a guide for the gripper tool during the rod pulling
operation and maintains fuel rods for transport to transition
canister (see (f) below). Includes a cable and winch assembly used
for lowering the loose fuel rods into the transition canister.
E.

Fuel Rod Gripper Tool - Figure 3-9 - Used to grasp each individual

fuel rod simultaneously during the pulling operation. Attached to
the lifting plate; it is lowered down onto the exposed rod ends and
then pushed upward.
F.

Transition Canister

-

Figures 3-10 and 3-.11 - Placed into the

consolidation stand, transforms the configuration of the fuel rods
from a 15 x 15 open square array to an 11 x 19 close packed
triangular array. Maintains fuel rods for transport to storage
canister. Includes roller drive mechanism at the bottom which
controls the feeding of the rods into the final rod storage
canister.

.G.

Compaction Equipment
The fuel assembly skeleton compaction equipment as shown in Figure
3-12 is a one piece assembly which is made up of a skeleton chamber
elevator, a shearing mechanism, and a compaction chamber. The fuel
assembly skeletons are sheared into small sections compacted and
placed into a storage canister.

H.

Recovery Stand
The fourth and last location of the system stand used to regroup all
208 fuel rods in the event that one or more rods are left behind
after the pulling operation due to reasons such as excess grid
spring pressure or failure to engage the gr ipper initially.

I.

Miscellaneous Equipment
Rod Storage Canisters - Figure 3-13

-

Contains separated compartments

to hold fuel rods from two fuel assemblies. Provides for transport
and permanent storage for two consolidated fuel assemblies in existing
storage racks. Includes a bolt-on upper end fitting and energy absorb
ing lower and fitting.
Skeleton Storage Cannisters

-

Figure 3-14

-

Holds compacted skeleton,

including top and bottom nozzles. Provides means of storing, and
later transferring, the skeletons to low level waste repository.
Includes a bolt-on upper end fitting identical to the Rod Storage
Cannister.
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Special Tooling - An assortment of handling masts, extensions, grippers,
manipulators, adjustment tools and guide plates were used with the
consolidation system at different phases of the operation.
Support Equipment - This includes hydraulic systems, penumatic systems,
stray rod removal system, filter system and underwater visual monitor
ing system.
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IV. DESCRIPTION OF PROCEDURES
A.

Normal Operating Procedures
The procedures generally followed during the consolidation process
are summarized in Figure 4-1 and are made up of the following
steps:
1.

Once all the consolidation equipment is setup, the first fuel
rod storage canister is moved into the appropriate location in
the system stand and its lid is removed.

-2. The first fuel assembly is moved from the spent fuel storage
racks and placed into the fuel assembly stand. The assembly is
secured with a clamp at the lower end fitting and with grid
restraints at each grid location. The guide combs are then
inserted into the rod array near the upper ends of the rods.

*

3.

The upper end fitting is removed after an internal tube cutter
has cut through all 16 control rod guide tubes. The cutting
tool is guided into each tube with the aid of a guide plate
that is placed on top of the fuel assembly and serves as a
template, exposing only the guide tube locations.

4.

Once the upper end fitting has been removed, the gripper guide
frame is placed on top of the fuel assembly stand and secured.
The gripper assembly is then lowered down onto the fuel assembly,
engaging all 208 of the exposed fuel rods.

5.

With all the rods secured by the gripper, the telescoping
hydraulic cylinders are activated upward against the gripper
plate, pulling the rods up and out of the assembly.

6.

After all rods have cleared the fuel assembly, the gripper guide
frame is disengaged from the fuel assembly stand and placed on
top of the transition canister. The rods are lowered into the
transition canister. (Iffuel rods were left behind during the
pulling phase the recovery stand is used to regroup the rods
prior to transferring them to the transition canister.)

7.

The transition canister, now containing the fuel rods is lifted
up out of the system stand and placed on top of the rod storage
canister. Once the canister is in position the rods are lowered
into one half of the storage canister.

8.

Steps 2 through 7 are repeated for a second fuel assembly and
with the rod storage canister containing fuel rods from 2 fuel
assemblies, end fitting engroved with an 1.0. number identifying
the two fuel assbemlies is secured onto the top of the storage
canister and the canister is moved to its storage location in
the fuel racks.
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9.

Once all consolidation work is completed, the compaction
equipment is placed in the pool and the structural FA skeletons
are compacted and canned for off-site shipment and burial.

In general all equipment manipulations and operations were done
underwater and therefore required remote handling. When viewing
from the operating deck was difficult, visual verification of tool
and equipment positioning and operation was achieved with the use of
binoculars and underwater camera equipment. During the actual rod
pulling phase of the operation, an underwater suction system was
utilized to collect loose crud that was scraped off the fuel rods.
The suction system would also serve to isolate and remove any suspended
fuel pellet material in the event that a rod was broken in the
pulling process. A temporary platform fitted on top of nearby fuel
racks was used for storing canister lids and assembly end fittings
during the operation.
B.

Off-Normal Operating Procedures
The following off-normal events were anticipated prior to the
demonstration and considered probable enough to warrant recovery
procedures ahead of time:
1.

One or more fuel rods are left behind in assembly skeleton
during pulling operation.

2.

One or more fuel rods are released from the gripper part way
through the rod pulling operation.

3.

One or more fuel rods are broken during the pulling operation.

Although other off-normal events were also anticipated, these three could
be considered as the most difficult to recover from. During recovery
from these three events, a "recovery stand" is utilized to temporarily
store the rod bundle in its original pitch while the problem is solved.
Rods left behind in the assembly skeleton are removed individually and
placed with the other rods in the recovery stand. The entire bundle can
then be regripped. Rods coming "un-gripped" during the pulling process
are individually pushed back down into the skeleton and then treated as
above. When a fuel rod is broken during rod puling, the top segment of
the rod is retrieved by placing the fuel bundle in the recovery stand.
The lower segment is retrieved after cutting enough segments of the
skeleton away to expose the rod. Broken rod pieces are placed in a stray
rod canister.
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V. FUEL ASSEMBLY CHARACTERISTICS
A considerable amount of thought and data collection was done in choosing
the four candidate fuel assemblies. Certain criteria were established to
insure that the assemblies were somewhat representative of a typical
spent fuel assembly whereas others were established to maintain a
reasonable margin of safety. While the consolidation of an unirradiated
assembly would answer some questions and present minimal handling problems,
there would obviously be some un-answered questions. At the same time, a
high enriched, high burnup, leaking fuel assembly may answer all the
questions about clad-strength, grid relaxation, etc., however it wouldn't
be a desirable candidate for a first time demonstration until more is
learned about the performance of this category of spent fuel through other
research. Ideally, then the best candidates for the demonstration would
fall between these two extremes. The following general criteria were' used
in choosing the four assemblies:
1.

Fuel assembly burnup range * 25,000 MWD/MTU

2.

Fuel cycles resident in core * 2 cycles

3.

Initial (as built) enrichment * relatively low (2.5-2.9)

4.

Decay time from discharge

5.

Fuel assembly integrity

6.

Fuel assembly distribution * all from same batch

-

30,000 MWD/MTU

relatively long (3-6 yrs.)
sipped and determinednon-leaking

The four assemblies eventually chosen were of the 8&W 15x15 Mark B-3
design which has single grid end skirts, six intermediate spacer grids,
16 control rod guide tubes, 1 instrument tube and 208 fuel rods. The
assemblies were discharged from the Oconee #2 reactor after being
irradiated in cycles 1 and 2. Material composition of the Mark B-3 is
shown in Table 5-1 below. Tables 5-2 and 5-3 summarize some more
detailed characteristics of the individual fuel assemblies. Figure 5-4
illustrates the operating history of the batch throughout cycles 1 and 2.
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Table 5-1
B&W Mark B-3 Fuel Assembly
Material Composition
End Fittings (2)

Stainless Steel 316L

Grid skirts (2)

Inconel - 718

Spacer grids (6)

Inconel - 718

Hold down spring (1)

Inconel - 750

Guide Tubes (16)

Zircaloy

-

4

Instrument Tube (1)

Zircaloy

-

4

Fuel Rods (208)

Zircaloy

-

4 cladding

Table 5-2
Fuel Assembly Characteristics
Assembly I.D.

2B20

2B55

2B60

2B13

Discharge Date

5/28/77

5/28/77

5/28/77

5/28/77

MWD/MTU

MWD/MTU

MWD/MTU

MWD/MTU

Discharge Burnup

26,215

26,808

26,318

26,851

Initial Enrichment

2.75013%

2.74727%

2.74892%

2.74452%

Final Enrichment

0.9236%

0.9089%

0.9303%

0.9060%

Initial Loading U

464909g

463831g

464196g

463009g

Initial Loading
U-235

12786g

12743g

12760g

12735g

Final Loading U

448375g

447142g

448236g

447483g

Final Loading U-235

4141g

4064g

4170g

4054g

Final Loading Pu

3975g

3985g

4057g

3985g

Fuel assemblies from Oconee 2, Batch 2 irradiated in Cycles 1 and 2.
Oconee-2, Cycle 1 439 EFPD over 877 days.
Oconee 2, Cycle 2 277 EFPO over 320 days.
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Table 5-3
Decay Heat and Curie Content
(5h yrs. cooled)

Assembly Curie Content
Structural Materials

Assembly Decay Heat

598.3 Curies

3.26 Watts

Actinides

1.263 x 104 Curies

3.30 Watts

Fission Products

1.585 x 10s Curies

6.60 Watts
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Table 5-4
Oconee 2, Batch 2 Power History
Cycle 1 Data
Cycle 1 Startup 11-11-73

Fuel Assembly Power Level
MW/Assy.

NOV 73
DEC 73

20
23

JAN 74

6
0
0
0
11
65
22
1

0
0
0
1.87
11.04
3.71

50

8.56

OCT 74

23

NOV 74
DEC 74
' JAN 75

92
67
58

3.83
15.62
11.33
9.85

FEB 75

1

FEB
MAR
APR
MAY
JUN

74
74
74
74
74

JUL 74
AUG 74
SEP 74

MAR
APR
MAY
JUN
JUL
AUG

75
75
75
75
75
75

SEP 75
OCT 75

.

Reactor Power Level
% Full Power

.

2.90
3.83
.

98

.10

.15

63
75
91
87
74
71
44

10.75
12.70
15.47
14.74
12.51
12.10
7.50

76

NOV 75

88

12.98
15.01

DEC 75

100

17.35

JAN 76

96

16.35

FEB 76
MAR 76

59
95

APR 76

69

9.96
16.10
10.03
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Table 5-4

Oconee 2, Batch 2 Power History
Cycle 2 Data
Cycle 1 Startup 7-12-76
JUL
AUG
SEP
OCT

76
76
76
76

NOV
DEC
JAN
FEB
MAR
APR
MAY

76
76
77
77
77
77
77

Reactor Power Level
% Full Power

Fuel Assembly Power Level
MW/Assy.

64
86
96
93
99
31
100
93

9.31
14.52
16.25
16.52
16.82
5.22
17.34
15.76

93
98
91

15.83
16.67
15.47
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FIGURE 5-1
OCONEE 2. BATCH 2 POWER HISTORY
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VI. DIMENSIONAL ANALYSIS
A.

Fuel Rod/Storage Canister/Fuel Rack Interface.
In obtaining a 2:1 consolidation ratio with a particular fuel
assembly design, the dimensional relationship between the fuel rod,
rod storage canister and fuel storage racks are critical. In the
case of the B&W fuel assembly the following considerations are made:
Fuel Rod Assumptions
0.430 inch 'Rod Diameter (nominal)
0.0030 inch'Rod Riameter Growth/Crud Buildup
0.0015 inch Rod Diameter Tolerance
0.4345 Total Assumed Rod Diameter
Array Size Assumptions
11 Rows of 19 Rods each (209)
Each Row Staggered 1/2 Rod Diameter

.866d

d
Array Depth = 10(.866d) + d
= 4.197 inches
Array Width = 19d + .5d
= 8.473 inches

Canister Size Assumptions
Size Tolerance = ±.025 inches
Divider Plate

=

.035 t.004 inches

Canister Walls = .060 t .004 inches
These assumptions together with the maximum array depth and width
dictated a maximum outside square dimension of 8.651 inches for the
rod storage canister as shown below.
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-.R.473 min so

8.651" max sq.

The currently installed fuel racks at the Oconee 1, 2 spent fuel
of
pool were manufactured with a storage cell inside dimension
is the
however
8.965 ± .045 inches square. The critical dimension
this
Comparing
inches.
minimum square envelop requirement of 8.75
minimum
a
gives
inches
8.651
of
to the maximum canister dimension
clearance of .099 inches between the cell walls and canister walls.
In the performance of the consolidation operation, the canister size
as dictated above proved sufficient for storing 416 fuel rods and
easy insertion into the Oconee 1, 2 fuel storage racks.
B.

Minimum Fuel Depth Calculations
Calculations utilizing maximum crane heights, minimum pool water
level and actual equipment/fuel assembly dimensions showed a minimum
fuel depth during both normal and off-normal operation of cranes to
be 9 feet -6 inches. This "worst case" event occurs when the
monorail hoist on the fuel-handling bridge is raised to its maximum
the transition
height (handling mast is "two blocked") while lifting
In all
can.
storage
rod
the
of
top
on
canister up to be placed
fuel rods
the
of
top
the
demonstration,
other processes during the
calls for
FSAR
Oconee
The
feet.
12
than
will be at a depth greater
during all
assemblies
a minimum of 9h feet of water above spent fuel
fuel handling operations.
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VII.

SAFETY ANALYSIS
Prior to performance of the actual demonstration work at Oconee, a
comprehensive safety review was performed by Duke's internal Safety
Review Committee. This review was mostly aimed at demonstrating the
absense of any unreviewed safety questions associated with the
performance of the spent fuel consolidation demonstration. After
safety analyses in the areas of criticality, radiological, structural
and thermal/hydraulic were performed by Duke and Westinghouse it was
determined that no unreviewed safety questions were present and the
demonstration proceded as planned under the guidance of 1OCFR 50.59.
While details of each safety analysis, including acceptance criteria,
methodology, assumptions, results and conclusions can be found in the
Duke Power Company Spent Fuel Consolidation Demonstration Safety Review
Report, and referenced Westinghouse documents, this section briefly
covers the main criteria, assumptions and conclusion of each analysis
performed.
A.

Criticality Analysis
Summary: The criticality analysis performed by Westinghouse(1
used a single acceptance criteria requiring the multiplication
factor K
to stay less than 0.95 under all conditions with all
uncertai Tes included. The analysis concluded that during.all
phases of the demonstration including rod pulling, loose rod,
transition canister and canister storage phases, a configuration
causing Ke to be treater than 0.95 would not occur.

CII)
Westinghouse Nuclear Fuel Division Document PGC-82-150 (W Proprietary).
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Figure 7-1
KEFF VS, ROD PITCH FOR A B&W 15x15 ASSEMBLY
AT 275 w/o ENRICHMENT, NO BURNUP

z
I
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z
.J

*

ROD PITCH (INCHES)

B.

Thermal and Hydraulic Analysis
Summary: The criteria which were cqnsidered in the Westinghouse
thermal and hydraulic evaluations 2j were that local or bulk boil
ing in the spent fuel pool does not occur under normal conditions
and that design heat load of the spent fuel cooling system is not
exceeded under condition I occurrences. The analysis concluded
clad temperatures increase with 90% blockage of rack inlet is less
than 1F and that the increase in pool heat load with full storage
racks would be less than 0.2%.

(2)

Westinghouse NEP-8205, "Report on the Analysis of Consolidated Fuel Storage
in the Spent Fuel Storage Racks of Duke Power Company Oconee Units 1 and 2".
(W Proprietary).
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e.3

Concerns raised late in the safety review process by Duke's internal
safety review board required further analysis to be performed with
total water flow blockage through the rods. The main concern here was
again maintaining adequate cooling of the fuel rods.
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Figure 7-2
MAXIMUM FUEL TEMPERATURE AT CANISTER CENTER AS A FUNCTION OF
YEARS AFTER REMOVAL FROM CORE WITH TOTAL FLOW BLOCKAGE
FOR OCONEE CONSOLIDATED FUEL

o
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LUI
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LL.

YEARS AFTER CORE REMOVAL

C.

Radiological Analysis
Summary: The radiological analysis was performed to show that total
fuel failure during consolidation activities would result in doses
that are less than for previously analyzed accident conditions.
The analysis concluded that accident dose levels compare favorably
with both cask drop analysis and 10CFR100 limits.
Analysis: The radiological analysis was performed using the
following assumptions:
1.

Container holds 416 fuel rods (2 fuel assemblies) and all
fuel rods suffer clad damage in the drop.

2.

Containerized fuel rods gap activity is based on the
calculated fuel handling accident releases given on FSAR page
14-25 (Rev. 1, 9/15/69) but decayed for 2 years.

3.

The 0-2 hr. accident X/Q = 3.35 x 10-s sec/m 3 . This is the
same X/Q used in the fuel handling accident described in the
FSAR.

4.

Retention of iodine in the spent fuel pool is 99%.

Under these assumptions, a release activity of 1.06 x 104 Ci due
to krypton 85 results in the following site boundary doses:
Site Boundary Doses D
0

= 0.204 mrem

= 20.6 mrem

thyroid = 0
An additional analysis was performed to evaluate the impact of
damaging additional "NON-containerized" fuel assemblies. In
addition to assumptions 1 thru 4 above, the following are added:
5.

In addition to damage to the containerized fuel rods, the
dropped container causes damage to stored fuel assemblies
equivalent to 20% of a fuel assembly (i.e., 42 rods).

6.

The 42 fuel rods (see assumption 3) have a gap activity based
on the calculated release for the fuel handling accident
given on FSAR page 14-25 (Rev. 1, 9/15/69) with no additional
decay.

With these two additional analyses included, the activities
released are increased to the following:
Kr-85

1.18 x 104 Ci

Xe-131m

1.23 x 102 Ci

42

Xe-133m

70 Ci

Xe-133

1.02 x 104 Ci

1-131 (equivalent)

18.9 Ci

These released activities.result in the following site boundary
doses:
0

=

D

2.8 mrem

35.3 mrem

Dthyroid = 330 mrem

The results of these two radiological analyses are summarized in
the table below and compared with cash drop and FSAR fuel handling
accident analysis results.
RADIOLOGICAL ANALYSIS COMPARISON
WHOLE BODY DOSE

THYROID DOSE

56 RODS

0.027 rem

0.43 rem

416 RODS

0.021 rem

0.00 rem

416+42 RODS

0.038 rem

0.33 rem

21 ASSEMBLIES

2.320 rem

36.7 rem

46 ASSEMBLIES

4.950 rem

78.7 rem

10CFR 100 LIMITS

25 rem

ANALYSIS

300

rem

As seen in the table above, the thyroid dose for both consolidation
analyses are enveloped by the fuel handling accident analysis, the
cask drop accident analyses, and the 10CFR100 limits. For the
whole body dose, the second consolidation analysis shows a slightly
higher dose than the fuel handling accident analysis. Both analyses,
however, are enveloped by the cask drop doses and the 10CFR100 limits.
Section 15.11 of the revised version of the Oconee FSAR covering
fuel handling accidents is given as Appendix F. This section
details both the fuel handling and cask drop analysis.
Fuel Rod Rupture
Summary: A spent fuel rupture analysis was performed by Duke Power
company to assess the radiological consequences to personnel
inside the spent fuel building. The integrated skin dose to the
whole body was 47.3 REM. This dose assumes that all 208 fuel rods
in a fuel assembly simultaneously ruptures and that personnel
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remain in the spent fuel building for one hour after the accident.
It should be noted that approximately 98% of this dose is Beta
radiation. Since Beta radiation has a short range, little of the
47.3 REM dose would penetrate to critical organs inside the body.
The Duke Power Company System Health Physics handbook states that
the maximum skin dose personnel are permitted to receive due to
accident conditions is 150 REM. In a worse case accident caused by
the rod consolidation demonstration, personnel would receive about
31% of the maximum dose. It is therefore concluded that radiation
exposure due to a spent fuel assembly rupture will not cause a
significant ri'sk to the health and safety of personnel inside the
spent fuel building.
Analysis: In performing the radiation dose analysis, the following
assumptions were made:
The spent fuel assemblies were in the spent fuel pool five
years prior to consolidation.
Only the gap activity would be released.
This release would be as a "puff" release.
The gap contains 10% total noble gas inventories except for
Kr 85, 30% total Kr 85 fuel inventories and 10% total radio
iodine inventory
100% of noble gases in the gap enters the spent fuel building
atmosphere.
1% of radioiodine in the gap enters the atmosphere. The
other 99% is assumed-to be absorbed by the water in the spent
-fuel pool.
It isa assumed that at the beginning of the fuel rupture, a semi
spherical cloud with a radius of six feet forms at the surface of
the spent fuel pool. In a two minute period, the cloud uniformly
expands to fills the volume of the spent fuel building. It is
further assumed that allradioisotopes are distributed evenly
throughout the cloud. Filtered exhaust fans are utilized during
the accident, and all personnel in the spent fuel building are
considered to remain inside the radioactive cloud for one hour.
In conclusion, the assumptions in this analysis are considered
conservative and the radiation risk due to fuel rod rupture is
minimal.
Analysis. a

oStructurali

Summary: The structural analysis performed by Westinghousei
evaluated normal and seismic loads on the fuel racks, canister
sliding and impacting during storage anda canister drop h
accident. These three analyses concluded that the structural
integrity of the cell assembly, the storage rack and the pool
floor is maintained when placing two consolidated fuel canisters
in the Oconee 1, 2 storage racks.
(2)

op cit
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VIII.

OFF-NORMAL EVENTS
In general throughout the demonstration, the procedures and equipment
described in sections III and IV were utilized on each of the four fuel
assemblies. The off-normal events that were anticipated and prepared
for did not occur. However, a considerable amount of time and some
minor procedural changes were necessary to recover from some equipment
problems that were not anticipated. These problems occurred in the
following three areas:
1.
2.
3.

Guide Tube Cutting
Filter system Operation
Transition Canister Unloading

A.

On the first two fuel assemblies, the guide tube cutting operation
required 2 and 5 days respectively due to inconsistent cutting
ability, breaking 'of cutting blades, and minor adjustments to the
cutting tool. The relationship between cutter outside diameter
and guide tube inside diameter is an important factor in cutting
ability such that proper sizing of the cutter tool becomes very
critical. Also, hardening of the guide tube material through
irradiation was also thought to be a factor in the difficulty
experi enced.
Beginning with the third assembly, a modified cutter containing
two blades instead of one was used with success. However, due to
the extra torque exerted by the double-blade cutter, some of the
guide tubes were unscrewed from their threaded seats in the lower
end-fitting. Once this problem was realized, procedural changes
were put into effect which required counter rotation of each guide
tube after being cut to insure attachment to the lower end fitting.
In summary then, double bladed cutters working in the counter
clockwise direction would solve the guide tube cutter problems
completely in future consolidation efforts.

B

S

During
e
the rod pulling phase of the consolidation operation, a
large amount of crud material was scraped off the fuel rods as was
expected. The rod pullingoperation therefore, generates the most
need for a vacuuming system from bthi the crud cleanup and broken
rod isolation standpoints. Actual performance of the vacuum
system proved less than adequate to quickly remove suspended crud
particles and maintain water clarity. Due to the large opening in
the top of the system stand, the suction force in the vacuum
system was not adequate to replace the system water volume at a
fast enough rate.
Water clarity, therefore was only achieved after allowing the
suspended particles to settle. A larger vacuuming capacity and/or
a more isolated system would be necessaryto avoid having to wait
for settling and ita insure fuel pellet/fission product isolation

foll:Iowing a rod breakage event.

Inany event,. post consolidation

cleanup of the cask pit area should be performed to avoid unnecessary
contamination of casks and other equipment used in this area.
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C.

When lowering the fuel rods from the transition canister into the
rod storage canister, a roller drive mechanism which exerts
sideward force on the compacted fuel bundle is used to lower the
rods into the storage canister. The perpendicular force exerted
by the rollers serves as a brake against the force of gravity
whereas the rolling function serves as a method of lowering the
rods down into the canister in a controlled manner.
Although this mechanism had no problems on the first assembly, the
air motor which drives the rollers failed to operate on the second
assembly. This failure allowed the rods to enter the storage
canister in an uneven array making it impossible for all rods to
be fully inserted into the storage canister. Thirty-three (33)
individual rods had to be pulled from the storage canister one at
a time until the remaining rods were able to seat at the proper
level. Although it would have been possible to completely recover
from this.situation by placing all 208 rods in the recovery stand
and reconsolidating the bundle, time limitations dictated the
eventual decision of utilizing a "stray rod" canister for storage
of the 33 rods.
Since the pulling of individual rods was done using a simple rod
pulling tool attached to a handling mast, certain precautions were
taken to insure that at least S9 feet of water were maintained
above the fuel rods. Markings were made along the mast at 1 foot
intervals from the bottom to indicate to the operator the distance
between the rod and the water surface.
Procedural changes which included pre-operational check out of air
motors and temporary installation of a "block plate" above the
storage can opening were used on the third and fourth assemblies.
These extra precautions resulted in no further problems with the
transition canister during consolidation of these last two
assemblies.
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IX. CONSOLIDATION DATA SUMMARY
Throughout the performance of the spent fuel consolidation work, several
pieces of data were recorded for future reference. This data included
pulling forces, equipment weights, time requirement and radiation dose
information. Although it would be expected that much of this information
is specific to the B&W fuel design and more particular to the actual 2
cycle burnup history of the four candidate fuel assemblies, it should
still be quite useful in providing previously unavailable indications of
the requirements and limitations to be expected in future consolidation
efforts. This information is summarized in the following tables:
Table 9-1
Weight Measurement
Item

Weight (inwater)

Fuel Assembly 2B13

1300 lb.

Fuel Assembly 2B20

1300 lb.

Fuel Assembly 2B60

1350 lb.

Fuel Assembly 2B55

1300 lb.

Rod Canister XEK001

2450 lb. (383 rods)

Rod Canister XEK002

2600 lb. (416 rods)

Stray Rod Can XEK003

600 lb. (33 rods)
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Table 9-2
End Fitting
Pulling Forces
Assembly
Assembly
Assembly
Assembly

2813
2B20
2A60
255

1940
1400
950
500
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lbs
lbs
lbs
lbs

0

Table 9-3
Time Requirements

Activity Performed

Time Required*

Guide Tube Cutting
Assembly
Assembly
Assembly
Assembly

2813
2820
2B60
2855

2 days
4 days
1 days
1 day

Complete Consolidation
3
18
25
4
1
7

Assembly 2B13
Assembly 2820
Total for Canister XEK001
Assembly 2860
Assembly 2B55
Total for Canister XEKOO2

days
days
days
days
day
days

Single Rod Pulling on 2B20 (33 rods)

2 days

Compaction of 4 skeletons

2 days

Equipment Setup/Checkout/Retricual

18 days

Total for all activities

52 days

*One day = 40-50 man hours
General Manpower Requirements:
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1 Fuel Handling
Technician
3 Consolidation
Equipment
Technicians
1 Tooling Advisor
1 Supervisor
1 Oconee Engineer

Table 9-4
Personnel Exposure

Worker Category

Total Dose

Westinghouse
Technicians

400-600/person

40-50

Westinghouse
Supervisors

200/person

40-50

Duke Operators/
Engineers

100-200/person

20-30

Total Job Exposure
.730 man rem for setup/decon
3.765 man rem for operation
Overall exposure Rate -.
15-20 mr/8hr. shift/man.
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Days Working

X. WASTE DISPOSAL
As discussed in section IV the four fuel assembly skeletons remaining
after completion of the consolidation steps were compacted and placed
into small canisters for shipment off-site. The compactor, when equipped
with the normal 9 inches square by fuel assembly length skeleton storage
canister, reduces skeleton volume so that eight to ten skeletons can be
stored in each canister. For the Oconee demonstration, a 9 inch square
by 52 inch long canister was used rather than the fuel assembly length
can for compatibility with a particular shipping cask.. The compactor
achieved at least a 6:1 volume reduction. Of the four skeletons, 1 1/2
skeletons were placed in each of two canisters, and one skeleton was
placed in a third canister.
Some early concerns related to the potential transuranic content of these
skeletons were resolved through an independent sampling and analysis of
crud material and metal filings from various sources and locations in the
spent fuel pool. As summarized in the table below, the analysis showed
transuranic content to be below the 10 nonocurie per gram limit dictated
by the Barnwell low-level waste burial facility.
Table 10-1
Transuronic Analysis Summary

Oconee Crud Scrapings
Unit 1 & 2 SFP

Unit 3 SFP
LRC Hot Cell Filings

Duke Power Samples

-

-

Total
Transuranic
Content
Max (NCi/g Avg)

Component

No. of
Samples

Upper End Fitting

3

3.2

2.4

Upper Skirt

3

4.3

1.4

Rack

2

.6

Upper End Fitting

1

--

Guide Tube

1

--

Resin

1

--

0

Spent Fuel Filter

1

--

11.7

.5
3.7
.4

In preparation for off-site shipment of the 3 skeleton canisters, some
initial dose rate projections were made to determine the necessary
handling procedures. These dose rates were based on curie content
predictions from the B&W version of ORIGEN called LOR2.
Initial projections on these dose rates turned out to be quite low when
compared to the dose rates eventually measured directly from the skeleton
canisters. After some discussion with the fuel vendor, Babcock & Wilcox,
it was agreed that the difference was due to activation of Cobalt
impurities in the inconel spacer grids of approximately .05% by weight.
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Although this is a small amount, the high neutron capture cross section
for Co-59 causes the production of about 170 curies of Co-60 per
skeleton, as compared with 25 curies/skeleton without the impurities. As
shown in Table 10-2 below, the Cobalt 60 component of the skeleton
contributes 98% of the total dose rate from a cannister containing 1h
skeletons. Total dose rate from this structural material is therefore
highly dependent on Cobalt-60 content.
Table 10-2
Estimated Activity of Skeletons
Of Consolidated Fuel Assemblies
Curies
Isotope
Mn-54
FE-55
Co-60
Ni-59
Ni-63

Approx. Dose Rate
1 Skeletons In
Air At 10 Ft. R/Hr.

1 Skeleton

1 Skeletons

2.0
230.9
167.3
1.2
184.0

3.0
346.4
251.0
1.8
276.0

0.2
0.
35.7
0.
0.

Sn-119m

1.2

1.8

0.

Sb-125
Te-125m
Other

9.5
2.0
0.2

14.3
3.0
0.3

0.4
0.
0.

598.3

897.6

Total

36.3

Due to these higher dose rates, handling procedures for the three
canisters had to be revised to allow for underwater loading into the Chem
Nuclear Shipping container.
To better illustrate the effects of the cobalt impurities in the skeleton
material, Table 10-3 compares the curie content, dose rate, and disposal
costs with and without the cobalt impurities. As the table shows, the
greatest impact of these impurities was the effect on cost of burial at
the Barnwell facility. Because of the high activity, shutdown of the
facility was necessary during transfer of canisters from cask to slit
trench to protect personnel from exposure. With the small canister size
and lower compaction ratio for the demonstration skeletons, three
shipments were required to dispose of four skeletons. (The expected
requirement for a production lot of assemblies would be one shipment for
6 to 8 skeletons). Thus, the combined effect of high activity and
excessive number of shipments on the curie surcharges and fees for cask
use, site shutdown and burial resulted in a waste disposal cost per
assembly that was greater than the projected cost for the consolidation
service itself.
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Table 10-3
IMPACT OF COBALT IMPURITIES ON
1%SKELETONS COMPACTED

FINCONEL - 718 GRIDS]
NO COBALT IMPURITIES

.05% COBALT IMPURITY

TOTAL CURIE CONTENT

680

900

COBALT 60 Ci CONTENT

38

251

SURFACE DOSE RATE

400- 500 R/H R

3000 -6000 R/H R

10 FT. AIR DOSE RATE

4 R/HR

36.3 R/HR

ESTIMATED COST FOR
3 SHIPMENTS

515K-20

S50K - S60K

COST/SPACE CREATED

S7.5K - $1OK

$25K - $30K

$16-S22

$54-$65

COST/kg U

*MEASURED DOSE RATE

In the absence of improvements in skeleton compaction ratios and
packaging, the disposal costs experienced in the demonstration program
would greatly affect the economic desirability of fuel consolidation. As
noted, however, the number of shipments required to dispose of skeletons
would be significantly fewer than indicated in this program, and .the
associated costs should thus greatly improve. Other methods are also
being investigated by Duke and/or Westinghouse to further reduce these
waste disposal costs. Areas being addressed are listed with pertinent
comments in Table 10-4.
The potential for cost savings is best illustrated in a case study
summarized in Table 10-5. The effects of waste disposal at Barnwell
versus waste storage.on-site, in terms of overall cost of fuel rod
consolidation, are compared here. The case study shows that even with
fictitious free consolidation services (Case 2), the cost of waste
disposal alone would equal the overall cost of paying for the consoli
dation services at a reasonable rate and storing the skeletons on-site
(Case 1).
In summary then, while this demonstration successfully answered questions
about the performance of remote underwater equipment and behavior of
spent fuel rods, it has also uncovered some very important questions with
respect to the "back end" of the spent fuel consolidation technology.
These questions will obviously need to be answered and incorporated into
future efforts towards a full scale consolidation effort.
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Table 10-4
Alternative Waste Disposal Methods
and Limitations

Method

.

Comments/Limitations

Use of End Fittings with
rod storage canisters.

Requires special fastening techniques
and canister design.

Increased Compaction Ratios.

10:1 max. compaction ratio.

Fuel Vendor Improvements on
Impurity Content.

Would increase fuel fabrication costs.

Use of Zirc or other alloys in
place of Inconel for six intermediate grids.

Fuel fabrication costs would increase;
Zirc intermediate grids already offered
by several fuel vendors.

In-pool storage of skeletons.

Decreases consolidation effectiveness
by using up storage space.

Construction of On-Site skeleton

Some up-front costs. Potential

storage facility.

licensing problems.

Consolidation of shipments to
avoid multiple site shutdown fees.

-

Shipping cask availability would be a
consideration.

Utility Ownership of Shipping Cask.

Limited cost savings, same up front
costs.

Use of Spent Fuel Shipping Casks.

Cask availability and compatibility.

Optimize Canister Capacity.

Current compaction capabilities would
reduce number of canisters required for
shipment by a factor of five.
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Table 10-5
CONSOLIDATION CASE STUDY

CASE 1
STORE SKELETONS 10:1
ON-SITE

CASE 2
SHIP SKELETONS OFF-SITE
FOR BURIAL

ASSEMBLIES
CONSOLIDATED

10

10

CONSOLIDATION
COSTS

$100,000

FREE!

WASTE DISPOSAL
COSTS

NONE

$125,000

$100,000

$125,000

4

5

$25,000

$25,000

$54

$54

TOTAL COSTS
SPACES CREATED
COST/SPACE
COST/kg U

ASSUMPTIONS: CASE 1 CONSOLIDATION @$10,000/ASSEMBLY
CASE 2 CONSOLIDATION FREE
WASTE DISPOSAL BASED ON DUKE PROJECTIONS
(S50,000/4 SKE LETONS)

XI.

CONCLUSIONS
As discussed in Section I, the main objectives of the demonstration were
achieved with general satisfaction. At this point it appears that with
some improvement in the waste disposal area, the concept of spent fuel
consolidation could play a key role in extending the spent fuel storage
capacity of existing spent fuel storage pools that are.not up against
pool floor loading restrictions. After reserving space for FCD and for
3-5 year cooling, storage capacities could be increased up to as high as
90% depending on the initial capacity of the pool utilization. The
impacts of utilizing rod consolidation at Duke's 3 nuclear facilities are
summarized in the following table:

Nuclear
Station

Current
Storage Capacity

Consolidated
Storage Capacity

Percent
Increase

Oconee

2137

3697

73%

12yrs.

McGuire *

1000

1441

44%

4 yrs.

Catawba *

2836

5113

80%

19 yrs.

Storage Years
Added

*Reracking potential not included.
By increasing on-site storage capacity, U.S. utilities will be able to
decrease or eliminate their reliance on DOE emergency relief storage
while awaiting the 1998 permanent repository date mandated in the NWP act
of 1982. Additionally, it would seem desirable from the standpoint of
DOE that spent fuel shipped to a-disposal facility be consolidated to cut
down on shipping, handling and storage volume requirements. In short,
the benefits of large scale spent fuel consolidation can be realized by
Government as well as the utility industry.
A recent review of outstanding rerack proposal requests by U.S. utilities
shows a definite trend toward racks designed to handle the additional
seismic loading resulting from the storage of consolidated fuel
assemblies. It is inevitable, therefore, that spent fuel consolidation
licensing efforts are forthcoming.

5

Although both Duke Power Company and Westinghouse Electric Corporation
understand that the requirements of performing spent fuel consolidation
on a full scale basis are much more involved and in some areas much
different from the requirements for this demonstration, both parties feel
that it should be viewed as an important step in showing that spent fuel
consolidation as an acceptable storage alternative from a safety
standpoint. Remaining development efforts therefore, should focus on
improvements which, while maintaining or improving the current safety
level, will increase the economic advantages of the consolidation
alternative over other more capital intensive technologies such as cask

storage, vault storage or independent pool construction.
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APPENDIX A
DUKE LETTER TO NRC
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DUKE PowER CompANy
Powza Bun.DIo
422 SoUTH CRacH STREET, CARLOTTE. N. C. 28242
WILLIAM 0. PARKERJAFt.
Sice PaouScto

TruLgqowc: ASCA 70

February 22, 1982

.73-4ee3

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Comission
Washington, D. C. 20555
Attention:
Subject:

Mr. J. F. Stolz, Chief
Operating Reactors Branch No. 4
Oconee Nuclear Station
Docket Nos. 50-269, -270, -287

.On
Dear Sir:

February 1, 1982, Duke Power Company (Duke) and Westinghouse Electric

Corporation entered into an agreement regarding Westinghouse's performance
of spent reactor fuel consolidation services with four 15 x 15 B&W fuel
assemblies in accordance with the Westinghouse spent fuel consolidation
services proposal dated August 1981. A detailed overview of the program
and necessary analyses was informally presented to the Commission on
January 28 in Bethesda, Maryland. As a followup to that meeting, this
letter serves as both a formal notification of Duke's intentions and a
request for NRC's concurrence on the approach Duke plans to take in per
forming this work.
The Duke/Westinghouse agreement requires Westinghouse to design, fabricate
and operate the consolidation equipment whereas Duke is required to supply
the four spent fuel assemblies as well as the Oconee 1, 2 spent fuel pool
and related facilities, equipment and manpower. Each party is also expected
to perform selected safety analysis relevent to and necessary for performing
the demonstration.

The Westinghouse consolidation system pulls the entire assembly of fuel
rods at once. The assembly is held in a "consolidation stand" which sits
in the cask loading area. The upper end fitting is removed by inserting
a retractable tube cutter into each of the guide tubes and cutting from
the inside out. Once the upper end fitting is removed, a multiple rod
gripper is lowered onto the now-exposed tops of the fuel rods. After securing
all rods, the gripper is raised, pulling all rods at once. The rods are
then fed through a transition cannister which puts them into a close packed
triangular array from which they are fed into the storage cannister. This

process is repeated twice for each cannister resulting in two fuel assemblies
consolidated into one storage cannister or a 2:1 consolidation ratio. An
end fitting engraved with the two fuel assembly I.D. numbers is secured
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onto the top of the storage cannister. After transferring the storage
cannister to a fuel rack storage location the resulting two assembly
skeletons are compacted and canned for offsite shipment and burial.
As mentioned above, this demonstration will be performed in the cask
handling area of the Oconee 2 spent fuel pool. Equipment and fuel handling
will be done using two two-ton auxiliary cranes and one 100 ton crane, all
of which are or will be seismically qualified for their respective uses
during the demonstration. Duke personnel will assist Westinghouse per
sonnel in equipment set-up, operation, and decontamination. Four fuel
assemblies nave been chosen for the demonstration from a two cycle batch
of fuel discharged from the Oconee 2 reactor on May 28, 1977. The five
year decayed f'l will have average burnup, curie content and decay heat
loadings of 26,80 MWD/MTU, 208,858 curies and 961 watts respectively.

As presented at the J;;auary 28 meeting in Bethesda, various safety reviews

have been performed mortly on a preliminary basis. The following is a
sumary of these review., and the conclusions reached at this point:
Nuclear Criticality:

The e.-ceptance criteria for the nuclear criticality
review vas to ensure that Keff < 0.95 under all
conditicar ith all uncertainties included. The
assumptionx used in this analysis were that the
fuel is fresh (2.75 w/o), an infinite pure water
reflector is -::esent and that geometry control is
used where possible. The worst accident condition
is a uniform inctese in pitch during fuel rod
removal where geometry control is not possible. For
the most reactive uniform pitch of about .8 inches,
Keff < 0.95. Keff continuously decreases with
decreasing pitch from .8 inches. Therefore,.this
ensures that the storage mode containing the close
packed rods is non-reactive.

Structural/Seismic:

In the Structural/Seismic review, the areas of concern
were local cell assembly stresses and pool floor
loads. Under both normal and seismic conditions,
the margin of safety for all stress categories of
each component were slightly lower for the consolidated
fuel as compared to the un-consolidated fuel. These
lower margins were still considered as acceptable.
The analysis of fuel pool loading showed an increase
of less than 1.5% for both types of installed racks
under normal ani seismic conditions. Cannister sliding
and impacting within the storage cell will not be

a concern due to the design of the cannister.
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Thermal Hydraulic:

The acceptance criteria for the thermal-hydraulic
evaluation is that local or bulk boiling in the spent
fuel pool does not occur under normal conditions and
that the design heat load of the spent fuel cooling
system is not exceeded under condition I occurrences.
The analysis assumes various conservative flow areas
and other dimensions, 24 feet of water above fuel,
decay heat levels of 961 watts per assembly, inlet
temperatures of 150 07, cannister placement in innermost
rack location and peak to average pin heat-output
ratio of 1.6. The analyses performed showed that
clad temperature increase with 90% blockage of rack
inlet is less than 1oF and that the increase in pool
heat load with full storage racks would be less than
0,2%.

Radiological:

The radiological review was performed to show that
total fuel failure during consolidation would result
in doses that are less than previously analyzed accident
conditions, This analysis assumed that all 416 rods
of one cannister were damaged along with 20% of a
nearby freshly discharged fuel assembly (42 rods).
Gap activities for the consolidated fuel were assumed
to be that of 2 year old fuel whereas the gap activity
of the 42 rods was based on FSAR values. The results
of this review showed dose levels of 0.038 Rem and
0.33 Rem for the whole body and thyroid respectively.
These compare favorably with 2.32 Rem and 36.7 Rem
for a 21 assembly cask drop analysis, 4.950 Rem and
78.7 Rem for a 46 assembly cask drop analysis and
10 CFR 100 limits of 25 Rem and 300 Rem.

Although further work is ongoing, a general conclusion from the preliminary
results of these and other analyses is that both Duke and Westinghouse feel
confident this program can be undertaken without significant impact on
plant safety or increase in accident risks.
At present, Duke Power Company is discharging 200 fuel assemblies per year
into spent fuel pools of our operating plants. This will increase to about
380 per year by 1986. With this in mind along with the uncertainties in
long term away-from-reactor storage or reprocessing by private industry or
government, Duke is attempting to investigate all possible spent fuel
options that have some potential. Rod consolidation appears to
*storage
have some very strong advantages over other options and therefore Duke
would like to investigate its feasibility through this demonstration.
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Duke Power Company understands that the requirements for performing spent
fuel consolidation on a full scale basis are much more involved and in
some areas, much different from the requirements for this demonstration.
Therefore, it is important to note that Duke is addressing no more than
this demonstration on four fuel assemblies that are five years old.
Duke is confident that all safety questions applicable to this demonstration
will be addressed and that the planned approach for performing this work
is in agreement with the Nuclear Regulatory Commission requirement. Duke,
however, would appreciate a reply from your office expressing agreement
with these statements.
Very truly yours,

William 0. Parker, J
RLG/php
bcc:

H.
K.
N.
R.
P.
J.
R.

B. Tucker
S. Canady
A. Rutherford
C. Futrell
M. Abraham
E. Smith
T. Bond

T.
en
H. T. Snead
R. W. Rasmussen
D. B. Blackmon
R. W. Bostian
NRC Resident Inspector
Section File: OS-801.01
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NUCLEAR REGULATORY COMMISSION
WASHINGTON, 0. C. 20555

May 26, 1982
Dockets Nos. 50-269/270/287

Mrr William 0. Parker, Jr.
Vice President - Steam Production

Duke Power Company
P. 0. Box 33189
422 South Church Street
Charlotte, North Carolina 28242
Dear Mr. Parker:
We have reviewed your February 22, 1982, letter concerning. the spent fuel
consolidation demonstration program you plan to undertake at the Oconee
Nuclear Station. From the information you provided in your letter, and the
information presented in our staff's January 27, 1982 meeting, we perceive
no special technical or safety concerns related to this demonstration pro

gram.

This evaluation is based on our understanding that factors such as

criticality, heat generation, seismic, structural, radiological and handling
accidents have been evaluated for four fuel assemblies which have been
stored in the spent fuel pool for five years, and that the demonstration
program is limited to four such assemblies. As stated in your letter, full
scale consolidation would be much more involved and would require prior NRC
approval.
In order for Duke Power Company to proceed with this demonstration program,
it is necessary for you to comply with the provisions of 10 CFR Part 50.59
which allows the holder of a license to conduct a test or experiment with
out prior NRC approval provided it does not involve an unreviewed safety
question or a change in Technical Specifications. Ifyou determine that
an unreviewed safety question or a change to a Technical Specification is
involved, it will be necessary for you to seek and to receive prior NRC
approval before undertaking the program or portions thereof for which prior
NRC approval is required.
If you have any questions on this subject, please contact your NRC Project
Manager.
Sincerely,

Thomas M. Novak, Assistant Director
for Operating Reactors
Division of Licensing

cc: See next page

