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INTRODUCTION

Current national policy states that the decision to re-
process spent fuel from commercial 1light water reactors to
recover fissile materials is being deferred. The spent fuel that
has been discharged thus far from reactors in the United States
is practically all stored in water pools at the various reactor
sites. Since the capacity of existing pools will soon reach its
limit, investigations of environmentally safe methods for longer-
term storage and ultimate disposal of radioactive wastes have
intensified in the past few years.

Rockwell Hanford Operations has conducted studies of passive,
near-surface, interim storage concepts (1,2) and has recently
shifted emphasis to investigations of waste forms and packages
for retrievable storage or permanent disposal in geologic reposi-
tories. Highlights of the analytical and design activities in
the Spent Unreprocessed Fuel (SURF) Program were reported pre-
viously (3); during this past year, major activities within the
program (reconstructed, expanded and presently designated Com-
mercial Waste and Spent Fuel Packaging (CWSFP) Program) have
included several experimental investigations involving simulated
and actual spent fuel, as well as completion of the conceptual
design of a Spent Fuel Receiving and Packaging Facility (SFRPF)
(4). This paper presents a review of program achievements during
this past year.

The fundamental objective of radioactive waste storage/dis-
posal is that public health shall not be endangered by the
presence of the stored material. Stated in such general terms, this
objective is of limited value in defining the characteristics of
an acceptable storage/disposal technique; the objective must first
be translated into specific criteria before it can provide use-
ful guidance to package and repository designers. These criteria
are presently being developed.

315



Unmodified spent fuel assemblies, packaged in
relatively simple steel containers along with inert gas or some
solid medium for improved thermal and/or mechanical properties,
have indicated potential as an acceptable waste form if stored in
a suitable repository. The simplicity of processing this type of
package configuration is clearly advantageous from the stand-
points of cost and safety. As a result ?and in the absence of a
clear definition of an “"advanced" package), the primary thrust of
analytical and experimental spent fuel activities in the CWSFP
Program thus far has been based upon "simple" packages comprised
of steel cylinders containing one or more fuel assemblies and
back-filled with helium prior to final closure.

This program is being conducted under sponsorship of the
United States Department of Energy through the Office of Nuclear
Waste Isolation in Columbus, Ohio. Technical direction is pro-
vided by Rockwell Hanford Operations. The principal technical
participants, whose contributions to this paper are gratefully
acknowledged, are Rockwell Hanford Operations, Westinghouse-
Hanford Engineering Development Laboratory, Westinghouse-Advanced
Energy Systems Division, Battelle-Pacific Northwest Laboratories,
and Kaiser Engineers.

DISCUSSION

The principal spent fuel activities conducted within the
CWSFP Program since the previous status report (3) are:

1. Simulated near-surface (drywell) storage demonstrations
at Hanford and the Nevada Test Site (NTS).

2. Surface (sealed storage cask (SSC)) and drywell storage
demonstrations at the NTS.

3. Spent fuel receiving and packaging facility conceptual
design.

These investigations are described in the following sections.

Simulated Drywell Demonstration

A simuTated drywell experiment is currently in progress in
the 200 West Area at Hanford. The test setup, illustrated in
Fig. 1, has been operating since February 1978 and is intended
1) to provide data describing the thermal properties of soil in
the vicinity of a potential drywell storage facility, 2) to
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define the temperature transients for a representative drywell,
and 3) to verify and improve heat transfer models of drywell
installations.
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Fig. 1. Simulated Drywell Demonstration

The package used for this experiment consists of a carbon
steel canister, approximately 16 inches in diameter and 15 feet
long, containing an electric heater operating at one kilowatt.
This heating rate is representative of either a single Pressur-
ized Water Reactor (PWR) fuel assembly with 33,000 MWD/MTU
in-reactor burn-up and 5 years storage or 3 Boiling Water Reactor
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(BWR) fuel assemblies with 27,000 MWD/MTU in-reactor burn-up and
5 years storage. The package and surrounding area are instru-
mented to record temperatures at various distances and soil
depths.

The data obtained thus far indicate that thermal equili-
brium in the vicinity of the fuel package is achieved in approxi-
mately 9 months, a result that agrees reasonably well with
analytical predictions. Representative analytical and experi-
mental data are shown in Fig. 2.
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Fig. 2. Radial Temperature Profile

At 7000 hours, recorded and predicted canister temperatures
differed by 5°F. It is interesting to note that the best cor-
relation of analytical and experimental data was achieved by
assigning different soil conductivity values to cool (moist) and
warm {dry) regions; the values were 0.45 and 0.25 BTU/hr.-ft.-°F,
respectively.

The test has progressed smoothly with the exception of an
early problem resulting from rain water entry into the canister
(through the electrical conduit) during system installation. The
evaporation/condensation cycle induced within the system pre-
vented the expected monotonic temperature increases in the area
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surrounding the canister. The canister was blown dry, and no
further surprises were experienced. Although none of the heat
transfer analyses conducted during this program has indicated
that the fuel, canister or surrounding medium will suffer any
deleterious effects from the imposed thermal environment, the
observed behavior suggests that charging a small quantity of
liquid into a spent fuel package is a possible method of restrain-
ing temperature increases, if such restraint appears warranted.
Further study would be required (e.g., liquid selection, chemical
and structural effects) if an incentive for temperature reduction
were -identified.

A similar installation was tested at NTS. Data obtained
thus far indicate soil conductivities essentially equal to those
observed at Hanford. Slight variation with depth was noted, but
the average conductivity for ambient soil was approximately 0.48
BTU/hr.-ft.-°F and for warm, dry soil, 0.27 BTU/hr.-ft.-°F.

Nevada Test Site Demonstrations

The most important spent fuel task in the CWSFP Program
during this past year has been the preparation for, and the
initiation of, SSC and drywell demonstrations at the Engine
Maintenance, Assembly and Disassembly (EMAD) area of the Nevada
Test Site (NTS). Pre-test examination of the fuel assemblies
has been completed, and prototypes of each storage concept are
presently in place; EMAD is now preparing to implement fuel
characterization and packaging plans for several geologic reposi-
tory demonstration programs.

Thus far, only PWR fuel from Turkey Point Unit #3 (Florida
Power and Light) has been utilized in the program. The four
assemblies used in the SSC and drywell test phase were symmetri-
cally located in the reactor core, were discharged on October 25,
1975 after burn-up of 25,665 MWD/MTU and will be emitting heat at
a rate of 1.0 kw in March 1979,

The fuel assemblies were shipped by truck from Turkey Point

to the West Jefferson Facility of Battelle Columbus Laboratories
(BCL) during April and May of 1978. The major loading operations,
shown in Fig. 3 are: 1) 1ift the NAC cask from the truck and
lTower it to the bottom of the fuel storage pool (Fig. 3a),
2) Tift the selected fuel assembly from the storage rack and set
it into the shipping cask (Fig. 3b), and 3) replace the cask 1id
and put the cask back on the truck (Fig. 3c). The total loading
operation required approximately 8 hours.
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Fig. 3. Spent Fuel Pickup at Turkey Point Reactor
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BCL was the site of the non-destructive pre-storage charac-
terization of the four EMAD test assemblies, in addition to de-
structive examination of a fifth Turkey Point assembly. Charac-
terization studies constitute an essential element in any program
to demonstrate the safety of a spent fuel storage concept. Main-
tenance of fuel integrity is important primarily during any
specified period during which the fuel might be retrieved. The
objective of the characterization studies is to develop the
methodology and analytical capabilities required to predict the
physical condition of spent fuel upon receipt at the storage
facility, and the integrity of spent fuel during its storage
lifetime. Primary emphasis is placed on (1) degradation mechan-
isms for fuel assemblies in storage, (2) mechanical properties of
irradiated fuel assembly materials, (3) structural analysis for
transportation and handling operations, (4) nondestructive and
destructive examinations of fuel assemblies and cladding, and
(5) equipment design and procurement for fuel assembly/pin
characterization.

The non-destructive examinations at BCL include geometric
and radiologic measurements on assemblies and individual fuel
pins. A 3-inch hole was cut in the forward nozzle, providing
access to approximately 30 pins. Typically, five or six pins in
each assembly were withdrawn (Fig. 4a); a pin undergoing eddy-
current testing is shown in Fig. 4b. Extensive data were
obtained; these are currently being reviewed and interpreted and
will be compared later to post-storage measurements of the same
characteristics.

Results of the destructive examination of one assembly will
provide a reference base for assessment of in-storage changes in
the other assemblies. Since the assemblies experienced nearly
identical in-reactor service histories, it is hoped that subtle
changes, such as nuclide migrations within pins, can be identi-
fied by comparing the results of chemical and metallographic
examinations currently being performed on the reference assembly
with the post-storage results obtained from the stored assemblies.

A particularly important addition to the fuel examination
capabilities currently being developed is the design and fabri-
cation of a calorimeter to measure the decay heat of PWR or BWR
assemblies. Detail design of the unit shown schematically in
Fig. 5 is near completion, and the first prototype will be
tested at EMAD in late 1979. The device is predicated on recon-
densing and measuring water boiloff caused by the decay heat.
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4 b. Eddy Current Scan
Characterization at Battelle Columbus Laboratory
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Fig. 5. Calorimeter Schematic

Calorimetry is 1ikely to offer benefits beyond its contri-
bution to the scientific and engineering information presentiy
being generated in the CWSFP Program. First, measurement of fuel
assembly decay heat appears to be a simple and reliable means of
verifying the burnup and storage period for units delivered to a
packaging facility; it can, at least, detect substantial anoma-
lies. A second, related attribute of calorimetry is that it can
prevent inadvertent acceptance of "green" or Tow-burnup fuel if
such an assembly was somehow not detected during receiving in-
spection. Since this is a key link in the chain of unlikely
events that could trigger an occurrence of criticality (5)(a),
verification that a particular assembly is in fact "used" should
assure certainty of near zero probability for criticality.

The SSC and drywell storage concepts, shown in Fig. 6 and 7,
were selected for experimental verification on the basis of
studies conducted previously (1,2). The canisters designed and
fabricated for the EMAD demonstrations are not prototypical.

(a) also {eguired: fuel disintegration; water intrusion; suitable
geometr
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Packaging and emplacement of 3 PWR fuel assemblies, one into an
SSC and two into drywells, was successfully completed during
January 1979 (Fig. 8 and 9).

The fourth unit at EMAD will be tested in a hot cell to
evaluate effects of external temperature on fuel pin temperatures.
Electric heaters will surround the assembly to provide control of
the boundary temperature and permit measurement of interior pin
temperatures as a function of the surrounding thermal environment.
The data obtained in this effort will support analyses of close
spacing in a repository or burial in a particularly insulative
medfum.

Plans for retrieval and post-storage fuel examination for
these assemblies have not been established at this time, though
it is anticipated that the units will remain in storage no less
than one year nor more than five years. Examination and packag-
ing schedules for geologic repository demonstration programs will
determine when the next phase of this activity will occur.

Receiving and Packaging Facility Conceptual Design

Conceptual design of a Receiving and Packaging Facility (RPF)
for BWR and PWR spent fuel assemblies was completed during this
year (4). The reference RPF was assumed to be located adjacent
to the Hanford 200 West Area and was sized to encapsulate, during
a 15 year operating period, all of the fuel projected to be dis-
charged by commercial reactors through 1990.

The RPF is illustrated in Fig. 10. The dominant structure
is the Receiving and Packaging Building; the overall facility
also includes all of the required support services for RPF opera-
tion. Some of the satellite structures (warehouse, administration
building, maintenance building, etc.) are shown, while others
(electric substation, fuel and water storage tanks, security
building, etc.) are not apparent in this artist rendering.

The sequence of operations for fuel packaging is shown in
Fig. 11. The RPF is equipped to receive fuel either by truck or
rail. Unloading fuel from the shipping cask and lag storage prior
to packaging are both done underwater. An interesting aspect of
the operating sequence is that, since the package is highly radio-
active, X-ray inspection of the canister closure weld is not
feasible. Ultrasonic inspection is a logical, reliable alterna-
tive, but in the context of current regulations governing con-
tainers for radioactive materials, a code variance will be
obtained, as in similar applications. The helium pressurization
station provides the inert environment for the package interior
and provides helium as an additional canister leak check.

326



12€

Fig. 8. Fuel Canister Loading in
SSC Test Unit at EMAD
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10. Spent Fuel Receiving and Packaging Facility
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The Weld and Test Cells will be kept "clean" to the greatest
extent possible. Toward this end, a Special Function Cell will be
utilized for packaging leaking fuel assemblies and for unpackaging
and repackaging those units which exhibit defective canister welds.
This approach should ensure isolation of spilled contaminated
material.

The RPF, on a typical day in its 250 day per year packaging
activity, encapsulates 18 PWR fuel assemblies, one per canister,
and 27 BWR assemblies, three per canister. The package configura-
tions used in this study are shown in Figs. 12 and 13. As noted
earlier, package criteria are still under development;
features such as the simple bail are quite unlikely to be included
in the next design iteration.

An important issue relative to definition of the loadout area
in the RPF is the identity of the next step in the storage/
disposal cycle. The basic alternatives stem from whether or not
the RPF is colocated with a repository; transfer onto a trans-
porter (i.e., in an integrated packaging/disposal complex) is
quite different from preparation and loading for shipment in the
public domain.

Conceptual design of a Drywell Facility as an adjunct to the
RPF was recently completed (Fig. 14). Although emphasis has
shifted away from this mode of storage as a main-line element in
the storage/disposal cycle, drywell storage may play a signifi-
cant backup role. Analysis of possible scenarios for repository
development indicates that in the event a selected repository
proves unacceptable, drywells may be an economical method of
passive, easily retrievable storage for at least 50 years.

REFERENCES

1. Retrievable Surface Storage Facility Alternative Concepts
Engineering Studies. ARH-2888 Rev., Atlantic Richfield Hanford
Company, July 1974.

2. Spent Unreprocessed Fuel Facility Engineering Studies. RHO-LD-2,
Rockwell Hanford Operations, February 1978.

3. K. H. Henry, D. A. Turner, “"Storage of Spent Unreprocessed
Fuel (SURF)", Proceedings of the Symposium on Waste Management
at Tucson, Arizona, March 6-8, 1978, pp. 356-370.

4. Spent Fuel Receiving and Packaging Facility Conceptual Design
Report. RHO-CD-506, Rockwell Hanford Operations and Kaiser
Engineers, September 1978.

5. S. W. Heaberlin, G. P. Selby, Effect of Fissile Isotope Burnup
on Criticality Safety for Stored Disintegrated Fuel Rods,
PNL-2589, Battelle-Pacific Northwest Laboratory, September 1978.

330



CHEA5ING VALVE

i)

(A
=/
_PLAN
1wan cap l’/gwku.
- A 234 A
“ASTW- A 234'B SEAMLESS wo e __ -
CuIDE RNG 1 T )
(ron::jg;on ] u;o o I 8263° 52 -
[ 4 AL g g [ TN3IDE GHCES ] -
) ! TNSIDE CHCES ~.
FUEL ASSEMBLY CORNERS o WA 8543° 5G. L.”'»gm N
T >— . . - CLRTY 43‘;_’_»;- MAX. R ~.
CLOSURE . .
WELD 149 PIPE x 2 WALL

EST INSIDE DIAMZTER o
RANGE 2.83MIN. TO B.18
MAX_BASED ON SELECTIVE
PROCUREMENT

_su £00x T2 wae
SEAMLESS PrPE ASTHI0G!

CANISTER SUPPORT CAGE
FORMED CHANNEL - RGA.
NOTCHED BOTH ENDS 10
CLEAR GUIDE RING WELD
ASTH AS20

3 east puare

o

D/
. -
wan capx'y /“_, "
ASTM A234B SEANLESS ——
SKIRT, 140 P g Jgwa, / \317—
ASTH AL "
BASE PLATEL2_THK /

ASTw-A3%
m-zrmnou / CT‘ON A

T AT
. Qi1 ) !
20 _PERFORATED WOLES (Tye) D) v '
e —] PIPE & FUEL
= ASSEMBLY
‘1;_ BACKING RING ‘S) S
u C:)) i .
5 [ "-ﬁ ¢ PIPE & FUEL ASSY
CAP WELD ofl| Ml 22 SECTION
OH| | & 22 ’
[l
L
\'%‘

Fig. 12. PWR Fuel Package

331



THARGING VALVE

- PLAN
160D CAP 1 7 waL ELAN.
ASTU-AZ34-8 SEAMLESS

drcuioe Ring

utT
CLOSVURE
WELD

SHELL 16 0.0 %2 ware
SEAMLESS PIPE ASTAHIOGE

T

FLATTENED STZEL TURk
APPROX |’>s L
.095"
m}:g#lg‘a.la' :APA\lD |
{Jcl ULL
LENCTY GAGE ) -

=

39BWR FUEL ASSY OVERALL LENGTH

CANISTER SUPPORT CAGE

WI 7215 ASTM-ASG "\

.

T

15-0" REE

653

N o - (a8 10,
FUEL_ASSEWBLY o GE ! Ly 4125 Dia. HoLt - 51810
oy i L 3RS 2 '

A2 NCM CLEAR,
(TYR)

~f

"

WNISTER
1
UCK-UP Rin> 243R N
3
ut p TR
CAP WELD

J .
N
|
g
§ Sgi 3
i s

1600 CaP xb2 wALL
ASTW-AZ34B SEAWLEDS

3 PlDEx waLL NP1
BhsE PLATE R THK A2 \‘;
ASTN-ASE

SECTION /A

Fig. 13. BWR Fuel Package

332



333

lity

Fig. 14. Drywell Faci



