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KNAPP MILLS INC. PIQUA-ELK RIVER REACTORS

WILMINGTON, DELAWARE SPENT FUEL SHIPPING CASK

REVISED

Introﬂction

This design report along with referenced drawings describes the Piqua-Elk
River Spent Fuel Shipping Cask . The cask is designed to transport 19 spent
fuel assemblies from either reactor to their respective reprocessing plants.
Rail shipment has been selected as the normal mode of transport; however,

it is possible to ship the cask by truck with special equipment and special
permits from applicable highway authorities over the selected route of travel.
The cask design and construction are described in the following drawings.

Drawing Number Drawing Title

F-2096 General Assembly

F-2055 Sheet 1 Cask Body Fabrication Detail
F-2055 Sheet 2 Cask Body Machining Detail
F-2056 Sheetl Closure Head Fabrication Detail
F-2056 Sheet 2 Closure Head Machining Detail
F-2056 Sheet 3 Closure Head Assembly

F-2058 Sheet 1l Shipping Structure Base:
F-2058 Sheet 2 Support Stand Strut Assembly
F-2058 Sheet 3 Shipping Structure Assembly
F-2100 Fuel Basket Assembly

F-2068 Fuel Basket ("

C-1566 Fuel Assembly Basket Inserts
F-2102 Lifting Rig Details

F-2087 Miscellaneous Details

C-1575 Thermocouple Assembly

B-1018 Bellows Seal Globe Valve

To assist in the evaluation of the cask design, technical data for the fuel
used in the design of the cask is tabulated below. These data have been
supplied by AEC-COO and are contained in the following documents:

Piqua
Atomics International System Description No. A87-710-1

AEC-CQO Form 434 dated July 8, 1960
PNRF Final Safeguards Summary NAA-SR-5608

Elk River

ACNP Final Physics Report dated May 23, 1960

ACNP Start-Up Physi cs Report dated September 30, 1960
AEC-COQO Form 434 dated July 8, 1960

ERR Final Hazards Report dated July 8, 1960.
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Introduction (Continued)

Fuel Assembly Data

Characteristic Piqua Elk River
Overall Length - inches 80-1/2 81-5/8
Overall Cross-Section - Inches 5-9/16 3-19/32
Active fuel length - inches 54 60
Cross-section~fuel area - inches 5.210 dia. 3.450 sq.
Fuel element configuration Concentric 5x5 Array of fuel
Cylinders pins
Cladding Material Al SST
Cladding dimensions - inches 0.035 thk. .452 OD x .020 wall
Fuel Material U-Al U0,
Enrichment in U-235 w/o 1.94 4.3
Fuel loading per assy - KG U-235 1.58 1.16
No. of Assy per Core 85 148
Core power - MW 45.5 x 106 58.2 x 106
Average Thermal Flux 1.4 x 1013 1.32 x 1013
Radial Peaking Factor 1.47 1,45%
Axial Peaking Factor 1.47 1.72%
Operating time - days 515% 640
Decay Time prior to Shipment - Days 120 120
Fuel Assy Ref. Dwg, 7537-71801 12D02000
*Based on 275 MWD/Element Burnup
#Verbal Communication - A/C
o
D
u
[
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SUMMARY

A, CASK SYSTEM DESCRIPTION

The Piqua-Elk River Spent Fuel shipping cask is designed to transport 19 fuel
assemblies from either reactor starting 120 days after reactor shutdown for re-
fueling. The maximum weight of the loaded cask is 30 tons. The maximum
waeight of the loaded cask with shipping structure is 32 tons. The overall cask
dimensions are 55" dia. x 108" high. The space envelope required for the cask
and shipping structure is 7 ft wide by 10 ft long by 10 ft high. Since the equip-
ment airlocks at both the Piqua and Elk River reactor plants require that the cask
enter and leave the containment shell in horizontal position, special handling
equipment is included for these operations.

The cask system is designed to meet all the requirements of 10 CFR 72 and ICC
regulations. Cask design approval under 10 CFR 72 will be obtained. Also,
Bureau of Explosives approval will be obtained and a permit number assigned to
the cask.

The cask system is composed of six major components, These include the cask
body, closure head, fuel basket, shipping structure, lifting yoke, and Elk River
fuel assembly adapters. Internal surfaces that can become contaminated and
cannot be painted have been specified as stainless steel. All external surfaces
of the cask which can be adequately painted and maintained are specified as
carbon steel. Carbon steel surfaces are painted with a special "MARASET"
epoxy paint which has a particular resistance to strong organic solvents., Com-
ponents on which there is considerable work during loading and unloading, such
as closure flanges, drain valves, vent valves, accessories, etc., are also
stainless steel since maintenance of painted surfaces in these areas is impract-
ical.

The cask body consists of cylindrical outer and inner shells with the annulus
between the shells filled with lead shielding. The lead shielding is bonded to
inner and outer shells to improve structural integrity and provide maximum heat
transfer efficiency. Cooling fins are welded to the outer shell to dissipate de-
cay heat to the surrounding air. The cask inner and outer bottom heads are
flanged-only heads with rounded corners to eliminate corners welds. The cask
body top plate is solid stainless steel and is welded to the lower closure flange
and outer shell . Two sets of trunnion sockets are provided on the cask outer
shell for handling the cask in both vertical and horizontal positions., The upper
set is designed to receive the special lifting yoke and carry the cask in the
vertical position or permit rotating the cask from vertical to horizontal position.
The lower set is designed to mate with trunnions on the cask dolly, which is
used at the reactor plants for moving cask through the equipment airlocks.

The closure head consists of flat cylindrical plates welded to a flanged and
dished carbon steel head. The closure flange is welded to this subassembly.
Internal supports are welded inside the head to enable the cask to withstand

-
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Cask System Description (Continued)

required impact on the closure head. The closure head is bolted to the cask body
by 24 high strength stainless steel studs. Locating pins permanently installed
in the cask bady guide the closure head on to the cask body and prevent stud
damage. A stainless steel accessory cavity is provided in the top of the closure
head to contain and protect cask instrumentation and fittings.

The fuel basket is an aluminum cylinder in which 19 cavities have been machined
to receive the fuel assemblies. These cavities are dimensioned to directly re-
ceive the Piqua fuel assemblies. However, to carry the Elk-River fuel assemb-
lies, a set of adapters is required. In both cases clearances are minimized to
improve heat transfer from the fuel. The basket material is specified as 6061 -0
aluminum with a nominal addition of one w/0 Cadmium for criticality control.
Aluminum is used because of its high thermal conductivity and coefficient of
thermal expansion . The outside diameter of the basket has been calculated so
that at operating temperature the differential thermal expansion between the
basket and cask body closes the gap between the basket and shell -- thus eff-
iciently carrying the heat from the basket to the cask body. In the cold condition,
this differential expansion allows sufficient clearance for basket removal and
replacement,

The adapters required to carry Elk-River fuel assemblies are also made of alum-
inum and are machined to fit the basket cavity as close as possiltle without
affecting ease of removal and replacement. These adapters are square internally
to fit the Elk River fuel assemblies as close as possible for both efficient heat
transfer and fuel assembly support.

The shipping structure consists of a base fakricated from structural steel shapes
and two "A" frames on the fore and aft axes of the cask. The "A" frames are
designed to transmit the lateral loads encountered during transport from the top
of the cask into the base and in turn to the vehicle bed. Support rings on the
cask bottom and base transmit lateral loads from cask bottom to vehicle bed.

In order to prevent concentration of the entire cask load in the center of the base,
the base structure is designed so that the "A" fraries can be placed under load
prior to shipment by shimming underneath the corners of the shipping structure.
This in effect pre-stresses the "A" frames and insures that the cask load is
spread over the full area of the base on the transporting vehicle.

.The cask lifting yoke is a "C" shaped structure consisting of two parallel flat

plates with two trunnions which engage the cask trunnion sockets. This permits
the cask to rotate while supported from the lifting yoke. The lifting yoke is
adequate for handling the cask alone or the cask and shipping structure combined.

This capability facilitates handling the cask and shipping structure at both
reactor sites.

The cask system is provided with accessories and instrumentation required to
safely load, transport and unload the cask. Special 3/4" nuclear type packless
drain and vent valves are provided for draining, venting and sampling operations.

ORIGINATOR APPROVED DATE PAGE 2 OF
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Cask System Description (Continued)

These valves are manufactured of stainless steel with Teflon discs, and are
rated 400 psi and at 400°F. The vent valve is located in the accessory cavity

in the head where it is protected by the accessory cavity cover plate, The

drain valve is located at the bottom of the outer shell and is protected by 1/2"
stainless steel enclosure. Both drain and vent valves are equipped with stain-
less steel snap-tite series "H" quick disconnect couplings. This particular
coupling has been selected because of its ability to maintain a seal during coup-
ling and uncoupling operations. Also included in the accessory cavity in the
closure head is a 0-100 psi pressure gage and a rupture disc assembly. The
pressure gage is a special shock resistant, weather-proof design with corrosion
resistant internals. The gage is capable of complete immersion in water with-
out affecting its operation. The rupture disc assembly consists of stainless
steel flanges and an aluminum disc rated at 75 psi. A vent hole is provided
through the accessory cavity cover plate so that if the rupture disc should blow,
sufficient opening is provided from the accessory cavity to exhaust the air or
vapor released from the rupture disc. Four thermocouple receptacles are provided}
in the cask body to permit measurement of cask innershell temperature. The
sensitive end of the thermocouple tube containing the iron-constantan thermo-
couple is brazed to the cask innershell. Aluminum thermocouple receptacles
are attached to welded bosses in the outer shell at the upper end of the cask
body .

Since the cask is designed for dry shipment at atmospheric pressure, no filter
is provided on the pressure relief device (rupture disc). The filter is not re-
quired because there is only one conceivable situation in which the rupture disc
could blow and that is in the case of a fire. Even in this case it is possible
that the rupture disc would not blow unless the fire was so concentrated that
the rupture disc assembly was directly exposed to the full effect of the flames. -
In such a case the effectiveness of a filter on the rupture disc would be doubtful

and therefore provision of a filter unit is of doubtful value. However, should
liquid coolants ever be used in the cask with the associated possibility of
pressurized operation, a filter unit will be installed on the cask.

An Iodine removal device has not been provided on the cask because the total

¥

iodine inventory in the cask is such that complete release of all free 1-131
would not exceed 10 curies (see misc. calculations). This is based on assuming

that 33% of the total 1-131 would be released from the fuel in the event of comp-
lete cladding failure of all elements, This is a sufficiently conservative assump-

tion to eliminate any further consideration of the need for iodine control.

REVISED

x4
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STRUCTURAL INTEGRITY

The cask is designed to provide maximum structural integrity and meet all re-
quirements of 10 CFR 72 and ICC regulations, Examination of the cask drawings
will show that every attempt has been made to eliminate sharp corners and large
projections where forces encountered in accident conditions could cause stress
concentration and failure. Also, location and geometry of main structural welds
is such that they are not located in high-stress areas. The closure head has
been specifically designed so that impact forces resulting from possible ship-
ping accidents will tend to be glancing blows rather than direct forces normal
to the surface. This minimizes the possibility of structural failure of important
cask components.

The closure head is bolted to the cask through 24 high-strength stainless steel
studs. These studs pass through heavy stainless steel closure flanges which
are welded to the cask body and head. The minimum external plate thickness
used in the closure head and cask body is 1". The minimum innerplate thickness
1$1/2". The inner and outer shells of both cask body and closure head are
bonded to the lead shielding to provide additional structural integrity. To allow
for the differential expansion between the steel shield envelope and the lead
shislding under normal operating conditions, a small expansion space in the
cask body and closure head is provided. The cask is designed for an internal
pressure of 100 psi even though the normal operating pressure will be nominally
atmospheric pressure.

The cask regarded as a simple beam i8 adequate to withstand 10 G's. It is also
adequate to withstand a 15 foot free fall on a flat surface normal to the side,
top or bottom without rupture of the shield envelope or failure of the cask
closure, The closure design is adequate to withstand forces in any direction
equal to 60 times the weight of the head and 15 times the weight of the loaded
cask. The |" minimum outer shell thickness provides the required resistance

to piercing. Based on comparison of this cask design with the cask which has
been tested by AEC and results reported in TID-7651 it is believed that this cask
has additional structural integrity beyond that required by 10 CFR 72,

The shipping structure and method of attachment to the cask and transport
vehicle are designed to withstand loads of 10 G. in any horizontal direction
and 2 G's in the vertical direction. The shipping structure base is designed
8o that the entire weight of the cask is not concentrated in the center of the
vehicle bed but is spread over the full area of the base. This is done by
placing shims under the four corners of the base prior to shipment, thus pre-
stressing the shipping structure "A" frames and removing some of the load in
the center of the shipping structure base. This operation will be specifically
covered in the detailed loading and unloading procedures.

The cask lifting yoke, trunnion sockets and closure head liftings lugs and cabl axd

are designed to safely withstand 6 times the actual load. This provides the
required safety during cask handling operationg. To minimize the possibility of

ORIGINATOR
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WILMINGTON DELAWARE Spent Fuel Shipping Cask

damage to cask instrumentation and accessories, these components are prot-
ected by steel cover plates. Specifically the components located in the access~
ory cavity in the closure head are covered by a 3/4" thick steel plate which is
bolted to the closure head and lockwired. The drain valve is protected by a
welded stainless steel closure of 1/2" thick plate. The cover for this enclos-
ure is also bolted and lockwired to the cask. To minimize the possibility of
unauthorized tampering with these important cask components during transport,

a lead seal along with lockwiring is placed on the bolts which hold the cover

plates in place.

REVISED
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@

&. Summary of Temperature Distribution Study.

Considerable time has been expended in the study of various
methods of analysis avalilable in the literature of the subject as well
as in thje development of the most convenient operational ocalculations
for the iterations found necessary.

In general, mathematical methods, except for the basic
formulations of heat phenomens, have been found to be inapplicable
due to restrictions in the specific conditions. Graphic methods,
originally securely bassed on theory applicable well within the interior
of the mass, have been found erroneous for conditions at and near
the surface, In fact, certein sonstructions published by authorities
in the fleld are not only inconsistent among themselves, but are highly
misleading quantitatively, particularly at the surface.

Conditions at the surface are dominant and sensitive.,

k.-
Accurscy is vital, both in estimating the ambient conditions to determine

the heat input at sny intervel and in starting the curve of internal
distribution. Fine subdivisione in regard to time and dx distsnces
are required for the steel shell analysis,

The array of veariable factors which must be accomodated 1is
beyond the abilites of previous graphical methods to present.
Mathematical methods would require formulae to be developed, which 1s
a job in itself, and then would require a computer to solve. The
iterative method has been found necessary, and has finally been reduced
to a reasonable process in spite of the following variables.

1. The embient temperature varles with time, as developed
and shown for reference on pages 20, and 30 ~33 of the previous report,

2. The mean temperature of the wall must be found by 1teration
to correspond with each mean value of the amblent temperature., Unless
correspondence is maintained continuously between these two temperatures
at each increment of time, the errors become hopeless, due to the effect
of the fourth power in radiation calculations.

3. Materials vary across the sectlon, including carbon steel,
Joad, stainless steel, and aluminum, with changes in several parameters,

« Thicknesses are unkelated, varying as 1%, 8, %, and 2.
« dx subdivisions are necesssrily talken at $, % and 1.

6. 46 intervals vary. o

7. A datum line at the 621" 1level distorts the temperature
distribution curves as the lead liquifies.

8. Characteristics of the materials change for the higher
temperatures. .

9. Addition of heat at and through the basket.

The model used in caluaulations has the identical heat absorp-
tion formula and coefficients used for the cask., Its section is, howemer
that of & uniform cylinder, without the benefit of the metal end masses.
The same q rates, modified only for sctual cask wall temperatures, are
used., The results are consersative, since with nearly the same input
heat rates, only about 3/4 the total mass 1s involved.

Basket and fuel temperatures are definitely safe. Curves E
and F are shown as two iterations starting from two assumed surface final
temperatures at the 60 min. time. Curve F exhausted its BTU input.
Curve E had 160,000 BTU remaining and undistributed.Curve G represents the
final iteration{gives the inner and outer shell temperatures at end of one hour,

1
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CRITICALITY ANALYSIS OF THE SHIPPING CASK FOR
PIQUA FUEL

I. SUMMARY

The criticality analysis presented here applies to the shipping cask
designed for the transport of spent fuel from the first core of the Piqua
organic-moderated reactor. This analysis does not consider the ship-
ment of other fuels in this cask, except for other Piqua fuel of the
same geometry and composition,

The proposed regulations for criticality safety in the shipment of spent
fuel (10 CFR Part 72, see Federal Register, September 23, 1961, and
March 5, 1963) would require that the fuel in the cask be less than

75 per cent of a critical mass or that it be shown that for the fully
loaded cask, including any fixed poisons, the keff of the system is

no greater than 0.9 under conditions of optimum moderation. The Piqua
shipping cask will carry 19 fuel assemblies which is 58 per cent of

the experimental critical mass in organic moderator at 325°F. However,
it was not demonstrated what mass would be critical under optimum
cold moderation conditions. It was, therefore, considered necessary
to show by calculation that for the optimum moderation possible in

the shipping cask the keff would not exceed 0.9.

The essential features of the shipping cask and the Piqua fuel assembly
are shown in Figure 1. The shipping cask is a cylinder of aluminum
surrounded by a lead shield. The aluminum basket is 30 inches in di-
ameter, and 65 inches long, It has an approximately hexagonal array
of nineteen holes, each 5.28 inches in diameter, and each designed to
hold one Piqua fuel assembly. The Piqua fuel assemblies each contain
81 kg of uranium in a uranium-3.5 per cent molybdenum alloy in the
form of two concentric cylinders clad and finned in aluminum. The
uranium is enriched to 1.94 + 0.03 w/0 U-235, and hence each fuel
assembly contains 1.5%7 kg U-235. As this fuel is used in the organic-
moderated (terphenyl) Piqua reactor, it has a predicted effective
multiplication (keff) of 1.10.

The analysis described herein made use of two nuclear design computer
codes, WANDA (1) and PIMG {2) and an IBM-7090 computer. This

analysis shows:

1., The cask without special poisons in the aluminum basket
meets the requirements of k ¢¢ less than 0.9 when loaded with
Piqua fuel, and immersed in water,
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2. The cask with 1 w/o (weight per cent) cadmium~-poisoned
aluminum has a ke under optimally moderated conditions of less
than 1.0 and a keff of less than 0.8 when loaded with Piqua fuel,

3. The method of analysis gives acceptable agreement with a
critical experiment on Piqua fuel.

The design criteria of 1 w/0 cadmium in the aluminum basket is con-
servative with regard to meeting Part 72 requirements because the
cask will have a keff of less than 0.8 (required by Part 72: less than
0.9). In addition, the poisoned cask has a ke of less than 1.0 which
implies that the cask is safe from interaction with any number of
similar casks, and with any other container which also has a k,, of
less than 1.0.

The analysis is considered conservative for two reasons. First, the
cadmium content used in the analysis was 0.5 w/o instead of the
recommended one per cent cadmium. Second, the more conservative
(i.e., the highest keff) of two parallel nuclear analysis techniques
is used as the governing criterion. The least conservative technique
used in the analysis gives the best agreement with the critical ex-
periment on the Piqua fuel.

The cadmium in the cask is in no danger of being consumed by neutrons.
Even in an inconceivable (for the cask) flux of 107 neutrons/cmZsec in
the cask, it would take over 1000 years for depletion of one per cent

of the high cross section cadmium isotope, Cd-113.

II. THE ANALYSIS

The method of analysis consists of using two nuclear analysis tech-
niques in parallel to obtain two independent calculations of the ke

of the unpoisoned and poisoned unit zells of the cask, and to check
each technique against an experiment, the critical experiment on the
Piqua fuel. This particular approach assures the detection of any
mechanical errors in the preparation of the data, and will give evidence
of any systematic errors in the particular method used or in the basic
nuclear data. The use of redundant calculations and experimental
checkpoints is particularly desirably in criticality evaluations. The
two methods used are briefly described below:



Method A:

1. Obtain microscopic thermal cross sections from the SOFOCATE
or KATE codes. A compendium of SOFOCATE (3) cross sections was
used here. (4)

2. Obtain microscopic fast group cross sections using the MUFT
Code. O A 3-group set of fast cross sections derived from 54-
group MUFT runs was used here. (6)

3. Obtain the flux shapes and ke of the unit cell using a 4-
group WANDA, (1)

Method B:
1. Obtain microscopic thermal cross sections as in Method A,

2. Obtain the fast group cross sections, the flux shapes and k_
of the unit cell using a 55-group PI1MG. (

In order to obtain the kgff of the cask or the organic critical experiment,
a leakage factor is computed using the flux-volume weighted cross
sections from the computer runs plus the geometrical bucklings which
include reflector savings. In a critical experiment the Keff is, of
course, 1.00. Hence a measure of the combined accuracy of the cal-
culational technique and the nuclear data, is how close the predicted
keff of the critical experiment approaches unity. The results below
summarize the criticality calculations using each method.

Method A:
koo Leakage keff

Unpoisoned Cask 1.02 0.773 0.788
Piqua Critical 1.196 0.834 0.998
Method B:

Unpoisoned Cask 1,066 0,773 0.822
Piqua Critical 1.243 0.834 1.038
Poisoned Cask, (0.5 0.934 0.773 0.722

w/o Cadmium)



Briefly, the Method A results are lower in k¢ and give the best pre-
diction of Piqua criticality. The Method B results are systematically
higher for a reason discussed later. Notwithstanding this, the Method
B results are used, since their use will result in the most conservative
(smallest) estimate of the criticality safety margin of the poisoned
cask. A more detailed discussion of the procedure and results follows.

Procedure:

1. Obtain the geometry data for the shipping cask and Piqua
critical unit cells. Compute the volume fractions within each
region, for each material,

2. Obtain the nuclide number densities for the materials in

each region of the unit cell. Change these to region-homogenized
number densities by multiplying by the appropriate volume
fraction.

3. Obtain ke for each unit cell using both Methods A and B,
as described in detail below,

4, Compute keff using k. plus computed leakage factors, as
described below.

5. Repeat items 3 and 4 to obtain the necessary cask poisoning
data, and to obtain the optimally moderated keff in the poisoned
cask.

Table I shows the unit cell geometry data for both the shipping cask and
the Piqua critical experiment. The unit cells are conveniently divided
into three concentric regions, the inner moderator region, the intermediate
fuel region, and the outer region which is aluminum in the shipping cask
and organic moderator in the Piqua cell. Table II shows the nuclide
concentrations of each material, and the region-homogenized values. The
thermal cross-section data which is identical for both Method A and
Method B, is shown in Table III. The fast group cross sections and the
flux shapes in the unit cells are obtained in two different ways. In
Method A, the fast group cross sections are obtained using the 54~group
MUFT Code, and the fluxes and ks, are subsequently obtained using the
4-group, one-dimensional WANDA Code. In Method B, the fast cross
sections, the thermal and fast fluxes and ks are all obtained simultan-
eously using the 54-group PIMG Code.



Region

I

II

III

TABLE I, UNIT CELL DIMENSIONS AND

REGION VOLUME FRACTIONS

Composition

HZO (or organict)

304 Stainless

HZO (or organic)

1100 Aluminum
U-3.5 Mo=-0.1 Al
1100 Aluminum

HZO (or organic)

1100 Aluminum
U-3.5 Mo-0,1 Al
1100 Aluminum

HZO (or organic)

347 Stainless

HZO (or organic})

Aluminum
or

Organic

Included above

Quter Radius,
cm

3.890

3.915
4,120

4,310

4.839
5.029

5.425

5.616
6.144
6.335
6.591

6.617
6.706

8.739

8.001

Organic (terphenyl) is used in the Piqua unit cell

Volume Fraction
of Region

1,0000

0.0178
0.3448

0.2671
0.3703

*

*

1.0000
or

1.0000



Region

II

III
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TABLE II, REGION-HOMOGENIZED NUMBER DENSITIES

Material

H, O

[\

omx

or Organic

Qi

HZO

H
(@]

or Organic
H
C

SS
Fe
Cr
Ni

Al

Fuel
U-235
U-238
Mo

Al

or Organic
H
C

Unhomogenized

N -

D x 10_24

o

o o

(e I o Y e I @)

(e N @w]

.06688
.03344

.0336
.044

.06688
.03344

.0336
.044

.06517
.01585
.00705
.0598

.0008674
.04355
.004039
.0598

.0336
.044

Volume
Fraction

L.

o

0000

.0000

. 3448

. 3448

.0178

.2671
.3703

.0000
.0000

Homogenized

N - Dx 1024

0.06688
0.03344

0.0336
0.044

0.02306
0.01153

0.01158
0.01517

0.001161
0.000282
0.000126
0.0l612

0.0003212
0.01613
0.001496
0.0598

0.0336
0.044
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TABLE III, THERMAL CROSS SECTION DATA

N MICROSCOPIC DATA - Cross Sections in Barns

CASK AT 20°C

Nuclide Absorption  Transport
H 0.294 32
O - 4.0
C - -
Mo 2.22 9.2
Fe 2.24 11.3
Ni 4.26 21.8
Al 0.227 1.6
Cr 2.75 7.0
Cd 2980 2990
U—235 603 613
U-238 2.42 11.9
U-235

Nu-fission 1237

CRITICAL AT 350°F

Absorption Transport
0.238 26
0.0033 4.4
1.62 8.6
1.81 13.1
3.44 20.9
0.183 1.6
2.22 6.4
4772 482
1.95 11.5

970

MACROSCOPIC DATA - Cross Sections in cm L

B.

Shipping Cask
Region I II I
Za 0.01967 0.2504 0,01357
Ztr 2.274 1.230 0.0957
vZf 0 0.3973 0
D (cm) 0.1466 0.2710 3.483

Pigua Critical

I & III

0.00884

1.1562

0

0.2883

II

0.13982

0.7623

0.3048

0.4373



Method A:

Fast group cross sections were obtained from a tabulation (6) of
effective 3-group constants computed by the 54-group MUFT Code.
This tabulation applies to water reactors, and is based on an L~
factor of 0.9, This L~factor is defined as the ratio of the heter-
ogeneous to the homogeneous resonance integral of U-238, and

is a necessary input to both the MUFT and the PIMG Codes.
Since it affects the resonance escape probability, it also in-
fluences the computed k_ of the system.

Table IV shows the removal, absorption, and nu-fission cross sections,
plus the diffusion constant for the three fast energy groups. These

are obtained from the MUFT tabulation and are required, along with the
thermal cross sections for the 4-group WANDA calculation.

The results of the two runs are:

k

o

Shipping Cask 1.020

Piqua Critical 1.198

A preliminary cask poisoning study was performed by simply adding
a thermal poison macroscopic cross section to the third (aluminum)
region of the shipping cask cell, with the following results:

koo
Shipping Cask, unpoisoned + 0cm ™! 1.020
Shipping Cask + 0.05cm | 0.938
Shipping Cask + 0.10cm™? 0.895
Shipping Cask + 0.200m” 0.855

Shipping Cask + 0.50cm " 0.828
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TABLE IV, FAST GROUP MACROSCOPIC
CROSS SECTIQONS

SHIPPING CASK UNIT CELL

Region Group D z z vl

r a f
I 1 2.118 .1091 .,00113 0
2 1,004 .1509 .000012 0
3 0.5871 .1404 ,00076 0
II 1 1.813 .08205 .00858 .01907
2 1,144 .05626 .00599 .00154
3 0.8804 .04861 .05387 .02231
III 1 2.753 0.01997 .00053
2 3.381 .00328 .00021
3. 4,547 .00060 .00156

PIQUA UNIT CELL

I and III 1 3.432 .06002 0 0
2 1.319 .07955 0 0
3 0.7712 .07368 .000383 0
II 1 2.044 .06514 .00819 .01907
2 1.242 .03165 .00599 .00154

3 1.005 .02560 .05400 .02231
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These macroscopic thermal cross sections can be represented by the
following weight per cents of various poison materials,

Thermal Weight Per Cent of:

Cross Section Dysprosium Cadmium Gadolinium
0.05 0.51 0.12 0.014
0.10 1.02 0.23 0.027
0.20 2.02 0.47 0.054
0.50 4,91 1.16 0.13

On the basis of the above, plus the fact that Cadmium is soluble in
aluminum up to about 1 w/o, an initial recommendation was made to
incorporate a cadmium poison into the alumiun cask.

Method B:

The PIMG Code computes the fast group cross section, the fast
and thermal fluxes and the k, of the system, and requires number
densities and thermal cross sections as input data. It also re-
quires an L-factor defined previously. Since the homogeneous
resonance integral of U-238 is always larger than the hetero-
geneous, the L-factor will be less than unity. In criticality
calculations, it is therefore conservative to assume an L-factor
of unity, as was done in this work.

In addition to the P1IMG runs on the Piqua critical and the shipping
cask, the PIMG Code was used to analyse the shipping cask with
0.5 w/0 cadmium poison in the aluminum, and also to evaluate

the effect of water density changes. These results are shown below:

Water Density kg
Piqua Critical - 1.243
Shipping Cask, no poison 1.0 1.066
Shipping Cask, +0.5 w/o Cd 1.0 0.932
Shipping Cask, +0.5 w/o Cd 0.9 0.945
Shipping Cask, +0.5w/o Cd 0.7 0.960

Shipping Cask, +0.5w/o Cd 0.4 0.932
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The above results give a consistently higher k¢f than do the MUFT-
WANDA calculations, the reason being the underestimate of resonance
absorptions in the PIMG calculations, due to the assumption of a unit
L-factor. It should also be noted that the optimum moderation of the
infinite system occurs at a water density of about 0.7, but that a gain
of less than 0.03 in ke occurs,

In the library of basic nuclear data used by the PIMG code during cal-
culations, there is no resonance cross section data for cadmium. Hence
Boron-10 data, which is in the code library, was used as a pseudo-
cadmium poison, The number density of B-10, NBIO' which gives

equivalent resonance absorption to a given amount of Cadmium, NCd '
is given by: ’
RI
(RD 4

N, === N
BlO (R), ,  Cd

where the RI's are the resonance integrals of the respective isotopes.

Numerically:
N _ (RI)Qd =92 = 0,049
B10 = 1880
N (RI)BIO
Cd )

In this work, in order to underestimate, if anything, the resonance
absorptions of the poison, a ratio of 0.04 was used. In the thermal
region, actual Cadmium cross sections were employed.

The Computation of Leakage and kegff

The effective multiplication factor, kgff, is obtained by multiplying
the computed ke by a leakage factor, 4, computed from Fermi Age
Theory.

keff={’.koc>
2. 2

L=e-B M
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where B2 is the geometrical buckling, and

1s the mlgratlon area

2 2.405
R +6 H+26

2 i .
M = summation over four groups

R is the radius of the system in cm
H is the height in cm
o is the reflector savings

Table V, following, is a tabulation of the data which make up the
leakage factors, and includes a summary of the final results.
Referring to part C of Table V, the k¢f of the critical experiment
is 1.00, by definition. The prediction using Method A is closer
to this value. However, Method B overpredicts the reactivity of
the system and hence errs in the conservative direction, which is
desirable for criticality analyses. The values obtained using
Method B are therefore chosen as the governing criteria.

One additional factor to be considered in the analysis is the uncer-
tainty due to uncertainty in the fuel enrichment. In the Piqua fuel,
an uncertainty of £0.1 w/o in enrichment creates an uncertainty of
+0.02 pAk. The stated uncertainty of £0.03 w/o in the Piqua fuel
enrichment results in an uncertainty of £0.006Ak; which is of little
concern in this analysis.
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TABLE V, COMPUTATION OF LEAKAGE FACTORS

A, GROUP-BY-GROUP MIGRATION AREAS

Group

Piqua Critical

Cask, Unpoisoned

Cask, Poisoned,
Opt. Mod.

B. LEAKAGE FACTORS

Piqua Critical

Cask, Unpoisoned

Cask, Poisoned,
Opt. Mod.

C. TFINAL SUMMARY

Method

39.4
32.8

52.0

46.0
38.1

38.

Piqua Critical A

B

Cask, Unpoisoned A

B

Cask, Poisoned B
Cask, Poisoned

Opt. Mod. B

20.5
29.6

55.1

137
137

137

11.1
15,1

24.4

7.5

10

e T R T

.198
.243
.020
.066
.934

.960

.00232
.00322

.00289

o O o o

.834
.834
773
773
773

.678

Total
MzcmmZ

78.2

80.4

134.4

-B'M

1=e

0.834
0.773

0.678

Koff

0.998
1.037
0.788
0.824
0.722

0.651
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ALLIS-CHALMERS MANUFACTURING COMPANY
508 Kennedy Street, N.W. Brightwood Station, P.0O.Box No.8697

Nuclear Power Department Cable Address
Atomic Energy Division Founders - Washingo!

March 20, 1963

Mr. James P. Lagoski

Reactor Engineering Division

U. S. Atomic Energy Commission
9800 South Cass Avenue
Argonne, Illinois

Dear Mr. Lagowski:

In your recent conversation with Mr. Fisher and me, you
asked for estimates of the number of Elk River elements needed to
achieve criticality. These estimates are contained in the enclosed
memorandum from Mr. Fisher.

Sincerely yours,

(Signed) J. H. Blachly

Joseph H. Blachly
Manager of Projects
dbs

Enclosure:
as indicated
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ALLIS-CHALMERS MANUFACTURING CO MPANY
INTER - OFFICE CORRESPONDENCE

To: J. H. Blachly From: J. R. Fisher
Attention: Date: March 18, 1963
Refer to:

Subject: ERR Fuel Elements

Cust.P.O.# C.O. Reg.# S.O.#

In answer to your request we have estimated the minimum
number of Elk River fuel elements to achieve criticality.
The numker of regular elements was obtained from the
measurements and the numker of spiked elements
extrapolated from the measurements.

Number of regular elements-~-===--~-- 30
Number of spiked elements--=~==~=~= 20
(Signed) J. R. Fisher
J. R. Fisher

Core Physics & Shielding

JRF:cha



March 26, 1963

MR JAMES P LAGOWSKI
REACTOR ENGINEERING DIVISION

CHICAGO OPERATIONS OFFICE

RE MY LETTER DATED MARCH 20 AND THE ENCLOSED MEMORANDUM FROM
JACK FISHER DATED MARCH 18, THE ESTIMATED MINIMUM NUMBER OF ELK

RIVER FUEL ELEMENTS TO ACHIEVE CRITICALITY WAS EASED ON THE CLEAN

COLD CONDITION.

J H BLACHLY
ALLIS CHALMERS MFG CO

WASHINGTON D C
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2.3 CRITICALITY

The cask meets the criticality requirements of Sec. 72.37 of the proposed
AEC regulation.

The criticality analysis was based upon four assumptions:
(1) that all elements contain fuel enriched to 5.2 per cent in uranium-23S5;

(2) that all elements are unirradiated (i.e., that, for the ERR elements,
reactivity is at its maximum);

(3) that the holes in which the elements are inserted are filled with water; and
(4) that the aluminum of the casting may be considered as a neutron poison.

Two-group, two-region diffusion theory yields an effective multiplication factor
of 0.88 for a single cask. This result meets the requirement of Sec., 72.37 of
the proposed regulation, which states that either an effective multiplication
factor of 0.9 or 75 per cent of the number of elements forming a critical mass

is to be the limit.




KNAPP MILLS INC PIQUA-ELK RIVER SPENT

WAILMINGTON  DELAWARE FUEL SHIPPING CASK

PIQUA-ELK RIVER REACTORS

| SPENT FUEL SHIPPING CASK

MATERIAL SPECIFICATION MS-3100-1

FUEL ASSEMBLY BASKET

Revision 1

REVISED

ORcwuTor _RWP____ apPRoveo CaTE Jan.3,1963 po oo




KNAPP MILLS INC PIQUA-ELK RIVER SPENT

WILMINGTON DELAWARE FUEL SHIPPING CASK

E%
o
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I.

II.

III.

JAYR

Scope

This specification covers the requirements for an aluminum alloy billet
from which the Piqua-Elk River Reactors spent fuel shipping cask fuel
basket will be machined.

Material Specification

a. The billet shall be forged of commercial 6061 aluminum ingot with a
nominal one weight percent addition of Cadmium included in the

basic alloy to obtain a uniform distribution of the Cadmium throughout

the forged billet. The forged billet shall be delivered in the "O" (annealed)

condition.

b. The forged billet shall be free from voids, cracks, porosity or slag
inclusions which would be visible to the naked eye after machining
the external surfaces and boring the fuel cavities in the billet.

c. The distribution of Cadmium in the billet shall be as uniform as
possible and in no case shall any one ounce sample taken from any

location in the billet contain less than 0.5 weight percent Cadmium.

Billet Dimensions

The forged billet as delivered shall be of such size to allow finish ma-
chining to 30 inches in diameter by 66 inches long allowing for sur-
face irregularities and sufficient stock removal to get down to sound
base metal, It is the billet suppliers responsibility to establish billet
dimensions. However, in no case shall the dimensions of the billet

if delivered rough machined be less than 30-3/8 inches in diameter by
66-3/8 inches long.

Acceptance Tests

a. Chemical and physical tests on the delivered billet normal to com-
mercial work are required to assure compliance with the basic

6061-0 material specification. The aluminum content of the material

may be one weight percent lower than the minimum specified for alloy

6061 to allow for the Cadmium addition. Notarized chemical and physical

test reports shall be delivered with the billet.

b. During machining Knapp Mills will collect approximately 100 samples
of chips from various locations in the billet. The chips collected

will be reduced to one ounce samples and analyzed by an independent

laboratory for Cadmium content. All samples must comply with

Section II-¢. of this specification,

ORaaYoR RWP~ aApPRoveD oaTe Jan.3,1963  pagce_l oF_2
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KNAPP MILLS INC

WHRAIGTON DELAWARE

PIQUA-ELK RIVER SPENT
FUEL SHIPPING CASK

1V. Acceptance Tests (Continued)

C.

REVISED |

1t is recommended, but not mandatory, that the billet suppller
analyze samples taken from the billet external surfaces for
Cadmium content and distribution prior to delivery of the billet.

ORGNATOR RwWP APPRONVGO

QATE

Jan.3,1963 pacs 2
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KNAPP MILLS INC.

WILMINGTON, DELAWARE

Piqua~Elk River Beactor
Spent Fuel Shipping Cask

REVISED

SECTION VIII
MISCELANEOUS CALCULATIONS

Iodine Inventory in Cask
Fuel Pin Internal Pressure~ERR
Lead Expansion-Normal Conditions

ORIGINATOR APPROVED

DATE

PAGE

OoF
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Calculation of lodine Inventory of Loaded Piqua~Elk River jpent Fuel
“ Shipping Cask

A. Half-Life of Iodines(l)
Reduction Pactor for
120 pa, . Decay Time
I-131 3.1 days 2. x 107°
1-132 2.4 hours 10730
I-133 20.5 hours 10-4"
1-13% "2, ninutes 10-9(0 @ 3
I-13% 6.7 houxs 10-130

B. <Calculation of Iodine Invenrory

1. Assumptions:
a. 120 days .oolfny time for fuel
L. 53 M ooeration for Elk Riv;r;(’) LS., My oncration for ?{qwa(3)
¢. 1.5 peak to awvera;e flux ratio for 31k River;(2) 1.7 -or Piqua(k)
d. 142 fuel eslements for Rlk River;(g) o° for quua(3)
e. 19 of hotteat fuel clements per cack
f., 1I-171 is only isotope of interest after 170 days.

8. 3V axiunam [odine release {rom fuel ele ent: (7)

2. Iodine Inventory fn Core (Fiu I o, 0
a. Approxi.uately 25,000 curies of I-131 per ¥u at equili}riu.(a) )
b, 2°,000 .uries/reza-att x T8 aseazawatts T l..7 x 10° warles
c. 1.4% x 106 curtes x 2.7 x 10=% = 3¢.7 »ariee after 120 davs
d. 26.3 curdes + 143 elenents 2 0.247 curles per elec.nt (averane)

e. 0.2% .urles x 1.7 ¥ 0,ux curles per cle ent (vaxiuu )

(W)

Indine Invcntory in Core (Piqua)
a. 23,000 x 45.5 ® 1.14 x 10° curies
v, 1.14 x 10% x 2.5 x 107" = 23.6 curtes
, c. 28.6 ¢ 8> % 0,33 curies/element (averase)
! d. 0.33¢ x 1.9 ® 0.64 curies/elenent (r:axima-)


http://curi.es/elenent

4. lodine Inventory in Cask
o a. 0.44 x 19 ® 3.4 curies (Elk River)
L. 0.64 x 19 2 12,1 curies (Piqua)

5. Maxtaum lodiae Relzasd?)
2. 8.4 cuxies x 0.33 ® 2.8 curies (naxinun release) (Elk River)
b, 12.1 curties x 0.33 & 4.0 curfes (nexiaura release) (Piqua)
¢. These amount: are less thap those allowed by Sectian 72.34-(o).

e

. External Radietion Levels

.
~

a. Garwa dose rate for I-131 is 0.22> rhs per curie (B)

b. Flk River: 8,4 curies (lodine inventory in cash) x 0,33
(rami-m veleaee) x 0.225 (vrads per houwr ner curie atr one
aeter) = 0.67 rad/hr

c. Piqua: 12,1 curies x Q.23 x 6,72 » 0.0 rad/hr

d¢. EBven if the avallahle fofine were relesseo, che rosaloant
levels wanld be heclow those allowed in Section 72.34e(n).

References:

(1) Nuclear Bnginecrins Randbook, Etherlngtom

(2) Rlk Biver Reactor Hazards Summarf Report, with addenca
(3) Pique Reactor Hazards Suwmmary Report, with addenda

(4) KAPL-1178, Graphic Aids to Estimate Muclear Rediation Hazards,
J. J. Pitzperald, et al, Page 19

{5) P 121734R, Radioloqical Health Handbook, Paue 97
(6) Safe Handling of Radiotsotopes, Safety Series No. 2, IARA, Page 25
{7) ORML~-CF~57~6-37, Parker and Creek
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ALLIS-CHALMERS MANUFACTURING COMPANY !
508 Kennedy Street, N.W. Brightwood Station P.O. Box No. 8697 '
Washington 11, D. C.
Tel. TUckerman 2-9650

September 8, 1961

Mr. R. W. Peterson
Knapp Mills, Incorporated
Foot of West Street
Wilmington, Delaware

Subject: Fuel Transfer Cask

Dear Mr. Peterson:

Enclosed are copies of materials regarding the fuel transfer cask
which you requested while visiting at the site.

The 12E11005, 007, 0ll, and 042 drawings are Sargent & Lundy's
which we have requested, and they will be forwarded to you.

You will note that a copy of the fission gas release rate as
determined by General Electric from the fuel irradiation program is not
included. The reason is that the results of the first half of the capsule
irradiated program yielded data ¢hat was not conclusive because vacuum
measuring equipment was inadequate to obtain accurate results. However,
calculations were performed by Allis-Chalmers using 10% fission gas re-
lease which is conservative based on many irradiation studies of fuel
pellets which provide a gas release between 3% and 8%. The results of
this analysis are listed below:

1. Maximum 1b-_rgoles of he loaded in fuel tube =
0.7805 x10 .,

2. Partial pressure of He at reactor operating temperature at end
of 10,000 Mwd/MT.= 67 psia.

3. Gram-moles of fission gas released to fission gas6 space
in fuel rod at end of 10,000 Mwd/MT =1196 x 10" °.



. Mr. R. W, Peterson -2 -
4, Partial pressure in average tube at end of 10, 000 Mwd/MT = 225 psia.

5. Sum of partial pressures, He plus fission
gases = 292 psi.

1f any additional information is needed, please let us know,
Sincerely yours,

ALLIS-CHALMERS MANUFACTURING COMPANY

Joseph H. Blachly
Project Manager, Elk River Reactor

JEB/RCS/raw
Enclosures
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KNAPP MILLS INC.

WILMINGTON, DELAWARE W-3100

2. Sare Working Pressure CAccuLtaTiod — Con.

CfAsr_ BOD\/ CAL.C-LJL—A"(‘\ONS.

"

& ¢’ L

[ ‘{:\ ! ”% By wuseecriod IT CAN
L ~ — x’__ﬁ__]r BE SEEN THAT ThE
N x;r,} X WEAKETLT MEMBERS OF
L %{{; Borgd  THE CASK STRUCTURE
SRR NS5 ARE THE FLAT PLATES
N fif‘xi oo MakEL AR
P} Bl W ; ".5;’::*. SasE work i 'P\—ZES&W?&#
ﬂ;l\ KAK(,.’;)(“/'-‘ 43'4 FOR THE <ase BoLY
s N — 1 WHLL EE TATE M INE
‘(’/\/\ K“B 78 FRom TRE CALTULATION
',\‘\\\\ T L, OF TRESE THWEE PLATES
BANIANE
. . L|.L:‘
A 4

Ft A Cawccucation - Wsing ASME Coore Fommuca
Pa D 1. 1.2

2.
cd S: oo

C=: O.1%

d= 47

P. (. 562X 3o oco) . 4eqoo
(o-25)(22A) Eo—

- B% o=

T'E“&p C acuuaTions - US\NQ ASME Covt Fowmuca

P. 3 1.

2z
< S o oexw

- Q)(?mcmo\ . Booca o258
> (0'75K84|) =z " 14-'2.8‘9& d"@:f

.v

ORIGINATOR%\ APPROVED DATE PacE__ <l oF a,




87N

KNAPP MILLS INC.

WILMINGTON, DELAWARE W=-Z 1O

Z'SAJ:E \/\lO‘QL:-H\\C.\ Foeosiuww s CAL.C_‘-{;.A‘(WON\'; - < NnT.
TP Cacucation —

Twt WILL PE TAVEN AS
B pPsr WHieH UFE To
TS FRONT s, T
LIMITING PRETDLULRE,

CL\gc_u\_l\ THION Wike T E
MADE To DETEwr rmiNE TWC
STIRTCS TEVELEWELY rYy
THE & Py Lot

/4,
- LAY
Max. S - / i.)_“ Srees GOE TEICENC Y
Q A3 24‘ = ‘-r,j)
< - Lo 2k q) = (’24., ] [t /5.5
T [ R —(‘:\E,t.ﬁ X
(Voizes \
" /ﬁ = O 757
= 10450 £

qu, LW ST <@L VALUE 'OV ATED Tavienl A hNUC +
PYGWEK LOAL ta) Tty 2T THefra py TRE

MEMCIK .

TL—VE- SAERE WORW 0| PcEZORE WS e ro A
LIWVAVTE L By TwhEk SUTE- T T 04

vt 4

REVISED

ORIGINATOR APPROVED DATE PAGE_> oF__ 2



http://C_.AL.cz

LXA)

KNAPP MILLS INGC.

WILMINGTON, DELAWARE W- 2o

REVISED

3.

luc.:;EA:‘,E I LEA‘u \/cn..ume - :'\..o‘, b F HEA‘D

A . -
o SR SNt R S e o O\»’— E-(\;ﬁ:.h" PR b v s b i n € ) o (s
L. E < hoT /(’ »\(/QQ
T:':_;, pEx.«A,“’UQE-; —
AELAC L = [TDa
Anvie et - To -
o -
/\ : &‘C..’ |-
~3 R _l _ _
Lews veounna = oot oy s W x b acss Zan
lUC&.CA.‘:.c’.’_ Iy gy e T
‘ - r
\/-L“ v iA. —
N N ~
ey < P - . -
“(heno) s L zeem a0 ) s 20,28 cu

‘N(."-QSA'.‘N& kh L’Ef‘ﬂ—/ VOL_UV Y S Lo /

TE&MM/:‘-(M" (. B~
Ovoe < AT 1o G4 - Zow %=
i\\
AANATZE N - ‘lo [ .

AT = 1= =

Lerae vrcur e - Za. e Tw y = G DV D cu o,

INC_VEA':E I Leacs V;_,L_uh»u; —-—
Vo, = v, (e e
V.l 'L’q 40|O>\ u>(?¢‘ e > 2L cuann

ORIGINATOR

APPROVED DATE race_ & o2




[T KNAPP MILLS INC.

WILMINGTON, DELAWARE W-BIOO

4" EEQ(A‘QED \/ou.ume O:- EK?ANS\QM \/os'D

Crosure HeaD —

LA AA Y s 4.7
T. TI ?—7_ L Gs
\ . P SRR K
(141)(35.354) @e)(Va) Fr; 56 x @R
S3Ac” Glo V, = 2525 +V,
25,26+ V, = (s2eXee)( V)
(l&ﬂ)(é:lo)

26,26 +\Vo = Az Yo

.249(2525+Va) = V,
.22 +.249Y, =~ V,

ez =2 Va=.244V,
G.»z = .15 Va
V, + 8.4 w2
Qsameeo Voo = V|, = 25.35 + 8.4~ 23.175 w?

Caae- Booy —

RV Rl Vx4
——_(-_-—- z _ 4 ¢ P‘Z‘ a%

‘ T , T - * 535 R
(a)@s2Va) (82)(V2) T, r 2o G R

=30 T oeo V, = 2824V,

. (53aXes) V)
252+ Vp (14Y @)

252+ V1 v~ 4G4V,
.1\5(3“52+V1> = V'a
TS840V, Vg
1.V, -2 Y,
\/-‘ - qcﬂ»co

Peougeo Vaip = V, = 2582 496.C = 448.& w?

ORIGINATOR

APPROVED DATE pace_"1 _ _or__2




B7U

KNAPP MILLS INC. ‘

WILMINGTON, DELAWARE W- 2 o0

5- Osmﬁus\cr\\ AMD L(;QAT‘QU OF VO\‘D

CL-O'.;u G ;—-‘E fon e

j -
12 TG LEAU Lo AT

kL\)Hl‘:_L PR TS AMJ&*‘/S\S

No AFFECT ON SHIEWINRG
ADEDUAY

\/OL_urAE_ OE \/O‘Lf

2.967 A: Ine4
i aal '7, > 854 e LB A .
l? 1 G432 = Say 403
Aj‘ —_14
2d " e 1, Ak
( .
— B |
i 4o Aolz
e 1.254 Yao.
|
2.5G2 Y %
A% AT - ~—) = 3 e
“2
\/Cn.u VAR = \/TT (7336?5\_.5[62‘) « .G N?f ‘3?(;: . 1%4»31- ’Z“L‘_“
QE‘QMH&CD Vouwuras = 25 W0 - ¢ ?
- i 2"
4_2 [ 42 14‘3’1 2"'.
|
N
477« T 4. oo
: 39% C 15Eo. e
% 183 . 138 = Say 133,
z
ORIGINATOR APPROVED DATE PAGE__ > orF__1




hf "é( “
. <
v N i (
. s
i *r..“|...' iﬁxll ——
>

WILMINGTON, DELAWARE W-2100

a 5-Dimenson Auo Locarion Ok Vo.rji \
Crsx Booy

Mm, SketDing

—— - Ao .S
s—— - A2 £33
i
A- \\\'
N N
\/OLurnE; OF’- VOlD’ b‘ lI.\ ‘\\~\ _

T .
@ N (ﬁ';X‘*’bc&B)ﬂ = oo W2 *‘ | A4
: [(-tdle X‘\/;‘l'51+3.132>}<44>ﬂ' = 418

\/-_-_ A-R * oo -4i8 = G872 n?

Keooirer YoLunE = 448.6 W*
F Mo AFFECT oM SHIECDING AUTIUAASY
:
«
| ominaTOR APPROVED DATE pace_ S or_ 4



file:///aI-3ioo

287»

-

KNAPP MILLS INGC.

WILMINGTON, DELAWARE

PIQUA-ELK RIVER REACTORS
SPENT FUEL SHIPPING CASK
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- KNAPP MILLS INC.

WILMINGTON, DELAWARE

PIQUA-ELK RIVER REACTORS
SPENT FUEL SHIPPING CASK A
USAEC Contract AT(11-1)-1028 KMlobW-fﬂ(Dl,

Drawing No. Rev.No,

A-122
A-124
A-134
A-135
A-312
B-1018
C-1566
C-1570
C-1578
C-1716
C-1727

O = WoONO- OO

F-2055, Sht.1l
Shto2
F-2056, Sht.1l
Sht.
Sht.
F-2058, Sht.
Sht.
Sht.

W N~ W N

F-2068
F-2087
F-2096
F-2100
F-2102
F-2279

- O WUNWWWwrHFUMWwWwooh—ul O

F-2280

Materia]l Specs

MS-3100-1 1
MS-3100-2 0

REVISED

DRAWING LIST

Title

Weld Prep

Weld Prep

Sketch Plate

Adapter Casting

Baffle Plate

Bellows Seal Globe Valve

Fuel Assembly Adapter

Space Envelope & Handling Socket Locations

Thermocouple Assembly

/ dapter Handling Tool

ERR 28 Assy. Basket Support
Plate

Casx Body Fabrication Details

Cask Body Machining Details

Closurc Head Fabrication Detalils

Closure Head Machining Details

Closure Head Assembly

Shipping Structure Base

Shipping Structure Strut Assembly

Shipping Structure Assembly

PNPF Fuel Basket Machining

Miscellaneous Details

General Assembly

PNPF/ERR Fuel Basket Assembly

Lifting Ria Details

ERR 28 Assy Basket Final Machining

ERR 28 Assy Basket Assembly

Fuel Assembly Basket - PNPF/ERR
Fuel Assembly Basket-ERR
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. KNAPP MILLS INC. PIQUA ELK RIVER REACTORS
WILMINGTON, DELAWARE SPENT FUEL SHIPPING CASK
RECOMMENDED SPARE PARTS LIST
No.Spares
No.Per Stock Order When
—mEMATKS
Drain & Venﬁ
Valve Disc (Teflon B-1018 Disc 2 2 - Valves
Drain & Vent
Valve Stem Packing B-1018 Packing 2 - 2 Valves
Accessory
Rubber "O" Ring F-2056 9 2 2 - Cavity
Cask
Rubber "O" Ring F-2096 5 1 1 - Closure
Cask
Rubber "O" Ring F-2096 6 1 1 - _Closure
Specify BSB
Aluminum Rupture Disc___ F-2056 16 1 4 - Lot#150296
Drain &
Quick Disconnect F-2056 15 2 2 - Vent
(Female) F-2055 19 Valves
Thermo-
Receptacle Cover & Gas- C-1515 Cover & 4 1 - couple
ket Gasket Receptacles
Cask
Studs & Nuts F-2036 7.8 248ets 6 Sets - Closure
Alternate to
Hex Head Bolts F-2096 7 24 6 - Studs & Nuts
Shipping
Hex Head Bolts F-2058 S 8 4 - Structure
Shipping
Hex Head BQlts & Nuts F-2058 3.4 4Sets 2 - Structure
Shipping
Taper Bushing F-2058 8 4 1 - Structure
Lifting
Wire Rope Assy's F-2102 10 2 - 1 Yoke
Accessory
[Pressure Gage F-2056 17 1 - 1 Cavity
Min .
Lead Seals F-2096 15 3 Order -
As
Lockwire F-2096 9 Req’d 100° -
-2
o
@
[ 4
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KNAPP MILLS INC.

WILMINGTON, DELAWARE

PIQUA-ELK RIVER REACTORS
SPENT FUEL SHIPPING CASK

REVISED F/;q“

Loading and Unloading

I.

Introduction

The Piqua-Elk River Reactor spent fuel shipping cask is designed for rail
shipment between reactor and reprocessing sites. Using special equip-
ment and with special highway permits, it is possible to ship the cask

by truck also. The shipping weight of the cask loaded on the rail car is
32 tons. The loaded cask less shipping structures weighs 30 tons. Since
there is no rail spur available at either plant, the cask is brought to the
closest rail siding, transferred and transported to the reactor site on a
low~boy truck.

The containment shell and equipment airlock design at both reactors re-
quires that the cask be placed in horizontal position for entry through
the airlock into the containment shell. Therefore the cask is designed to
be handled in both horizontal and vertical positions. At the Piqua re-
actor, a special cask dolly and loading platform is provided to carry the
cask through the airlock into the containment shell. At the Elk River
reactor plant, a cask dolly is also used. However since the unloading
level is considerably below the airlock level, an overhead monorall is
provided to raise the cask and dolly to airlock level. The cask is then
rolled through the airlock on rails in the same manner as at the Piqua
Reactor Plant,

To facilitate the above described operations, a special lifting yoke is
provided that is used to handle the cagsk in the vertical position and
also for laying down in horizontal position. The cask is fitted with
trunnion sockets at the lower end which engage pivoting trunnions on
cask dolly. This trunnion-socket arrangement is provided for rotating
the cask from vertical to horizontal position on the cask dolly. Since
there are no crane facilities external to the containment ghell at either
plant, a 35-ton mobile crane is required. Inside the containment shell
at both reactors, a 30-ton polar bridge crane is provided which is ade-
quate for all cask handling operations.

The following general procedures are intended to cover the major operations
and establish the proper sequence of these operations. Detailed step-by-
step procedures for each reactor plant, factoring in local preferences as

to specific equipment available and methods of accomplishing this type

of work, must be prepared from these general procedures by reactor site
personnel. These general procedures assume that the cask has been
inspected for proper operating condition and shipped to the reactor site by
rail ready to receive the fuel assemblies for the particular reactor. When

ORIGINATOR APPROVED DATE rPAGE__l or_3%




PIQUA-ELK RIVER REACTORS
SPENT FUEL SHIPPING CASK

KNAPP MILLS INC.

WILMINGTON, DELAWARE

I1.

Elk-River reactor fuel is to be shipped, it will be necessary to install the
Elk River adapters in the dual purpose basket or install the 28 element
ERR basket during inspection of the cask at the storage facility prior to
shipment.

Loading Procedures

1. Remove tie-down bolts which attach shgpptng structure to rail car.

2. Using cask lifting yoke and mobile crane, lift cask and shipping
structure as a unit from rail car and place on low-boy trailer.

3. Transport to area adjacent to containment shell airlock-

4. With no shims under shipping structure base comers and cask load
resting in center of cask, remove pins at lower end of struts and
remove bolts at upper end, tie back struts to allow cask to pass
between struts.

PIQUA ELK RIVER

S. Lift cask from shipping structure and Lift cask from shipping structure
" place in vertical position on loading and place in vertical position be-
platform outside airlock. low monorail -in receiving area,

6. Washdown cask exterior. Washdown cask exterior,

Using lifting yoke,lift cask,engage
cask lower trunnion sockets with
dolly trunnions and lower cask to
horizontal position.

Using lifting yoke,lift cask,engage
cask lower trunnion sockets with
dolly trunnions and lower cask to
horizontal position.

8. Open airlock doors and roll dolly Roll dolly under monorail, hoist
into containment shell. dolly and cask as a unit to
building floor level,
Lower dolly onto dolly tracks,
open airlock doors and roll
dolly into containment shell.
9. Using lifting yoke, lift cask from horizontal to vertical position and
remove from dolly. Place in working area in vertical position.
10, Perform final cleaning on cask exterior. .
11. Remove closure head nuts and accessory cavity cover.
W‘
DATK. PAGK or J
—— AR
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KNAPP MILLS INGC. PIQUA-ELK RIVER REACTORS

WILMINGTON, DELAWARE SPENT FUEL SHIPPING CASK

REVISED K/X/5

11. Loading Procedures (Continued)

12. Attach closure head lifting lugs.

13. Engage lifting yoke with cask and attach closure head lifting cables
to lifting lugs.

14. Lift cask and lower into loading pool.

15. Disengage lifting yoke from cask, remove closure head and place
closure head and lifting yoke on pool floor or in other suitable area.

16. Load fuel assemblies,

17. Replace closure head and engage lifting yoke in upper cask trunnion
sockets.

18. Raise cask to water level and replace four closure nuts.

19. Remove cask from pool, drain water from cask cavity, and decontaminate
external surfaces. Smear test surface to measure activity.

20. Connect portable potentiometer to cask thermocouple receptacle
terminals and commence recording inner shell temperature at regular
intervals. Plot time-temperature curve to indicate approach to
equilibrium. Cask must be vented through vent valve during
approach to equilibrium.

21. During approach to equilibrium, sample air from cask at regular inter-
vals for fission product activity. Select air flow to suit air monitor-
ing equipment available. Plot activity-time curve to detect any
increase in activity.

22. When temperature-time curve indicates temperature is "leveling off",
replace and uniformly tighten remaining closure nuts in alternating
sequence across diameter and rotating 90°.

23. Close vent valve and pressurize cask with 1ir or inert gas to 5 psig.
Using soap solution check closure seal,valves and rupture disc for
leakage.

24. Survey cask external radiation levels on co :t1ct and at 3 meters. Reco.rd
data.

———
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KNAPP MILLS INC.

WILMINGTON, DELAWARE

PIQUA-ELK RIVER REACTORS
SPENT FUEL SHIPPING CASK

REVISED k& /g £y

I1.

III.

+

Loading Procedures (C ed .

25. Qompile data from above tests and check compliance with 10 CFR 72,45
and 72.46. Use cask performance data from test results to predict
fuel temperatures.

26, Close and lock vent and drain valves. Replace drain valve cover and
accessory cavity cover,

27 . Lower cask into horizontal position, place on dolly and remove from
containment shell using previously described procedures,

28. With cask suspended from crane approximately 1/4" above shipping
structure base, drop strut and upper ends against cask flange and
install bolts in upper end of struts, Raise, lower, and rotate
cask to align strut holes with cask. Make certain match marks agree,

29. With cask resting on center of base and no shims under corners of
base, tighten bolts at upper end of struts and replace pins at lower
end. Lockwire bolts and pins.

30. Transport to rail siding on low-boy and place cask and shipping

structure on rail car. Place shims under four corners of base to place
struts in compression.

31. Tie down shipping structure to rail car by bolting and/or welding.

Ship lifting yoke and closure head lifting lugs in suitable box on
rail car with cask.

Unloading Procedures

1. Inspect cask and shipping structure for any evidence of damage or
malfunction upon receipt at reprocessing site. Wash road dirt from
cask.

2. Remove pins from lower end of struts and bolts from upper ends.

3. Tie back struts to clear cask and, using lifting yoke, remove cask
from rail car. Place cask in wash-down area.

4, Remove accessory cavity and drain valve cover plates.
S. Check cask temperature and pressure in preparation for cooldown.

6. Sample air activity in cask for fission products to detect possible
fuel failure. Select air flow to suit monitoring equipment,

4 4
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KNAPP MILLS INGC. PIQUA-ELK RIVER REACTORS
WILMINGTON, DELAWARE SPENT FUEL SHIPPING CASK
III. Unloading Procedures (Continued)

7. Loosen closure nuts but leave hand tight.

8. Using cooldown procedure in CO0O-1028-2 as a guide, cooldown cask
as required for immersion in unloading pool. Wash down cask external
surface during cooldown.

9. Remove all but four closure nuts.

10. Install closure head lifting lugs, connect lifting yoke cables to
lifting lugs, pick up cask and lower into unloading pool to water level

11, Remove remaining four closure nuts and lower cask to pool floor.

12. Disengage yoke and remove closure head. Place head and yoke on
pool floor.

13. Unload fuel assemblies.

14. Replace closure head.

15. Remove cask from pool, drain water from internal cavity and place in
wash down area.

16. Decontaminate cask.

17. Replace closure‘nuts and accessory cavity and drain valve cover plates.
Remove closure head lifting lugs.

18. With cask suspended from crane approximately 1/4" above shipping
structure base, drop struts against cask flange and install bolts
at upper end of struts. Raise, lower and rotate cask to align bolt
holes. Make certain match marks agree,

19. Replace and tighten pins at lower end of struts.lockwire bolts at
upper and lower end of struts.

20. Check rail car tie-down bolts to insure they are tight and return

cask to shipper with lifting yoke and closure head lifting lugs.
<I
8
a
w
»
>
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KNAPP MILLS INGC.

WILMINGTON, DELAWARE

Piqua-Elk River Reactor
Spent Fuel Shipping Cask

2/

REVISED

SECTION VII

Criticality Analysis

Analysis for Piqua Fuel
Reports on Elk River Fuel Reactivity
Report on A/C Analysis of Spiked Elements
Basket Material Specification MS-3100-1
Basket Material Specification MS-3100-2
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WILMINGTON, DELAWARE

P.qua-Elk River Reactor
Spent Fuel Shippina Cuask

X
REVISED [5/29/6/

sECTION VIII
MISCELANEOUS CALCULATIONS

Tod.ne Invent oy :n Cask

'u~l Pin Iat 'rual Pr ossur-LRR

Lead Expansion-Nornal ChHniidotions
Lead Expansion - Fire Conditions
Buoyant Force on Inner Shell during Fire
Basket - Inner Shell Differential Expansion during Fire
Radiation Streaming after Fire

ERR 28 Assy.Basket - Thermal Analysis
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KNAPP MILLS INC PIQUA-ELK RIVER SPENT

WILMINGTON DELAWARE FUEL SHIPPING CASK

PIQUA-ELK RIVER REACTORS

SPENT FUEL SHIPPING CASK

MATERIAL SPECIFICATION MS-3100-2

FUEL ASSEMBLY BASKLET

Revision 0

REVISED
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KNAPP MILLS INC PIQUA-ELK RIVER SPENT

WILMINGTON DELAWARE FUEL SHIPPING CASK

&3

REVISED

I1.

III.

IvV.

Scope

This specification covers the requirements for an aluminum alloy billet
from which the Elk River Reactor spent fuel shipping cask fuel
basket will be machined. .

Material Specification

a., The billet shall be forged of commercial 606l aluminum’ ingot with a
nominal one welght percent addition of Cadmium included in the

basic alloy to obtain a uniform distribution of the Cadmium throughout

the forged billet. 'The forged billet shall be delivered in the "O" (annealed)

condition.

b. The forged billet shall be free from voids, cracks, porosity or slag
inclusions which would be visible to the naked eye after machining
the external surfaces and boring the fucl cavities in the billet,

c. The distribution of Cadmium in the billet shall be as uniform as
possible and in no case shall any one ounce sample taken from any

location in the billet contain less than 0.9 Weight percent Cadmium,

Billet Dimensions

The forged billet as delivered shall be of such size to allow finish ma-
chining to 30 inches in diameter by € ginches long allowing for sur-
face {rregularities and sufficient stock removal to get down to sound
base metal. It is the billet suppliers responsibility to establish billet
dimensions., However, in no case shall the dimensions of the billet

if delivered rough machined be less than 30- 1/2 inches in diameter by
67-3/4 inches long.

Acceptance Tests

a. Chemical and physical tests on the delivered billet normal to com-
mercial work are required to assure compliance with the basic

6061-0 material specification. The aluminum content of the material

may pe one weight percent lower than the minimum specified for alloy

6061 to allow for the Cadmium addition. Notarized chemical and physical

test reports shall be delivered with the billet.

b. During machining Knapp Mills will collect approximately 140 samples
of chips from various locations in the billet., The chips collected

will be reduced to one ounce samples and analyzed by an independent

laboratory for Cadmium content, All samples must comply with

Section II-¢ of this specification.

ORGuATOR RWP. —~— ApPRoveD OATE V-5 N OF___A______J
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KNAPP MILLS INC PIQUA-ELK RIVER SPENT

WILMINGTON  DELAWARE FUEL SHIPPING CASK

IV. Acceptance Tests {Continued)

c. It is recommended, but not mandatory, that the billet supplier
analyze samples taken from the billet external surfaces for
Cadmium content and distribution prior to delivery of the billet.

g
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PIQUA-ELK RIVER REACTORS
SPENT FUEL SHIPPING CASK’

Loadin_g_ and Unloading Procedures $Continued?

I. Introduction (Continued)

II1. Loading Procedures

1.

2.

REVISED

10.

11.

Elk~River reactor fuel is to be shipped, it will be necessary to install the
Elk River adapters in the basket during inspection of the cask at the
storage facility prior to shipment,

Remove tie-down bolts which attach shipping structure to rail car.

Using cask lifting yoke and mobile crane, lift cask and shipping structure
as a unit from rail car and place on low-boy trailer.

Transport to area adjacent to containment shell airlock.

Remove "A" frames from cask and shipping structure.

PIQUA

Lift cask from shipping structure and
place in vertical position on loading
platform outside airlock.

Washdown cask exterior.

Using lifting yoke, lift cask, engage
cask lower trunnion sockets with
dolly trunnions and lower cask to
horizontal position.

Open airlock doors and roll dolly
into containment shell.

ELX RIVER

Lift cask from shipping structure
and place in vertical position be-
low monorail in receiving area.

Washdown cask exterior,

Using lifting yoke, lift cask, engage
cask lower trunnion sockets with
dolly trunnions and lower cask to
horizontal position.

Roll dolly under monorail, hoist
dolly and cask as a unit to
building floor level.

Lower dolly onto dolly tracks,
open airlock doors and roll
dolly into containment shell.

Using lifting yoke, lift cask from horizontal to vertical position and

remove from dolly.

Place in working area in vertical position.
Perform final cleaning on cask exterior.

Remove closure head nuts and accessory cavity cover,

ORIGINATOR
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11. Loading Procedures (Continued)

12. Attach closure head lifting lugs.

13. Engage lifting yoke with cask and attach closure head lifting cables
to lifting lugs.

14, Lift cask and lower into loading pool.

15. Disengage lifting yoke from cask, remove closure head and place
closure head and lifting yoke on pool floor or in other suitable area.

16. Load fuel assemblies.

%
17. Replace closure head and engage lifting yoke in upper cask trunnion
sockets.

18. Raise cask to water level and replace four closure nuts.

19. Remove cask from pool, drain water from cask cavity, and decontaminate
external surfaces. Smear test surface to measure activity.

20. Connect portable potentiometer to cask thermocouple receptacle
terminals and commence recording inner shell temperature at regular
intervals. Plot time-temperature curve to indicate approach to
equilibrium., Cask must be vented through vent valve during
approach to equilibrium.

21. During approach to equilibrium, sample air from ca sk at regular inter-
vals for fission product activity. Select air flow to suit air monitor-
ing equipment available. Plot activity-time curve to detect any

increase in activity.

22. Replace and tighten remaining closure nuts in accordance with se-~
quence in Figure 1 (to be developed).

23. Close vent valve and pressurize cask with air or inert gas to 5 psig.
Using soap solution check closure sealyvalves and rupture disc for

leakage.

24, Survey cask external radiation levels on contact and at 3 meters. Record
data.

REVISED

ORIGINATOR APPROVED DATE ] PAGE OF
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PIQUA-ELK RIVER REACTORS
SPENT FUEL SHIPPING CASK

1I. Loading Procedures (Continued)
25, Compile data from above tests and check compliance with 10 CFR 72.45 ”i
and 72.46, Use cask performance data from test results to predict
fuel temperatures, 1
26. Lower cask into horizontal position, place on dolly and remove from
containment shell using previously described procedures.
27 . Place cask in its shipping structure and install "A-Frame" braces.
28. Transport to rail siding on low~boy and place cask and shipping structure
on rail car.
29, Tie down shipping structure to rail car.
30. Close and lock vent and drain valves, Replace drain valve cover and
accessory cavity cover.
III. Unloading Procedures
1. Inspect cask and shipping structure for any evidence of damage or
malfunction upon receipt at reprocessing site, Wash road dirt from 1 1
cask. )
2. Remove shipping structure “A" frame braces and, using lifting yoke, %
remove cask from rail car. Place cask in wash-down area. |’
3. Remove accessory cavity and drain valve cover plates.
4, Check cask temperature and pressure in preparation for cooldown,
S. Sample air activity in cask for fission products to detect possible
fuel failure. Select air flow to suit monitoring equipment,.
6. With cask vented through vent valve, connect steam supply (15 psi max.)
to drain valve and commence steam cooldown.
Note: Detailed cooldown procedures will be developed from
test data to be obtained during thermal test program.
7. During cooldown, wash down cask exterior.
8. When cask inner shell temperature as indicated by cask thermocouples ?
and steam temperature at vent valve are below 200°F and 250°F !
a respectively, disconnect steam supply and connect water supply to
5 drain valve.
: J
[ \
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II1.Unloading Procedures (Continued)

9.

10.

11.

12.

13.

14.

15‘

16.

17.

18.

19.

20.

REVISED

Complete cooldown operation by admitting water to cask at a maximum
rate of 5 GPM. Fill cask and circulate water through cask until water
temperature at vent valve is less than 100°F.

Loosen all closure nuts and remove all but four of the nuts.

Install closure head lifting lugs, connect cables to lifting yoke, pick up
cask and lower into unloading pool to water level.

Remove remaining four closure nuts and lower cask to pool floor.

Disengage yoke and remove closure head. Place head and yoke on
pool floor.

Unload fuel assemblies.
Replace closure head.

Remove cask from pool, drain water from internal cavity and place in
wash down area.

Decontaminate cask.

Replace closure nuts and accessory cavity and drain valve cover plates,
Remove closure head lifting lugs.

Place cask in shipping structure and replace "A" frame braces.

Check rail car tie-down bolts to insure they are tight and return cask
to shipper.

811
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REVISED

RESISTANCE TO FIRE

The cask has been analyzed to determine its ability to withstand the standard
one-hour fire test. Since the time temperature curve gpecified for the fire
test is based on thermocouple temperatures in a furnace atmosphere, it has
been necessary to first calculate the flame temperature or furnace atmosphere
which would produce the thermocouple response specified for the standard
one-hour fire. This has been done in the analysis and a time temperature
curve of the furnace atmosphere has been developed. This curve is the basis
for computing the heat flux to which the cask is subjected.

The effect of this fire atmosphere on the cask has been calculated using two
basically different approaches. First, the cask is treated as a mass of lead
and steel of infinite thermal conductivity, This approach yields upper limit
internal temperatures because no credit is taken for the insulating effect of
the lead shielding. The result of this calculation is used in further analysis
of fuel temperatures at the end of the fire. The second approach considers a
unit area of cask outer shell subjected to the fire atmosphere and, by using
an iterative process considering the variation in fire temperature and cask
temperature, the temperature gradient through the cask wall is calculated.
This analysis yields the maximum outer shell temperature to be expected and
the results of this approach are used to further evaluate structural integrity
of the shield envelope.

The results of the first analysis yields a bulk temperature of 785°F. This meany
that the upper limit temperature of the fuel basket at the end of the one-hour
fire would be 785°F. The temperature increase due to decay heat release is
negligible because the heat capacity of the fuel and basket is such that the
temperature increase due to this heat source is less than 50°r during the
one-hour fire. Using the temperature differences calculated in the thermal
analysis, pages 9 through 26, the upper limit fuel temperatures at the end
of the one-hour fire can be calculated. In the case of Piqua fuel, the temp>
erature difference between fuel and basket previously calculated was 231°F‘,”
that for the Elk River fuel was 313°F. Adding these temperature differences
to the 785°F basket temperatures gives an upper limit fuel temperature of
1016°F for Piqua fuel and 1098°F for Elk River fuel. This is a conservative
extrapolation because the temperature differences previously calculated
would be less due to increase in the radiation mode of heat transfer at higher
temperatures.

In the case of the Piqua fuel, cladding failure is not likely to occur because
the melting point of the clad is 1200°F and the upper limit cladding temper-
ature estimated is 1016°F. In the case of Elk River fuel, the internal pressure
in the fuel pins due to fission gas and helium at 1098°F is approximately 425
psi. The induced stress in the fuel pin cladding under these conditions is
4400 psi, These values are based on 10,000 MWD/T burnup and 10 % fission
gas release. (See data in Misc. Calculations Section). The tensile strength
of the 304 SS cladding at 1100°F is greater than 50,000 psi. Therefore, an
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P

adequate margin of safety on cladding fatlure exists at the end of the one-hour
fire. As an added consideration, it is noted that even if cladding failure should *
occur, the total 1-131 content of the cask that could be released is far less than
10 curies (See Misc. Calculation Section).

The results of the calculation of the temperature gradient through the cask wall
indicate a maximum outer shell temperature of 1260°F and an innershell temper- |
ature of 660°F. This means that complete melting of the lead will occur, and
that the differential expansion between the steel and lead must be accommodated. |
The differential expansion is provided for by plastic deformation of the shield
envelope. This is a completely sound concept and eliminates the undesirable
effects of providing large expansion spaces within the shield envelope. The
plastic deformation required to accommodate the differential expansion is less *
than 2% which is far less than would be required for failure of the shield envel-
ope material. The internal pressure in the shield envelope is also minimized
because of the fact that the internal pressure is solely governed by the yield
strength of the outer shell which is considerably reduced at the calculated outer
shell temperature. There is no danger of this pressure collapsing the innershell
because it is well supported by the fuel basket. Deflection of the flat plates

in the closure head and the bottom of the cask cavity is also of no concern
because in both areas the worst case conditions are still far from the failure
point. Therefore it is concluded that the cask is capable of withstanding the
one-hour fire without rupture of the shield envelope or uncontrolled release of
radioactivity.

4
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REVISED

D. SHIELDING ADEQUACY

The cask and closure head shielding has been designed to meet requirements
of 10 Mr/Hr. at three meters from and 200 Mr/Hr on contact with any accegs-
ible surface. For the radial shield, 10 Mr/Hr at three meters is limiting; for
the closure head and cask bottom, 200 Mr/Hr on contact is limiting. Shield-
ing calculations are based on infinite operation at full power and 120 days

decay time prior to loading. The results of the calculations indicate that 8-3/4"

equivalent lead is required in the radial shield, 7-1/2" equivalent lead in the
closure head and 8" equivalent lead in the cask bottom. In the final closure
head drawings an extra 1/2" of lead has been included to reduce radiation
levels approximately a factor of two on the closure head. This is to reduce
radiation exposure of personnel during cask unloading at the reprocessing
site.

The lead shielding is metallurgically bonded to the inner and outer shells of
the cask body and the closure head. This improves structural integrity of the
cask and insures that the shielding will remain in its intended position over
the life of the cask. All penetrations are curved or stepped to eliminate the
possibility of radiation streaming through the shield. A small void space is
provided at the bottom corner of the cask to provide for the small amount of
differential expansion between the steel and lead shielding in going from
ambient to operating temperatures.

ORIGINATOR APPROVED DATE PAGE__8 _ oF
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CRITICALITY CONTROL

A preliminary analysis of the cask loaded with 19 Piqua or 19 Elk-River fuel
assemblies indicated that the load of Piqua elements is limiting with respect
to criticality. Further analysis of the Piqua condition showed that the need

for a neutron poison was marginal. Therefore the decision was made to in~ %
clude a neutron poison in the aluminum fuel basket. The poison selected is .
Cadmium which is alloyed with the 6061 aluminum billet from which the basket
will be machined. Addition of the neutron poison to the basket provides more
than adequate safety margin for the loading of Piqua and Elk-River fuel assem-
blies and also provides for future use of the cask with higher fuel enrichments.
The basket material specification calls for one weight percent nominal Cadmium
addition with 0.5 weight percent minimum in any sample. Approximately 100
samples will be taken from various areas during machining of the basket and h
these samples will be analyzed for Cadmium to determine compliance with
specification,

Since the Piqua case is limiting,a detailed analysis of this condition with

0.5 w/0 Cadmium added to the basket was performed. Two methods of analy-
sis were used and both methods were checked for validity against criticality 1
data fuggished by Atomics International. Both methods agreed within 0.04AK
However, to be safe, the method predicting the highest Keff was used as the
design value. An analysis of the cask without Cadmium present was also
performed for additional information. The results of the calculations are as
follows:

Condition keff X0 E
Cask Unpoisoned 0.824 1.066 F
Cask Poisoned-0.5 w/o CD 0.722 .934 : ]

No detailed analysis of the cask loaded with 19 normal Elk-River elements was
required since start-up data from the plant has shown that the minimum number
of elements required for criticality is 30. Therefore the requirement that the 4;3
cask load not exceed 75% of the minimum number of elements required for
criticality is met and no further analysis is required. This applies only to

the 4.3% enriched normal Elk-River elements. Even though there is no in-
tention of loading the cask with 5.2% enriched spiked elements, Allis-Chalmers
in an independent analysis has considered this condition. They have reported% >
that as few as 20 spiked elements can be critical and, therefore, the cask loa
ed with 19 spiked elements would be marginal with respect to safety. In the
Allis-Chalmers analysis no credit is taken for Cadmium in the aluminum basket.
However, they do consider the poisoning effect of the aluminum alloy itself.
The results of their calculation yield a Keff of 0.88 with no specification as -
to the uncertainty factor to be applied to this value. However, based on the
Piqua analysis, it is expected that this value would decrease approximately
0.10aK by considering the Cadmium present, and therefore the cask is safe
with respect to criticality even if loaded with the 5.2% enriched Elk-River
elements.
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F. DECAY HEAT REMOVAL

An important objective of the cask design has been to develop a decay heat
removal system adequate to limit fuel temperatures under normal conditions
and without liquid coolants to acceptable levels. This has been accomplished
by placing the fuel assemblies in close fitting cavities in a cylindrical alum-
inum basket. A controlled clearance gap, adequate for removal and replace-
ment of the basket, is provided between basket and cask cavity. After fuel

is loaded and the system temperatures reach equilibrium, the differential ex-
pansion between the basket and innershell closes the gap thus providing
efficient conduction of heat from basket to innershell. The heat is then trans-
ferred by conduction through the cask wall to the outer shell where it is diss-
ipated by natural convection to the surrounding air. The lead shielding is
metalurgically bonded to inner and outer shells to eliminate thermal resistance
at these interfaces.

The cask design has been analyzed with a full load of both Piqua and Elk-River
fuel to determine fuel temperatures in an air-filled, unpressurred cask. In
both cases it has been assumed that the fuel has operated at full power for its
design life (640 days-Elk River, 515 days-Piqua) and allowed to decay 120 days
prior to loading. The maximum temperatures calculated are as follows:

Piqua Elk River
Fuel -OF 590 618
Outer Shell -°F . 181 166

The fuel temperatures do not exceed corresponding reactor operating tempera-
tures. Therefore, the cask can be shipped normally dry.

Considering the effect of solar heating on one side of the cask, the local max-
imum outer shell temperature in the finned area is 197°F . The temperature

drop in the fin is approximately 10°F which gives a accessible surface temper-
ature of 187 F. This temperature would require that & guard rail or screen be
placed around the cask during transport to protect personnel. However, since

it is expected that test results will show sufficiently improved thermal per-
formance to eliminate this problem, the decision on the protective guard rail

or screen requirement will be deferred until test results are available.

REVISED
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TEST PROGRAM

A test program will be carried out on the cask system to demonstrate adequacy
in all areas. This test program will cover the following major areas:

. Shielding Inspection

Mechanical Fit of Mating Parts
Hydrodstatic Test for Structural Integrity
Leak Test for Leak Tightness

Thermal Test

Handling Test

Oy N bW

These tests will be carried out during manufacture and final assembly at the
appropriate times. Detailed procedures will be prepared for the Shielding
Inspection and Thermal Tests. Other tests will be covered by normal Quality
Control check~off lists.

The scope of the tests outlined above is as follows:

Shielding Inspection

The cask body and closure head will be inspected for shield soundness by

the Knapp patented gamma probing process. This process utilizes a high-
strength, high energy radioactive source, a scintillation type detector, speck -
trum analyzer and strip-chart recorder. Nominally 100% of the closure head
and cask wall shielding will be inspected excluding local projections, pene-
trations, shield discontinuities, etc. Inspection of the cask bottom shielding
by the gamma probe process is not required. Shield soundness in this area is
assured by witnessing pouring and shrink-cooling operation. This is possible
because the cask is poured in an inverted position with the bottom plate re-
moved.\Under these conditions?&?ﬁbe closely controlled and observed elim-
inating the possibility of voids in the shielding. All areas inspected by the
gamma probing process in which the radiation level indicates a 5% or greater
loss in shielding thickness will be further inspected in detail, evaluated to
determine effect on overall shield adequacy and a report with recommended
repair procedure, if required, submitted for approval.

MECHANICAL FIT OF MATING PARTS’

All components will be dimensionally inspected in the normal Quality Control
coverage of the equipment. Specific emphasis will Le placed on proper fits
in the following areas:

(a) Fuel basket in cask

(b) Adapters in Fuel Basket

(c) Piqua dummy fuel assembly in basket

(d) Elk River dummy fuel assembly in adapter
(e} Closure head to cask body

ORIGINATOR
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(f) Lifting yoke to cask
(g) Cask to cask dolly
(h) Cask to shipping structure

The required dummy fuel assemblies and cask dolly will be supplied by
COO-AEC for the test program.

OSTATIC TEST

The assembled cask and closure head will be subjected to 100 Psi Hydrostatic
Test to demonstrate adequate structural strength and leak tightness. The
pressure will be transmitted to the internal cavity through the rupture disc
bottom flange with disc removed so that all valves and fittings, except
rupture disc, can be inspected under pressure.

LEAK TEST

Following the Hydrostatic Test the asgsembled cask and closure head will be
leak tested at S Psig using air and scap solution. This will demonstrate leak
tightness under normal* conditions of transport.

THERMAL TESTS

The thermal performance of the cask will be demonstrated by placing 19
electrical heaters in the basket assembly and operating at various power
inputs up to the design valve. For this test the Elk River fuel adapters will
be in place and both adapter and basket temperature will be measured. A
test head with required heater and instrumentation penetrations will be used
in place of the closure head. The test head will be insulated to simulate
actual closure head with respect to heat loss through the head.

Since the cask is shipped normally dry, the primary objective will be to prove
adequacy under dry conditions. However, to provide additional data for
cooldown operations and possible future use of the cask with liquid coolants,
cooldown tests and tests with the cask water-filled will be performed. The
objective of the cooldown tests will be to provide data for detailed cooldown
procedures. The objective of the wet tests will be to determine decay heat
removal capacity of the cask vs. coolant temperature and pressure.

The results of the tests will be combined with analytical calculations to

‘estimate fuel temperatures under design conditions. Based on observed

basgket and adapter temperatures, fuel temperatures will be recalculated
to provide the best possible prediction under dry conditions.

HANDLING TESTS

Upon completion of the cask assembly and lifting yoke, the adequacy of the
proposed procedure for handling the cask in the vertical position and

L XAk
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rotating from vertical to horizontal position will be demonstrated. This will
be accomplished using the actual cask dolly and lifting yoke.
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