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B.1 140-B CASK ANCILIARY EQUIPMENT

The 140-B Cask Ancillary Equipment includes all cask-related hardware necessary
for a complete transportation package and for handling of the cask at shipping
and receiving facilities. The transportation package equipment includes the
cask tiedown system, the railcar and the sunshield/personnel barrier. The cask
handling systems include both single and dual load path cask lifting fixtures,
a cask uprighting system, an intermodal transfer system, and the cask drain and

fill systenm.

This section describes the individual systems in terms of their purpose, their
function, and their mechanical features. Structural analyses are provided for
the cask lifting and tiedown devices. A structural analysis of the railcar has
been performed in order to size its structural components and ensure cthat the
gross vehicle weight is within 263,000 pounds. The AAR requirements for railcar
analysis has not been included in this package. The cask ancillary equipment
will also include special tools and equipment such as seal surface protection
device, special torque wrenches, leak test equipment, etc. for handling the cask

at a reactor site.

Although final design work remains to be completed, the ancillary equipment
design information presented in this document ensures that the 140-B cask
transportation package will meet or exceed all structural, functional, and
operational requirements, within the specified gross vehicle weight limic.
Additionally, the cask and its lifting fixtures are shown to meet or exceed the
requirements for critical lifts at a nuclear power plant with a gross weight on

the crane hook of less than 200,000 pounds.

B.1.4
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B.1.1 140-B Cask Lifring Devices

This section describes the lifting devices that are to be used to upright and
lift the cask by its upper trunnions. The cask can also be lifted horizontally,
intact with its tiedown system, for intermodal ctransfer. The intermodal lifting

devices are described in Section B.l.4.

The family of cask lifting devices has been designed so that the cask can be
handled at virtually any facility with a 100-ton crane and 22 feet of clearance
available under the main hook. Three types of lifting devices comprise this
system. The primary lifting device is a single load path, double safety factor
fixture shown in Figure B.l.1-1. A dual load path fixture is available for
facilities or applications where it may be required and is shown in Figure
B.1.1-2. The cask uprighting Yoke is similar to the single load path lifting
fixture, and is shown in Figure B.l1.1-3. The uprighting fixture's trunnion
stirrups are longer, allowing the cask to pivot under the main load beam as the

cask is uprighted from its cradle.

Each lifting fixture is designed according to the requirements of ANSI N14.6.
The design of the single load path fixture allows a transverse load beam with
an extra pair of trunnion stirrups to be added. This combination of lifting
fixtures creates a true dual load path to satisfy the requirements for a fully
redundant lifting device. A structural analysis of the single load path fixture

" is provided in Section B.l.7.

Both single and dual path lifting fixtures include an innovative arrangement for
handling the cask lid. The main load beam carries a set of lid lifting bolts
which are used to remove and replace the cask lid once the cask has been
positioned to receive or discharge fuel. The beam also carries a system of
blocks and wedges that secures the cask lid after the lid fasteners have been
removed. This feature assures that the cask lid will remain in place even in

the event of a postulated drop accident.

B.1.5
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B.1.1.1 System Requirements

The lifring fixtures will be used during cask handling operations both at the

utility and at the repository sites. The lifting fixtures have the following

functions:
) Upright the cask to a vertical position on the railcar
2) Lift the cask off the railcar and place it at a work station.
Note: (Will have to disconnect cask rotating lift fixture and inst: ual
lifting system where redundant crane is used.)
3 Transfer the cask in a vertical position to and from the preparation area

and fuel pool

4) Remove and replace cask lid ‘

S) Secure lid in place during vertical transfer operations

Two preliminary design approaches are presented to accommodate operating
preferences and requirements of the individual utilities. The first approach
consists of two fixtures: The cask uprighting fixture is used to upright the
cask from horizontal to a vertical position and place it at a work station. Then
the single load path lift fixture is used to lift the cask in the wvertical
position and move it to the cask preparation area or spent fuel pool. A single
fixture with changeable trunnion stirrups can be used to perform cthe same
functions. In either case the main load beam incorporates both cask lid
holddown and lid lifting devices.

Critical 1lifts that require a dual load-path system have been addressed by
desig .ng the single load path lifting fixture to accept an additional load beam
and hardware that attaches to a duplex hook at 90° to the primary load beam.
This configuration is designated as the dual load-path lifting fixture. ‘

B.1.6
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8.1.1.2 Component Description

Major components that comprise the lifting fixtures are described below and

identified in Figures B.1.l-1 cthrough B.1.1-3.

3.1.1.2.1 Load Beam - Steel weldment made from two pafallel beams with spacer
plates welded to the beam webs. Beams are centrally drilled for
‘hook attachment. Ends of the beams support pivet pins to which the

trunnion stirrups attach.

B.1.1.2.2 Trunnion Stirrups - Steel weldments which attach to the 1lift beam
and engage trunnions on the cask. Stirrups swing in an arc to

engage and disengage the trunnions.

B.1.1.2.3 Crane Hook Pin - Steel pin(s) used to attach the lifting fixture to

the overhead crane hook.

B.1.1.2.4 Trunnion Stirrup Pins - Steel pivot pins that attach the trunnion
stirrups to the load beam and allow the stirrups to swing toward and

away from the cask trunnions.

B.1.1.2.5 Stirrup Actuators - Air cylinders of sufficient size and stroke for

actuation of the trunnion stirrups.

B.1.1.2.6 Lid Lifting Hardware - Brackets and captive bolts that attach the

lid cto the lifting fixture for removal and installation.

B.1.1.2.7 Lid Blocking Hardware - A system of blocks and wedges that secure
the 1id to the cask. An air cylinder is used to position the wedges

into place in the secured and unsecured positions.

B.1.1.3 QOperational Description

This section describes the basic operation of the lifting fixtures for cask

lifting and lid removal/installation. The method of attachment to the overhead

B.1.7
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crane and engagement of trunnions is the same for all fixtures. In cases where‘
a single fixture is used for all functions, a change of trunnion stirrups
between cask uprighting and vertical transfer operations will convert :he
uprighting fixture to a critical lifting fixrture. Facilities requiring a
redundant lift will have to install the additional transverse lift beam after

the cask has been uprighted.

The use of the single load path lifting fixture is shown in Figure B.1.1-53.
The first frame of that figure shows the fixture installed on the crane hook.
with pneumatic hoses connected, being lowered onto the cask. The stirru-
actuators are retracted so that the stirrups fit over the cask trunnion. Th-
fixture is lowered until the lid blocks under the load beam rest on the cask
lid. The lid lifting bolts are then manually started into their tapped holes
in. the cask lid and run down by manual or power ratchet. The stirrup actuators
are extended, centering the stirrups under the cask trunnions, as shown in the
second frame of Figure B.1.1-5. The lifting fixture is then raised, as shown
in the third frame, until the stirrup journals are firmly in contact with the ‘
cask trunnions. As the fixture is lifted, the 1lid 1lifting bolts slide
vertically in their brackets until their flanges bottom out on the load beam
flange. The lid is then supported by these bolts. In a similar manner, che lid
load blocks are free to slide vertically in their pins so that when che fixcture
is raised, they remain in position on top of the cask 1lid. Prior to lifting :he
cask, the load block wedges are positioned between the load beam and the lid
-blocks by their actuator. The wedges preclude the 1lid blocks from recracting.
The load path is complete through the trunnions, stirrups, load beam, wedges and

lid blocks, to the cask lid. The wedges are shown in place in the third frame.

To remove the cask lid, the cask is set down, the lid blocking wedges retracted
and the trunnion stirrups opened, as shown in the fourth frame of Figure
B.1.1-5. When the lifting fixture is raised, as shown in the last frame, the

cask lid is removed and raised by the lid lifting boits.

B.1.8
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B.1.1.4 140-8 Cask Lifting Fixture Structural Analysis

This section covers the structural analysis of a single load path lif:cing
fixture to be used for lifting the upright cask in the fuel pool area of a power
plant. This constitutes a critical lift, thus the fixture is built accordingly
per ANSI N14.6 (Reference 1). The components are made of high strength ASTM
A538 maraging steel. This choice of material was found to produce the lightes:z
possible fixture in order to meet the m;ximum hook weight requirement of 200,000
lbs. The results of this section verify the weight of the o;:imum (lightesct
weight) single load path lift fixture that was ~zsented in Section 2.2 of the

preliminary design report. The weight of this optimum fixture is 2325 lbs.

A standard crane hook does not exist for all the power plants where the 140-B
abovecask might be used. Thus, the fixture configuration presented herein is
intended only to show the feasibility of building a satisfactory lifting device
and to estimate its potential weight. The fixture for each particular plant may
need some degree of customizing so it will fit the hook in that plant. However, '
the design presented in this analysis can be easily adapted to most 100 tor

single or duplex hooks.

The critical lifc fixture is shown in Figure B.1.1-6. It consists of a single
pair of parallel main load beams (1) with trunnion stirrups (2) on the ends for
connecting to the trunnions on the casks. The stirrups, which swing in and ouc
to attach to or release from the cask trunnions, are pneumatically actuated for
remote operation. The fixture also includes a lid lifting system (5,6,7) for
" removing and replacing the cask lid in the fuel pool. Alignment fixtures will

have to be installed on the cask prior to the removal/replacement operations.
This section also covers the estimated weights of the other crictical lifc

fixture designs which were considered using ASTM A537 and/or a dual load path

configurations.

B.1.14
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Analysis shows that under the required loading conditions all components of the

B.1.1.4.1 Analvtical Results

lift fixture will have positive margins of safety and that the system will
perform all the required functions. The stresses in some portions of the lif:
fixture are relatively low. Thus, the fixture could be made lighter but care
must be taken in the process in order to negate buckling in the thin sections.
The minimum margin of safety is .10. The maximum reduction in material strength
due to elevated temperatures is about 8% so the structure will still be adequate

at its maximum operating temperature.
It is estimated the finished fixture will weight 2,235 1lbs, and this value

includes the integral lid lifting system. A factor of 10% is included in chis

weight to account for miscellaneous items, such as weld metal, reinforcing

Weight .

plates, nuts, bolts, etc.

Beams (1) 1,365 1lbs
Stirrups (2) 156 1bs
Pins (8.,9) 378 1lbs
Lid lifting equipment (5,6,7) 226 1bs
Actuators (assumed) (3) ’ 200 1bs

2,325 1lbs.

The following table gives the weight estimates for the other combinations of

materials and configurations which were also considered.

TABLE B.1.1.1
ALTERNATIVE FIXTURES

No. lLoad Path Material Weight

Single ASTM-538 2,325 1lbs

Single ASTM-537 3,903 1bs

Dual ASTM-538 3,075 1lbs ‘
Dual ASTM-537 4,725 lbs

B.1.16
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B.1.1.4.2 Future Recommended Studies

The following items need to be addressed in more detail in the final design

process:

o) The details of the hook attachment area need to be customized for
each different hook in use.

o The details of the beam span and the stirrups where they fit the
trunnions need to be updated when the trunnion design is finalized.

o Alignment fixtures which will ensure the proper engagement of the
cask trunnions and the lid lifting bolt holes must be developed.

. B.1.1.4.3 Structural Verification Studies

This section includes design requirements, assumptions, loads, material
properties and references. The detailed calculations are presented in Appendix
Al.

Design Requirements

Applicable documents are given below:

o Contract No. DE-AC07-881D12700, D.0O.E./NuPac

o ANSI N14.6

o) American Iron and Steel Institute (AISI) Specifications

o American Welding Society, AWS D1.1-80 "Structural Welding Code"

Functional Requirements are as follows:

o Fast and easy operation during fuel loading
‘ o Capable of remote operation

B.1.17
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Assumptions l

o The cask and contents weighs 200 kips
o) The cask lid weighs 11 kips
Loads
Normal Operation
ol This is a lifting conditic.. Zor the cask. Thus the analysis wi_l
be based on a 1. g. down load with the safety factors as required
by ANSI N14.6 (Reference 8)
o The "W" used will include the impact load factor references in 7.2
of ANSI N14.6.
) Since this is a single load path fixture on a critical lift the
normal safety factors are doubled to 6 on yield and 10 on ultimate.
Buckling is considered to be an ultimate condition.
Design Temperature Range *
o Maximum: 130 F
o Minimum: -40 F
(*) Defined by NuPac
B.1.1.4.4 Material/Allowable Stresses

ASTM A538 maraging steels, grades 200 and 250, are to be used (Reference 7).
This type of steel provides high strength along with reasonable ductilicy.
Thus it is suitable for building light weight structures. It is easily welded
and moderate post heat treatment produces essentially full base metal strength
in the welds. The structure can be welded after the original heat treatment and
then reheat treated back to its original strength. Reheat treating can be done'
a limited number of times before the base metal properties begin to degrade.
Due to the high strength of the material, the cross sections of the members may

be quite -thin. Care must be taken to avoid buckling in the thin sections. The
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material contains 18% nickel and does not have a nil ductility temperature in
the range of temperatures to be considered in cthis design. The nil ductilicy
tamperature for the material is -150°F. The material has moderate ductility and
high Charpy and knotch strength. Fracture analysis may be necessarv to verify

that the ASTM A538 steel has sufficient ductility.

ASTM A538 - Maraging Steel (Reference 7)

(Room Temperature properties)

T-200 grade T-250 grade
Ftu = 210 ksi 260 ksi
Fey = 205 ksi 255 ksi
Fsu = 155 ksi
E = 26 .5E6 psi 26 .5E6 psi
elongation = 14% 11%
Charpy strength = 81 fc-lbs 25 fr-1lbs

The values of the material properties vary with temperature. In the range of
-40 F to 250 F the tensile strength of ASTM A538 varies almost linearly from 92%

of the room temperature value at 250 F to 105% at -40 F (Reference 11).

All margin calculations will be based on the Stress Intensity.

B.1.19
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8.1.1.4.5 References

1. Contract X». DE-AC07-88ID12700, D.0O.E./NuPac
2. Roark, 4th ed., Formulas for Stress and Strain, McGaw-h:ill
3. Timoshenko and Young, Elements of Strength of Materials, 5th Ed., D. Van

Nostrand Co., Princeton, NJ

4, The Crosby Group, P.0O. Box 3128, Tulsa, OK

S. AISC Manual of Steel Construction, 7th Ed, AISC, 101 Park Avenue, YNew
York, NY

6. ANST N14.6 - American National Standards for Shipping Containers Weighing

10,000 Pounds or more for Nuclear Materials, 1986, American National

Standards Institute, Inc., 1420 Broadway, New York, NY 10018

7. VascoMax, T-200 and T-250, 1985, Teledyne Vasco, P.0O. Box 151, Latrobe,
PA 15650, 800/537-5551
8. Mil-Hdbk-SE, Metallic Materials and Elements for Aerospace Structures,

Department of Defense, Washington, D.C., June 1, 1987
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3.1.2 140-B Cask Tiedown Svstem

This section describes the arrangement, the operation, and the structural
analysis of the cask tiedown system for the 140-B rail/barge cask. The tiedown
system supports the cask and provides for attachment of the cask to a special
railcar or a barge deck. It provides for the breakaway of the cask, without
damage to the cask from the railcar, if the AAR tiedown loads are exceeded. In
addition, it functions as a lift fixture for the intermodal transfer of the cask

from the railcar to a barge.

B.1.2.1 General Description

The cask cradle consists of a light weight, high strength steel frame which
carries the weight of the cask through its support lugs. The cradle is secured
to the railcar by separate vertical and longitudinal tiedown bolts which are
designed to shear in a severe accident. The tiedown system is shown assembled
in Figure B.1.2-1 and in an exploded view in Figure B.1.2-2. Details of the
system are shown in Figures B.1.2-3 through B.1.2-5. The cask is secured in the
cradle by four tiedown clamps. This clamping system, shown in Figure B.1.2-5,
allows the cask and cradle to be lifted horizontally for intermodal transfer

between the railcar and a barge.

The results of the structural analysis verify the preliminary weight for chis
tiedown system to be 7,400 pounds. Thus, when combined with a maximum cask
weight of 206,600 pounds, and 2,000 pounds sunshield/personnel barrier discussed
in Section 2.2 of the preliminary design report, the total weight on the
transport vehicle will be 216,000 pounds. This leaves 47,000 pounds as a
maximum allowable for the railcar weight based upon cthe limit specified in

Reference (1) for "gross weight on rails".

B.1.21
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B.1.2.2 Operational Details

Operational details include loading and unloading site, rail <:cransporc,

breakaway, strength, intermodal transfer and other considerations.

3.1.2.2.1 QOperation at a Fuel loading/Unloading Site

The cradle (6) consists of a light weight high strength steel space frame which
supports the cask (1) and impact limiter (15) assembly on a special railcar
{1l4). Four cask support lugs (2) on the cask rest in pockets on the upper
corners of the cradle. These pockets provide longitudinal, lateral and vertical
downward support. Cask tiedown clamps (3) over the top of the cask lugs retain
the cask in the cradle for vertical upward loads. The clamp, lug and pocket
mating surfaces are also contoured so that the pockets can exert a radial
outward pull on the lugs. This allows lateral loads to be shared by all 4

pockets.

The longitudinal attachment of the cradle to the railcar is made with four
tiebolts (12). The tiebolts are pinned in longitudinal restraint blocks (1l1)
which lie on the car deck and are trapped horizontally inside the corners of the
cradle base. The tiebolts slope down through the car deck at an angle of 15
degrees from the horizontal along the longitudinal axis of the car and pass
‘through plates which are attached to the car frame. Nuts on the tiebolts hold
them in place and allow for adjustment of any slack in the system. Two tiebolts
slope each way so that the four bolts provide restraint in both direccions. The
two bolts at each end straddle the centerline symmetrically. The blocks are

not intended to provide any vertical or lateral restraint.

Longitudinal slack in the restraint of the cask in the cradle pockets is
enhanced by the use of longitudinal restraint wedges (9). These wedges fit in
the cradle pockets behind the cask support lugs. Tightening down the bolts
which hold the wedges in position removes slack from the system and accommodates

any manufacturing tolerances in the assembly.
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Yertical upward retention of the cask/cradle assembly on the car is accomplished
by 4 tiedown straps (l14) near the corners of the cradle base. Vertical ciedowns
secure the straps and are strong enough to resist any of the required AAR upward
loads. The cask is retained in the cradle by the cask tiedown clamps which
attach to the upper end of the tiedown straps (4). The clamps (3) go over the
four cask support lugs (2) which locate in the cradle pockets (8). These are
cightened down with bolts to remove vertical slack from the system. OCownward
loads are applied to the cradle pockets by the cask support lugs. The cradle
is then supported by the car deck.

During normal fuel loading and unloading operations the cask and cradle are
subjected to nominal loads of 1 g due to gravity. Appropriate safety factors,
to be discussed subsequently, cover potential impacts or acceleration loads.
The cradle facilitates the operation of the cask in a minimum amount of time
during the fuel loading and unloading processes. The central location negates
any preparation of the cradle prior to removing the impact limiters . Removal ‘
of the tiedown clamps and the longitudinal pocket wedges clears the way for the
cask to be lifted out of the <cradle. The rest of the cask operation is

independent of the cradle design.

Vertical and lateral positioning of the cask in the cradle is provided by a
close fit of the cask lugs in the cradle pockets. This fit is not adjusted
during normal operation of the cask. Permanently installed shims can be used

to take up the manufacturing tolerances in such cases.

Longitudinal positioning of the cask in the cradle is done by the trunnions in
the turning fixture when the cask is placed in the cradle. The trunnion
supports are moved longitudinally to align the cask with the cradle axis and to
adjust the position of the cask in the cradle. Once the cask is resting on its
lugs in the cradle pockets the longitudinal wedges are installed to take
longitudinal slack out of the system. The wedges are pulled into place with

bolts which prevent them from shifting during transport. ’
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B.1.2.2.2 Rail Transport

The tiedown system is required to provide secure attachment of the cask to the
railcar up to a minimum of the AAR tiedown requirements per Rule 88 (Reference
2). The required inertial restrains are for 7.5 g's longitudinal. 4.0 g’s
vertical, 1.8 g’s lateral based on the cargo weight. These loads are applied

independently rather than concurrently.

B.1.2.2.3 Breakaway

During an accident when the loads exceed the AAR tiedown requirements the
breakaway feature of the tiedown system allows the cask to separate from the
railcar without any damage or impairment to the cask’s safety functions. All
tiedown equipment are free to separate from the cask during the breakaway
process. The upper bound for the breakaway loads is the requirement to not
degrade the cask safety functions during the breakaway. The NRC requires the
cask to withstand 10 longitudinal, 5 lateral, and 2 vertical g’s. Thus, a sharp
spike load is not likely to cause the cask to be released even if the peak load
exceeds the breakaway load momentarily. This provides insurance against an

unintended release of the cask.

During a longitudinal breakaway the cask is released from the railcar by the
tensile rupture of the longitudinal tiedown bolts due to the inertial loads.
The vertical tiedown bolts initially prevent longitudinal overturning. After the
longitudinal bolts break the vertical bolts are sheared as the cradle base
slides along the car deck. This releases the tiedown straps (4) which thus
release the cask tiedown clamp. The tiedown equipment is no longer fastened to

the cask.

The lateral breakaway mechanism is independent of the longitudinal breakaway
process. The lateral system requires lips (16) on the edges of the railcar deck
to prevent the cradle from sliding laterally. The lateral breakaway is
accomplished by the wvertical tiedown bolts breaking in tension when the
cradle/cask assembly tries to overturn laterally. The longitudinal tiedown

blocks are not fastened to the cradle base so the cradle can lift vertically off
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the bloc:s during a lateral breakawav. The minimum strength for the ver:i:al‘
“iedown bolts is based on -ne requirement to prevent longitudinal overcurning.
The ratio of height of the cask CG to the distance of the vertical tiedown bol:
form the edge of the cradle bu.se determines the relative load applied to the
bolt. This ratio and the necessary tolerances preclude a 1.8 g lateral
breakaway. Thus, a maximum design value of 3.0 g's is used. This is acceprable
for the cask which must be built to withstand a 5.0 g lateral load. ‘he
separation of the functions of the different sets of bolts during the =wo tvpes
of breakaway allows the bolts to be tailored to a precise strength. A section
of the shank of the bolt above the threads can be turned to a proper diameter,
depending on the strength of the bolt material, to provide the required tensile

strength.

The actual lateral breakaway will be a sequential failure. The bolt at one end
will probably break before the bolt at the other end. Thus, the cradle must be
torsionally strong enough to prevent it frdm twisting and damaging the cask
before the second bolt breaks. This is done by building a torque box (7) :o‘

connect the two end bulkheads.

The vertical upward breakaway is accomplished by the tensile rupture of cthe
bolts in the cask tiedown clamps. These are different from the cradle tiedown
bolts. The required vertical breakaway load is less than the tensile strength
of the vertical cradle tiedown bolts so the failure occurs first in cask tiedown
bolts. The separation of the cask tiedown bolts releases the tiedown clamps and
thus the cask. Since the cask is supported by the cask lugs near the cask
centeriine the vertical load components created by the lateral and longitudinal

loadings are less than the vertical breakaway loads.

There is no vertical downw--d breakaway mechanism. Excessive downward loads

will eventually cause the impact limiters to contact the deck of the railcar.

During a lateral or longitudinal breakaway, the ends of the tiedown straps ar=
released at the car deck so that the cask is no longer fastened to the cradle.
Hoi.es in the end of the straps fit over the vertical tiedown bolts so the scrap‘
is captive between the cradle and the railcar. When the vertical tiedown bolts

are sheared or broken during a breakaway the ends of the straps slip off the
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lower portion of the bolt and the tiedown system is released from the cask and

railcar.

B.1.2.2.4 Strength

Due to the large weight of the cask assembly relative to the car weight the AAR
Rule 88 tiedown requirements make the tiedown system stronger than the railcar.
Only an unuéually severe accident could create loads sufficient to cause the
cask to breakaway. Normal operating loads will be far below the breakaway load
levels (.7 to 1.5 g’'s longitudinal, < 1 g lateral, < 1 g vertical - Reference
(9)). Thus, the breakaway conditions are considered to be "accident" conditions
and only minimal margins are required. Also the tiedown bolt materials can be
tested on an individual part basis and machined to size to provide a specific
strength. This will reduce the need for large factors to cover the variations

in the materials.

The cradle is designed just under yield for the maximum breakaway loads. This
is done to minimize the weight of the tiedown system and still retain a known
geometry for the cradle. Minimum weight is required because of the 263,000 lbs

gross weight on rails limitdation of the loaded railcar.

The cradle is to be constructed with ASTM AS38 maraging steel. The 200 and 250
grades are to be used (Reference 10). This type of steel provides high strength
along with reasonable ductility. Thus, it is suitable for building light weight
structures. It is easily welded and moderate post heat treatment produces full
base metal strgngth in the welds. The structure can be welded after the
original heat treatment and then heat treated back to its original strength.
Heat treating can be done a limited number of times before the base metal
properties begin to degréde. Due to the materials high strength the cross
sections of the members may be quite thin. Care must be taken to avoid buckling
in the thin sections. The material contains 18% nickel and has nil ducctility
temperature of -150°F which is below the range of temperatures to be considered
in this design. The material has moderate ductility and high Charpy and knotch
strength. Fracture analysis may be necessary to show that the ASTM A538 steel

has sufficient ductilicy.
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The cradle pockets are not intended to fail during a breakawav. The remain'

intact until the cask is clear of the cradle.

B.1.2.2.5 Intermodal Transfer

The cradle also functions as a lifting fixture for the cask/impact limiter
assembly when it is to be moved in a horizontal attitude for transfer to a barge
(see Fig e B.1.2-6). The tiedown straps must be removed and the cask tiedown
clamps -ened to the cradle so they will function while the cradle is not on
the railcar. A breakaway function is not required during this lifting process.

Lifting lugs are built into the cradle for attachment of the lifting beam.

The cradle/cask assembly can be fastened to the barge deck, trailer, or storage
stand in the same manner as it is fastened to the railcar or by any other
suitable means. Specifications are not available for the attachment to the
barge deck or the minimum strength of such tiedowns. .
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B.1.2.2.6 Qther Considerations .

The cradle/cask system design must be coordinated with the railcar design.

Attachment and support points for the cradle must be provided in the car deck
at the required locations and have sufficient strength. The weight of cthe
cask/tiedown system and location of its supports will greatly influence the car
design. Also, the CG location and dynamic properties of cthe cask/tiedown

assembly will influence the railcar dynamic stability.

B.1.2.3 Analytical Results

Analysis shows that under the required loading conditions all components of the
tiedown system will have positive margins of safety and that the system will
preform all the required functions. The maximum stress indicated in the cradle
is 131.4 ksi. Thus, the cradle can be made lighter but care must be taken in
the process to prevent buckling in the thin sections. Also the pocket area'
needs more detailed analysis when the cask support 1lug configuration is

finalized. Both of these items will be addressed during final design.

It is estimated the finished tiedown system will weight 7,373 lbs. A factor of
10% is included in this weight to account for weld metal, reinforcing plates,

nuts, bolts, etc.

Weight CG *
Cradle 4,547 1lbs 33.7"
Cask tiedown clamps 620 1lbs 48.6"
Tiedown bolts/blocks 2,215 1bs 3.0"
Total: 7,373 1bs 25.7"

(For overall wt calculations 7,400 1lbs)

* The CG is measured up from the car deck.
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The maximum interface loads applied to the railcar by the tiedown system during
the worst case (maximum breakaway) conditions are shown in Figure B.l1.2-7 and
Table B.1.2.1. The lcads can occur in any one of 6 possible combinations
depending on the directions of the applied inercial loads. These are the loads
which should be used for designing the attachments for the tiedown components
to the railcar. It is required that the attachment points on the railcar shall
not separate from the tiedown system components at loads lower than those
specified herein. The railcar itself will be designed to a different set of
requirements. The lateral spacing geometry of the cradle base and the verctical

tiedown bolts are show in Figure B.1.2-8.
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TABLE B3.1.2.1
MAXIMUM INTERFACE LOADS

Location X Y A
Longitude bolt 930 kips - 249 kips 0.0
Vertical bolts 0.0 580 kips 0.0
Cradle base corner 0.0 -580 kips 30 Kips

The lateral natural frequency of the cask/cradle assembly is estimated to be 3.3
Hz. From conversations with railcar manufacturers, it is desired to avoid a
natural frequency of 1 Hz to avoid excessive excitation during rail

transportation. This is based on the car deck being rigid.

The internodal lift lugs (5) on the cradle are adequately strong for lifting che

cask/impact limiter/cradle assembly per the requirements of ANSI N1l4.6
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B.1.2.4 Future Recommended Studies

The following items need to be addressed in more detail in the final design

process:

a) The present cradle analysis is a 2-D pin jointed model except for the end
bulkhead. A 3-D analysis using beam members should be done to determine
the joint moments. The cradle joint designs should then be revised to

accommodate the applicable moments.

b) The torque box should be addressed in more detail. Stiffeners will be

required to prevent buckling.

c) A fatigue analysis should be done. It should be based on the normal

railroad operating loads.

d) A more detailed analysis of the cradle pocket area should be done when the

cask support lug details are completed.

e) Complete the tiedown bolt attachment in the cradle base. The tiedown

design must be coordinated with the railcar design.

£) Provide justification for the acceptability of the ductility of the ASTM

A538 steel if it is required.

g) All calculations should be updated to the final cask and railcar

parameters and a final weight assessment should be accomplished.

h) The design will be reviewed and may need to be modified to meet DOE

remote-automated handling methods.

B.1.2.5 Structural Verificarion

The section contains information concerning design requirements, assumpctions,
loads, material properties and references. The detailed calculations are

presented in Appendix AZ.
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B.1.2.5.1 Design Requirements

Applicable Documents

o Contract No. DE-ACQ07-88ID12700, D.0.E./NuPac

o Field Manual of the AAR - Interchange Rules

0 Office Manual of the AAR - Interchange Rules

o Manual of Standards and Recommended Practices, Section C - Part III. M-
1001 (AAR)

o) American Iron and Steel Institute (ANSI) Specifications

) American Welding Society, AWS D1.1-80 "Structural Welding Code"

Functional Requirements

o Fast and easy operation during fuel loading

o No breakaway at less than AAR requirements

o No impairment of cask safety during breakaway .
o Capable of intermodal transfer between railcar and barge.

B.1.2.5.2 Assumpcions

o The rail car deck is rigid
) The cask is rigid
o The tiedown loads are applied independently in each direction

B.1.5.5.3 Loads

Normal Operation

o 1 g gravity forces
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Rail Transport Loads

o) AAR tiedown loads per Rule 88 (ref.2)

~J4

.5 g's longitudinal
- 4.0 g’s vertical (up or down)
- 1.8 g’'s lateral

- These loads are based on the inertial loads times cthe weight of :the

cask package, W=220.Kips (see Table B.1.2.2)
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TABLE B.1.2.2 ‘

INERTIAL CASK LOADS

Description Tiedown Mini -um Maximum
Longitudinal 1,650 K 1,690 K 1,839 K
Vertical, Fy 880 K 901 K 992 K
Lateral, Fz 396 K 406 K 446 K

3.g's Fz - - 660 K *

* This is the maximum acceptable load at which the actual lateral breakaway
is assured based on the strength and geometric requirements of the cask

ara tiedown system.
Railcar transport load definicions:
o Minimum tiedown loads

- The specified minimum AAR :iedown requirements .
- No breakaway at loads below this level

- The tiedown system components must not yield at these loads

o Minimum breakaway loads

- The least load at which a breakaway might occur
- Based on the ratio of the ultimate strength of the tiedown

bolts to their yield strength

o Maximum'breakaway loads

- The maximum load required to assure breakaway

- Based on the minimum breakaway load plus 10% plus any other
load increasing factors

- The maximum breakaway load must be less than any load which
will impair the safety functions of the cask

- The tiedown system, except for the tiedown bolts, must not

yield at these loads.

\
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Design temperature range *

0 Maximum: 130°F

o Minimum: -40°F

* Defined by NuPac

Intermodal transfer loads =
o This is a lifting condition for the cask. Thus the analysis will
be based on a 1. g down load plus safety factors as required by ANSI

N14.6 (ref. 8)

o The required safety factors are 3.0 on yield or 5.0 on ultimate.

Buckling is considered to be an ultimate condition.

Barge tiedown and transfer loads

o Will be developed during final design.
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B.1.3.5.4 Material Properties (allowable Stresses)

ASTM A538 - Marging steel (Reference 10)

(Room temperature properties)

T-200 grade T-250 grade
Ftu = 210 ksi 260 ksi
Fty = 205 ksi 255 ksi
Fsu = 155 ksi
E - 26.5E6 psi 26.5E6 psi
elong = 14% 11%
Charpy strength = 81 Ft - Lbs 25 Ft - Lbs

The values of the material properties vary with temperature. In the range of
-40°F to 250°F the tensile strength of A538 varies almost linearly from 92% of
the room temperature value at 250°F to 105% at -40°F (ref. ll). The temperature
effects will cause variations in the rupture strength of the tiedown bolts. But
the strength of the rest of the tiedown structures will also be varving in
proportion to the temperature changes. So while the actual breakaway loads may

vary with temperature, the tiedown system is still be adequately strong.

No specifications are given for the allowable stresses in the tiedown system.
Thus, reasonable margins consistent weight a minimum with structure will be

assumed for the breakaway conditions based on engineering judgement,.

o A minimum margin of 0.0 on yield at the maximum breakaway loads will be
used since this is an accident condition.
) A minimum safety factor of 1.2 on buckling at the maximum breakaway loads

will be used.

o A minimum safety factor of 1.1 on yield at the maximum breakaway loads.
0 All margin calculations will be based on the Stress Intensicy.
o Allowable stresses for the Intermodal lift will be based on ANSI N14.6.

The max allowable stresses will be least of 1/3 of yield or 1/5 of

ultimace.
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10.

11.

.5.5 References

Contract No. DE-AC07-88ID12700, DOE/NuPac

Field Manual of the AAR Interchange Rules, 1985 Association of American
Railroads, 1192 L Street NW Washington, D.C. 20036.

Office Manual of the AAR Interchange Rules, 1985 Association of American
Railroads, 1192 L Street NW Washington, D.C. 20036. )
Roark, 4th Ed., Formulas for Stress and Strain, McGraw-Hill.

Timoshenko and Young, Elements of Strength of Materials, 5th Ed., D. Van
Nostand Co., Princeton, NJ.

The Crosby Group, P.0. Box 3128, Tulsa, OK AISC Manual of Scteel
Construction, 7th Ed., AISC, 101 Park Avenue, New York, NY.

AISC Manual of Steel Construction, 7th Ed., AISC, 101 Park Avenue, New
York, NY. : ,

ANSI N14.6 - American National Standards for Shipping Containers Weighing
10,000 Pounds or More for Nuclear Materials, 1986, American National
Standards Institute, Inc., 1430 Broadway, New York, NY 10018.

Task 2.1 - Shock Loading Environments, F.D. Irani, Association of American
Railroads, Pueblo, CO 81001

VascoMax, T-200 and T-250, 1985, Teledyne Vaco, P.0. Box 151, Labrobe, PA
5650, 800/537-5551

Mil-Hdbk-5E, Metallic Materials and Elements for Aerospace Structures,

Department of Defense, Washington, D.C., June l, 1987
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B.1.3 140-3 Cask Uprighting Svstem

The cask uprighting system consists of the cask turning fixture and the impact
limiter removal equipment. The cask uprighting Yoke to lift the cask is

described in Section B.1l.1.

B.1.3.1 General Description

The cask turning fixture provides support and pivot points for the lower
trunnions when uprighting the cask from and lowering it onto the cradle. The
Curniﬁg fixture is shown in Figure B.1.3.1. 1is not carried on the cask railcar
so that its substantial weight is not added to the gross vehicle weight, but

would be at the facility prior to arrival of the cask.

The turning fixture consists of a welded steel frame which guides a pair of
trunnion journal blocks. The blocks can slide up or down in the frame, and are
supported by 50-ton hydraulic jacks. The jacks are used to raise the trunnion
blocks up to the trunnions for uprighting and to lower the blocks after the cask

is placed in the cradle so that the turning fixture can be removed
The impact limiter removal system consists of two dollies at either end of the
" railcar, which are used to roll the impact limiters away from the cask. A

system of screw jacks on the dollies is used to lift the weight of the impact

limiters so that the dollies can be rolled back from the cask.

B.1.3.2 Component Description

The uprighting fixture consists of the following components:

Uprighting Fixture Frame - Steel weldment of sufficient strength to react loads
induced by the weight of the cask. Construction is of steel plate welded into ‘

a box beam configuration.
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Trunnion Journal Blocks - Steel blocks machined to provide the following:
1) Lead-in during cask placement on railcar
2) Wear surface during pivoting

3) Elevation adjustment to properly position the trunnion pivot points

Hydraulic Jack System - System consisting of two 50-ton cylinders, hand pumps,
and hydraulic hoses. The system is used to elevate and lower the trunnion

journal blocks.

Ratchet Binders - Two ratchet binders and attachment hardware are provided as

a means to locate the uprighting fixture longitudinally on the railcar.

Lifting Lugs - Two lugs that attach to the fixture for lifting the fixture on

‘ and off the railcar.

The impact limiter removal system consists of the following components:

Transfer Dollies - A dolly on either end of the railcar is used to remove the
impact limiters from the cask and support them on the railcar during cask

uprighting operations. The dollies roll on rails fastened to the railcar deck.

Impact Limiter Support Frames - A frame on each dolly forms a v-trough which

supports the impact limiter in a stable arrangement on the dolly.

Impact Limiter Lifting Jacks - Manually-operated screw jacks on each dolly are
used to raise the support frames to remove the weight of the impact limiters

from the cask and the cask attachment bolts.

B.1.3.3 QOperational Description

To prepare the cask for uprighting, the sunshield/personnel barrier (see Section

B.1.4) must be retracted and the impact limiters removed. The impact limiter
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transfer dollies are placed on their tracks at each end of the railcar and‘
rolled under the impact limiters. The dollies’ screw jacks are raised uncil :the
weight of the impact limiters are supported on the dollies. The impact limicter
fasteners are removed and the dollies, supporting che impact limiters, are
rolled to each end of the railcar. If necessary, the ratchet binders used to

align the turning fixture may be used to retract the dollies.

After the impact limiters have been removed from the cask, the turning fixture
is cthen positioned onto the railcar and placed at the bottom end of the cask.
The two ratchet binders are attached to the fixture and to the railcar deck.
The binders are then operated to align the turning fixture underneath the cask’s
lower trunnions as shown in Figure B.1.3.2. When the fixture is located under
the cask trunnions, it is then fastened to the deck of the railcar. The
hydraulic hand pumps which operate the jacks are connected to the jack by
flexible hoses and quick-connect fittings. The jacks are then raised to lifc
the turning fixture trunnion blocks into contact with the trunnions. Pilot-to-
open check valves at the jack prevent any possibility of load drop when che cask‘

is uprighted, even if the hydraulic hoses are disconnected or severed.
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CENTER CF FIXTURE

FIGURE B.1.3-1

Cask Uprighting Fixture
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FIGURE 13.1.3 2
Cask Assembly - Uprighting of Cask
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B.1.4 140-B CASK SUNSHTELD/PERSONNEL BARRIER

The following section provides a description of the sunshield/personnel barrier.
The sunshield/personnel barrier serves two primary functions. The barrier
shields the cask and tie-down hardware from the elements including rain, dirc,
vandalism, and incidental transportation hazards. The barrier also reduces the
solar heat load on the cask surface while providing a flow path for air around

the cask.

The second function of the sunshield/personnel barrier is to limit access to the
cask surface and tie-down hardware by personnel. This serves to prevent
unauthorized or accidental manipulation of the tie-down hardware. It also
~serves to protect railworkers from potentially hazardous surface temperatures
of the cask, and to limit the minimum distance between personnel and the cask

surface to maintain maximum dose rates in accordance with 10 CFR 71.

B.1.4.1 System Description

The sunshield/personnel barrier consists of two rolling door assemblies (one per
side) mounted to the cradle near deck level of the railcar as shown in Figure
B.1.4-1. The concept is similar to the rolling service doors used in commercial
buildings and other structures. The components making up the
sunshield/personnel barrier are based on standard design components used in the
overhead door industry. Critical components such as rollers, bearings, and
drive mechanisms are sealed and weatherproofed to ensure operation under adverse
conditions. The drive mechanism, locks, and latches are operable from ground

level.

Each barrier section is approximately 144 inches wide x 96 inches long, weighs
approximately 1000 pounds and is rated for a 50 lbs/ft? wind load. The barrier
sections are made up of stainless steel or aluminum interlocking slats coated
with a zinc oxide base white paint. The sections follow grooved tracks, with
sealed rollers spaced at the ends for guide. The top 30° of each door assembly
is made up of solid slats, the following 60° is louvered, and the remaining

vertical section is slotted to leave 30% of the barrier section open. This
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design is intended to provide a path for air circulation while minimizing solar .

heat input.

Grooved tracks are used to guide and contain the barriers during extend :g and
retracting operations. Curved track sections are mounted on the impact limiters
and remain in place when the limiters are detached from the cask. Verrtical
sections are mounted cn the impact limiters and the take-up tubes, and fold down

to allow access to the cask and tie-down hardware.

The take-up tube is a shee tal housing that holds the barrier doors when they
are retracted. The take-u. .ube assembly bolts to the cradle. The drive box
includes a gear box, drive shaft, and sprockets that engage links in the barrier
slats. It can be connected to an external power supply or to an impact wrench
' for manual operation of the barrier. The drive box is designed to extend or

retract the barrier doors at 15-foot per minute.

B.1.4.2 Qperatijonal Description I

Closing and opening the barrier requires an external power source to drive th-
closure mechanism, or an impact wrench for manual operation. With the cask ar

impact limiters in place, the vertical guide tracks are folded into place. T¢

power supply to drive the barrier is connected to one drive box and activate.
to extend one barrier door into place. The power supply is then connected to
the other side of the sunshield/personnel barrier and the operation repeated.
The barrier is secured by locking the drive mechanism in the closed position and
limiting access to the drive connection. The barrier is retracted in a similar

fashion.

In the event that the sunshield/personnel barrier is damaged and cannot be
retracted, it can be removed by removing the impact limiters and folding the
barrier section out of the way. The drive mechanism has provisions for manual

operation when a power source is not available.
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SECTION a-A

FIGURE B.1.4-1
Sunshield /Personnel Barrier Assembly
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B.1.5 140-B Cask Railcar ‘

The cask railcar is designed according to American Association of Railroad (AAR)

requirements to transport the cask with a gross weight on the rails of less than
263,000 pounds. It provides support and attachment points for the cask cradle
during shipment, a platform for removal of the impact limiters, and a stable

base for uprighting and downending of the cask.

B.1.5.1 System Descrjption

B.1.5.1.1 Genera, DJescription

The cask railcar is an all welded, 100 ton, 47'-6-1/2" special purpose flatcar
depicted in Figures B.1.6-1. The railcar weighs approximately 39,500 pounds and
complies with AAR and FRA Specifications. The loaded deck height is 3’'-3" and
the maximum width is 10 feet. The railcar has a 150-foot uncoupled turning ’
radius and a 186-foot turning radius when coupled with an AAR base car. The
underframe and car body are sand blasted and painted for corrosion proteccion.

All welding i{s performed by welders certified to AWS D-15.1.

B.1.5.1.2 Component Descriptions

Underframe and body construction: The center sill between body bolsters is
constructed of built up box sections of HSLA steel. The top cover plate is
locally reinforced for attachment to the cask and cradle., The center sill
outboard of the body bolster is constructed from two HSLA AAR CZ-13 @41.2 lb/ft
welded together according to AAR Plate 525. A fabricaced striker and draft
pocket suitable for a SBE67CE coupler and a 15-inch end-of-car cushion unit are
provided. A cast steel low profile center plate is attached. The fabricated

bolster consists of the following major components:

Top Cover Plate 5/8" x 24" ‘

Bolster Webs 1/2" plate
Bottom Cover Plate 5/8" x 24"
Sole Plate 9/16" x 32"
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The top cover plate extends the full width of the car. The bottom cover plates

and web plates extend from the center sill to their extremities. They are
connected to the sole plate across the bottom center sill. The side bearing
reinforcement is a 3/8-inch formed "U" plate. Jacking pads of 1/2-inch

structural steel plate are applied to the bottom cover at the ends of the
bolsters. Lifting provision holes are provided in the body bolster bottom cover
plate to fit the AAR specified gage. Four (4) roping staples are provided on
the ends of the body bolsters. End . sills are constructed as built-up box
sections of 1/4-inch HSLA steel with 12" x 12" cross section. The top surface
serves as the cross-over platform. Provisions are made for attachment of
auxiliary walkways, platform and the like at loading and unloading sites. These
include sprockets and pads to accept mounting struts and studs for the auxiliary

equipment as finally designed.

Body Specialties: The body consists of AAR No. SBE67CE, Grade "E" couplers, a
fabricated HSLA steel striker designed for a type E coupler and end-of-car
cushion unit. The draft Stops are a fabricated HSLA steel design as prescribed
for the end-of-car cushion unit yhich is a 15-inch travel E-0-C unit with gas
return for E type coupler application. The coupler release is an AAR standard
telescoping rotary operating design. The center plates/center fillers are low
profile design, l6-inch diameter, Grade "B" cast steel flame hardened to 375
min. B.H.N. The side bearings are a flat design 5/8" x 4" wide. Shimming is
applied to the body bolster as required to adjust side bearing clearance. Grab
irons and ladder rungs are 3/4-inch diameter material and are applied with two-
piece fasteners in accordance with current AAR/FRA requirements. There are two
routing card boards and one defect car holder on each railcar.

Trucks: The trucks are 100 ton capacity ASF Ride Control type with 6-1/2" x 12"
roller bearing journals and 4-1/4 inch spring travel. The side frames are AAR
approved 6-1/2" x 12" cast steel with column guide wear plates. The bolsters
are AAR approved cast steel with a 16-inch diameter bowl for 1-3/4 inch center
plate engagement with wear liners in the center of the bowl. The trucks include
a center pin, ASF Ride Control snubbing, hydraulic snubbers and side bearings,
AAR alloy steel springs, N.F.L. type roller bearings with narrow pedestal
adapters, AAR No. 18 brake beams, AAR H-4 2-inch composition brake shoes, single

leaf brake shoe keys, unit type brake béam wear plates, and forged or flame cut
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truck levers, bottom rods, and jaws. The wheels are AAR CH-36 class "C" w‘neels.

and the axles are raised ~heel seat, Grade "F", 6-1/2" x 12" roller bearing

type.

Air Brakes: A truck mounted ABDW brake system is designed and applied in
accordance with current AAR Specification No. 2518. The air brakes are cested
according to current AAR requirements, including the actual brake shoe Zorce
readings. The railcar is equipped with an AAR Model 1980 hand brake with
9/16-inch BBB quality straight link chain and lube fittings, and an AAR approved
automatic double acting slack adjuster. The brake fittings are schedule 80 with
single gasket flange type socket welded fittings. The pipe clamps are split

type wedge/base design and the brake pins are case hardened steel.

B.1.5.2 QOperational Description

The railcar will be operated and maintained in accordance with the Qffice and‘

Fi Manual of the A.R ercha Rules and any additional DOE requirements.
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B.1.6 Other 140-8 Auxiliary Equipment ‘

3.1.6.1 Cask Seal Surface Protector Device

This device is installed on the cask prior to loading fuel underwater. This
protects the cask seal surface from damage during fuel loading. It will be

designed during final design.

B.1.6.2 (Cask leak Detecting Equipment

The cask leak detection equipment for both "Assembly Verification and aAnnual

Test" will be identified during final design.

B.1.6.3 Cask Vacuum Drying Equjipment ‘

The cask vacuum drying system will be a single system connected to the vent port

and will be designed during final design.

B.1.6.4 Drajining and Inert Cask FEquipment

This equipment will be identified in detail in the Cask Operating Manual and

will be furnished by each loading site.

B.1.6.5 (Cask Lid Bolt Torque Wrench System

This system will consist of two air operated Torque Wrenches with a reaction
system. This system will be supported by a beam which will be supported by a
auxiliary crane. The beam has the air supply for each wrench and can roctate

about the crane hook. The wrenches are hung at each end of the beam. A load ’
equalizer is used to support the weight of the wrenches. A flexible hose

(Nycoil) is used between each wrench and beam. This type of wrench system has
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been used on our IF-300 for 12 years. This system will be designed in the final

design phase.

3.1.6.6 Other Special Cask Handling Equipment

This equipment will be identified during final design phase and will be included

in the Cask Operating Manual.
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Appendix B.1.7

Structural Verification Calculations
for the
140-B Cask Critical Lift Fixture

B.1.7.1 Description
B.1.7.2 Geometry
B.1.7.3 Main Beam Bending
B.1.7.4 Pin Sizes
B.1.7.5 Pin Hole Doublers
B.1.7.6 Main Beam Minimum Geomectry
B.1.7.7 Trunnion Stirrups
‘ B.1.7.8 Lid Lifting Systems
B.1.7.9 Fixture Weight Estimates
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B.1.7.1 Description

This section covers the structural analysis of a single load path critical 1liftc
fixture made of ASTM-A538 maraging steel per the requirements of ANSI N14.6
(Reference 1). This is the lightest type of critical lift fixrture for the cask.
It is designed to meet the hook weight and hook height limitations of the OCRWM

requirements.

There is no standard crane hook used in all the power plants where zhe 140-B
cask might be operated. Therefore, the fixture configuration presented herein
is intended only to show the feasibility of building a satisfactory lifting
device and to allow the estimation of its weight. Each power plant may require
_some amount of customizing of the hook attachment area depending on the crane
hook in use at the particular plant. Such modifications can easily be done for
either a single or duplex hook.

The fixture consists of a single pair of parallel beams (1) (see Figure B.1.1-1, .
Section B.1.1) and stirrups (2) for connecting to the cask trunnions. The
stirrups are pneumatically actuated for remote operation. The fixture also
includes equipment (5,6,7) for removing and replacing the cask lid in the fuel
pool. Alignment fixtures will have to be attached to the cask prior to the

removal/replacement operations.

Other configurations and materials were considered for the lifting fixture. A
dual load path system was designed which consisted of two pairs of some what
lighter parallel beams. The result was heavier than the single load path
version. The use of ASTM A-537 steel was also considered for both the single
and double load path configurationms. Since the ASTM A-537 steel has a
significantly lower strength than the ASTM A-538 the fixtures built with the
ASTM A-537 will be heavier than the those built with ASTM A-538 (see Table
B.1.1-1, Section B.1.1.4.1).

B.1.7.2 Geometry .

See Figure B.1.1-1, Section B.1.1
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B.1.7.3 Main Beam Bending
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NuPac 140-B Cask PDR

Main Beam Bending (continued)
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8.1.7.3 Main Beam Bending (continued)
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3.1.7.3 Main Beam Bending (continued)
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3.1.7.4 Pin Sizes
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3.1.7.4 Pin Sizes (continued)
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3.1.7.5 Pin Hole Doublers
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3.1.7.5 Pin Hole Doublers (continued)
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B.1.7.5 Pin Hole Doublers (continued)
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B.1.7.6 Main Beam Minimum Geometry
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B.1.7.7 Trunnion Stirxr.:os
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B.1.7.7 Trunnion Stirrups (continued)
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3.1.7.8 Lid Lifting System

The lid lifting system (parts 5,6,7 - Figure B.l1.1.1) provides a means of
attaching cthe cask 1lid to the critical cask lifting fixcture. This is
accomplished by running 3 bolts (7) down through the bracket depicted below on
cthe Lift fixture and into threaded hole in the lid. The lid is unbol:zed from
the cask but still in place and sealing the cask. The cask is then lifzed inco
the fuel pool and the lifting fixture is released from the cask trunnions. “hen
the lifting fixture is withdrawn from the cask, the lid is alsoc withdrawn. The

cask is then open to receive fuel rods.

The 1id lift system is an integral part of the cask lifting fixture and musctc be

coordinated with the cask lid design to assure the proper bolt hole alignmenc.
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3.1.7.8 Lid Lifting System {(continued)
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B ..7.8 Lid Lifring System (continued)
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8.1.7.8 Lid Lifting System (continued)
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3.1.7.8 Lid Lifting System (continued)
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3.1.7.8 Lid Lifting System (continued)
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38.1.7.9 rFixture Weight Estimates

WEI/SHT OF A525 A/ X7 LRE

(Z) ng /é /(.70 X25x E—/-p (?l-dey*/iY@](z 9‘/ 2:/ - ’/5#. LAS
;@)72»?/—’26 "/_X4X?3](zr4 xz) - 20/
@) brrr s = [rx#x 727 286 x 2) - JéS
EQ) 518" HoeEs = _/—%. LAY /,:z:‘]ng:x 2) = - 3

[z) 28 HoeEs = -[g-' 3.8 Y7+ :z:)J( 2géxz) > -

| Bx b srircausas = /.5 x12//, 28¢ % 9 -

(é) 2 7 Zf X’/‘ja(.z x ) - -,

(Fz) /3x20 %% snER= [1ixzaxi ] ( rec x2) = e

(8) 4 x10%,0 P8R = [10%x 5] (25¢>8) = /I

&) Hxs8 oar [gz %3757 (206 x8)

»"
N\
N

(4)57‘/4?(10' Eyes < —- - ’4) (7"‘9{](/ . 22(x4) = 74
l@-)ff/ixyf Legs = [ L7 xJK(]( 28¢ x4 s 3/
((2)”"”” Fwos [I(/z’z 27457 (28 % 2) s 27
I‘(z) S5 Fus 3[‘255 )(/?‘76&{5)(5) = 245"
(2 3.5 Prus :[g:.!’"'x/{‘](z?gxz> = 92
// 72 ’
AP /075 For WELDS Fre /, 90,
AT AZTR S ~ 200,
7 7AL s 2./00,

B.1.7-22



~

NuPac 140-B Cask PDR - Rev. I, April I5..

B.1.7.9 Fixture Weight Estimates (continued)
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. ' Appendix B.1.8

Structural Verification Calculations for the

140-B Cask Transport Tiedown System

B.1.8.1 Description

B.1.8.2 Geometry

B.1.8.3 Longitudinal Cradle Analysis
B.1.8.4 Longitudinal Attachment to Rail Car
B.1.8.5 Lateral Cradle Analysis

B.1.8.6 Lateral Attachment to Rail Car
B.1.8.7 Lateral Torque Box Analysis

B.1.8.8 Lateral Natural Frequency of cask/Cradle
B.1.8.9 Vertical Cradle Analysis

B.1.8.10 Vertical Attachment to Rail Car
B.1.8.11 Intermodal (Horizontal) Lift
B.1.8.12 Tiedown System Weight

B.1.8.13 Rail Car Interface Loads
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B.1.8.1 Description ’

T :radle is a welded steel beam and plate space frame that is bolted to the
railcar or barge deck. It provides support and restraint for the cask/impacct
limiter assembly during transport and functions as a lift fixture during the
intermodal transfer process. It is also designed to facilitate the cask

breakaway from the railcar during an accident.

The cradle is made of welded ASTM A-538, T-250 maraging steel olate (Ref. 7,
Section B.1.1.4.5).

Four cradle lug pockets in th: upper corners or the frame support the cask.
these pockets grip the cask lugs so as to provide radial tensile capabilities
as well as vertical and longitudinal restraints. Clamps are used to hold the

lugs in the pockets during transport.

The cradle is bolted to the car deck. two longitudinal bolts restrain the cradle’
in each longitudinal direction. These bolts are attached to blocks which bear
on the inside corners of the cradle base beams. These blocks do not exert any

lateral of vertical restraint.

Lateral restraint comes from a li; on the edge of the car deck, which bears on

the side of the cradle base and prevents it from sliding laterally.
Vertical restraint is provided by four bolts in the corners of the cradle base.

These resist all vertical forces which are created by vertical up loads on the

cask and lateral or longitudinal loads due to overturning.
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B.1.8.2 Geometry
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B.1.8.2 Geometry (continued) ‘
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‘ 8.1.8.3 Longitudinal Cradle Analysis

This section covers the column buckling and axial stress in che beams. Ths

members are assumed :to have pinned ends.
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3.1.8.3 Longitudinal Cradle Analvsis (continued)
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‘ B.1.8.3 Longitudinal Cradle Analysis (continued)
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B.1.8.3 Longitudinal Cradle Analysis (continued)
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B.1.8.3 Longitudinal Cradle Analysis (continued)
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3.1.8.4 Longitudinal Attachment to Rail Car .
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. B.1.8.4 Longitudinal Attachment to Rail Car (continued)
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B.1.8.5 Lateral Cradle Analysis

This analysis was done using the ANSYS model CRDLO510. The basic frame of the
bulkhead is modeled per the preliminary design. The pocket and tiedown bolt

attachment areas will be defined and modeled in final design.

The result’ng displacements and web plate stresses are shown in the following

computers plots. A listing of the input file and plots of the nodes and elements

are included.

The maximum stress intensity of the web is 144.0 ksi. The maximum principal

stress in the flanges is 131.4 ksi. These maximums exclude the pocket and

tiedown bolt areas.
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‘ B.1.8.5 Lateral Cradle Analysis (continued)

148-B CASK CRADLE,5-18-89B
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B.1.8.5

Lateral Cradle Analysis

(continued)

140-B CASK CRADLE,5-10-89B
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B.1.8.5

Lateral Cradle Analysis (continued)
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B.1.8.5 Lateral Cradle Analysis (continued)

Amone, , , 100,100
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N.22.20,77, 168

FILL,128,22,3,19,1

%,25,20,97, 144

FILL

%,27,20,107, 144

FItL

LOCAL,11,1,0,105,100,0,-9Q

N,93,40,-11.537,20
N,96,60,-33,1113,20
FILL

n,112,40, - 146.887,20
FlLL
",113,40,-168.443,20
FILL

csvs * REACTIVATES GLOBAL SYSTEM

n,61,20,107,58
¥,63,20,97,58

L
FIte,1,61,1,32,.3,1
FILL,6,96,2,36,30,21,1
¥,85,20,97,142
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B.1.8.5

REAL,28
£,3.33
€.33,63
£,93,9
SCEN,7,1, -1
€,100,101
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£,10,40
EGENM,3,30, -1
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Lateral Cradle Analysis (continued)
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NuPac 140-B Cask PDR Rev. 1, April 1990
B.1.8.5 Lateral Cradle Analysis (continued)
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‘ B.1.8.5 Lateral Cradle Analysis (continued)
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3.1.8.6 Lateral Attachmentc to Rail Car
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B.1.8.6 Lateral Attachment to Rail Car (continued)
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NuPac 140-B Cask PDR

B.1.8.6 Lateral Attachment to Rail Car (continued)
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. B.1.8.6 Lateral Attachment to Rail Car (continued)
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Section B.1 Auxiliary Equipment

B.1.8.7 Lateral Torque Box Analysis

Scope - The real lateral breakaway will be a sequential failure of the bolt
at one end and then the second bolt at the other end. The cradle must have
sufficient torsional stiffness to prevent the cradle from twisting after the
first bolt breaks and damaging the cask before the second bolt breaks. This is
done by connection the 2 end bulkheads with a torque box. The box must be strong
enough to transmit sufficient torque to break the second bolt without having

the box yield.
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B.1.8.7 Lateral Torgque Box Analysis (continued)
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B.1.8.8 Lateral Natural Frequency of Cask/Cradle ‘
Scope - The section estimates the natural roll frequency of the cask/cradle
system. The mounting base of the cradle is assumed to be rigid. The rotational

-

neglected. This analysis is based on the lateral

for the ANSYS run of CRDL0O719, 7-26-89A.%

moment of interim 1is

displacement of the cask C.G.

UZ;5, (CA9K GG )= 4227 AT 13- = S5t

/ 326,
J— _ﬁ- = m—f—r = 4; g
7(;7 =z fft 2y 4217 — ¢

CRDLO719 is the same model as CRDL0O510 except for the acceleration locading

vs. the force load.
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B.1.8.9 Vertical Cradle Analysis

Scope - Neither the vertical up or vertical down load provide a governing case
for the cradle. The cross sectional area is much larger than what is required

for vertical support. However, the final design should be checked for buckling
during the vertical down load case.
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B.1.8.10 Vertical Attachment to Rail Car ‘

Scope - This section covers the clamps which hold the cask lugs in the cradle
pockets. The clamp blocks are bolted down against the lugs to provide a vertical
down preload. This retains the lug in the pocket during vertical up and radial

inward loads.

After loosening the bolts the clamps can be swung outboard out of the way during

the cask operations,

The clamp blocks are attached to the lower tiedown straps. The straps are pinned
between the cradle and the car deck such that they are released during a
breakaway. Thus the clamp blocks are released and the cask is free of the cradle

assembly.

The upper and lower surfaces of the lugs are longitudinal cylindrical curves.
This is to create a surface such that the pocket/clamp block can pull radially‘
outward on the lug. It also provides a centering effect to diminish to dubbing
between mating surfaces during transport. The curves eliminate sharp corners

which might cause fatigue problems.
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‘ B 1.8.10 Vertical Attachment to Rail Car (continued)
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B.1.8.10 Vertical Attachment to Rail Car (continued) ‘
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‘ B.1.8.10 Vertical Attachment to Rail Car {continued)
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B.1.8.10 Vertical Attachment to Rail Car (continued)

Loads

Longitudinal and vertical down loads will be carried by the cradle pocketr and
will not affect the lug clamp assembly. The maximum lateral load is assumed to
the 1/4 Fz on each pocket. The picket will carry the leading lug in bearing
while the clamp and pocket will resist the trailing lug's tendency to pull out

of the pocket. The assumed maximum lateral load is 3.0 g's.

7 (220) | -
L = —l STK PER  LocKET
£ Z LTI

Vertical up loads will be carried by the clamp assembly.

‘79 - 4(2’?4/4’)(‘:%)(/'/) = 247 Kim /ZR /5(:(’%7'
= L Ll
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B.1.8.10 Vertical Attachment to Rail Car (continued)
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B.1.8.10 Vertical Attachment to Rail Car (continued) '
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‘ B.1.8.10 Vertical Attachment to Rail Car (continued)
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82 ..8.10 Vertical Attachment to Rail Car (continued)
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. B.1.8.10 Vertical Attachment to Rail Car (continued)
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B.1.8.11 Intermodal (Horizontal) Lift ‘

Scope - During an Intermodal Transfer the cask with impact limiters is to be
picked up in a horizontal attitude from the railcar and set on the barge deck
(or vice versa). It is intended to use the cradle as a lifting fixture for this
purpose. Lifting lugs are to be added to the corners of the cradle for this
purpose. A lifting beam with load eveners on it will be used to provide uniform
and vertical loads on each lug during a normal lift. Thus the cradle members

involved in the lift must be acceptable for ANSI N14.6.
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‘ B.1.8.11 1Intermodal (Horizontal) Lift - (continued)

GELTE TR

=

A LIFT7T BEAL

0 ‘
? i g

W 4 ,4-—-]
u

FrEvse CEA% (2)

WHRE SLINGS [4)

CrAPLE L7 Luss (3)

B.1.8-39



NuPac 140-B Cask PDR Rev. 1, April 1990

B.1.8.11 Intermodal (Horizontal) Lift - (continued) ‘

Loads - To comply with ANSI N14.6 factors of safety of 3.0 on vield and 5.0 on

ultimate must be used.
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B.1.8.11 Intermodal (Horizontal) Lift (continued)
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B.1.8.11 Intermodal (Horizontal) Life (continued) .
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B.1.8.12 Tiedown System Weight

This section contains an estimate of the weight and center of gravity of the
tiedown system components. The major components are the cradle, the cask tiedown

clamps and the cradle tiedown bolts and blocks.

The weight and location of most of the components are determined by hand
calculations. But the end cradle bulkheads were weighed and the CG determined
using the ANSYS Model CRDLO510 (which is the same as CRD10510 used for the stress

analysis except for the appropriate loading changes).

10% is added to the calculated weights to cover contingencies,
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B.1.8.12 Tiedown System Weight (continued)

KEsLTs OF THEANSVE Kuns O CR2LEZ/ P,
7-26-2928 wrrm Ao =£o_?_é_‘, rEc?
Jo OETER Az sk Sl CG.
OF Lut oAl STDPLL .

NEARACTION fORCES

NOOE Ay f=

——————

)35 404.‘:* -
)39  —408.8 SIT T = Likso W

MPES /TR Ao /55 Aps 40.7 AL

VT2 .
= 29.7 gpovE CAR PECK

PR a2
ES5 5

B.1.8-44

Rev. 1, April 1990



NuPac 140-B Cask PDR Rev. 1, April 1990
B.1.8.12 Tiedown System Weight (continued)
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NuPac 140-B Cask PDR

B.1.8.12 Tiedown System Weight (continued)
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B.1.8.12 Tiedown System Weight (continued)

Vertical Tiedown Bolt

The total length of these bolts is a function of the rail car design and is,

thus not yet defined. So the rail car member height is assumed to be equal o

the 6" height of the cradle cross beam.
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B.1.8.12 Tiedown System Weight (continued) ‘
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‘ B.1.8.13 Rail Car Interface Loads
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B.1.8.13 Rail Car Interface Loads (continued) ‘

- (I EGITL LA L OALS

X = z.’/' Fx = /ﬁ’;% L. 20 tues ///A/ﬁ'//"#i//%f( !447)
/p,u;/mﬂ/ﬂd;
A Tl /i;?{z;" /"a"z”’:_/"’”(imn 2
A7 2 L A ( st Four
% =1 fx Toar = L8 N = _FeS ks (VERT l{)

B.1.8-50



NuPac 140-B cask PDR

Rev. 1, April 1990

B.1.8.13 Rail car Interface Loads (continued)
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B.1.8.13 Rail Car Interface Loads (continued) '
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INTRODUCTION AND SUMMARY

The polyurethane impact limiters planned for the 100 Ton 140-B
rail/barge cask being designed by NuPac are similar in forn
to those on the successfully licensed NuPac 125-B transport
cask. The maximum temperatures of the 125-B impact limiters
only ranged from 100° F to 135° F through their thickness. The
140-B cask will carry a paylocad that has to dissipate
significantly more heat than the 125-B cask; around 13000
watts versus 700 watts. Thus, as predicted from detailed
finite element thermal analyses, the maximum temperatures of
the 140-B impact limiters will range, from 130° F on the
outside to 270° F on the inside adjacent to the cask body.

In order to determine foam energy absorbing capability and
corresponding impact limiter foam thickness and density re-
qguirements, accurate details of the foam stress/strain
structural characteristics must be known. For the 125-B cask,
NuPac had extensive tests performed to characterize the
General Plastics FR-3700 formulation of foam. The test
temperatures ranged from -20° F to 180° F, and the densities
ranged from 5 to 25 1lb/cubic ft. The testing described herein
represents an extension of 125-B data to temperatures as high
as 300° F. The density range remains the same along with the

foam formulation; namely, the General Plastics FR- 3700.

The local structural capability of foam on the inside of the
impact limiter adjacent to the cask is less than that on the
outside because inside temperatures are significantly higher.
Thus, a composite foam structure with lower density on the
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‘outside and higher on the inside would, in theory, compensate.

Composite samples were tested at -20° F. and 75° F.

Finally, thermal conductivity data are presented in order to
confirm the above mentioned analytically predicted impact
limiter foam temperature distribution. Values of thermal
conductivity are presented for 175° F and 275° F mean
temperatures, for densities of 15 and 25 lb/cubic ft, and for
the FR-3700 formulation.

Sufficient high temperature thermal and structural data have
been obtained to properly design the polyurethane foam impact
absorbing material planned for the NuPac 140-B cask impact
limiters. Further testing is not recommended.

Verification of the structural performance of a composite
laminated impact 1limiter foam design has been obtained. ’
However, more testing would be required to optimize the
concept. Such testing is not felt to be necessary because
current analyses show that a constant density foam will be
satisfactory.

Except for cold -20°F analyses to determine maximum inertia
loads, application of the compressive stress vs. strain data
presented herein will require interpolation for impact limiter
design applications.
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2.0 DISCUSSION OF TESTING

The tests described in this report were conducted using, as
a guideline, NuPac PQT-0007-NP, Rev. 1, which may be con-
sidered an extension of the 1985/1986 test program conducted
at temperatures of -20, 75, 100, 140, and 180° F. In the
current test series the same five foam densities were tested
at 75, 220, 260, and 300° F, the 75° F series acting as a

control.
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Overall Methodology

The overall test methodology, parameters for foam density,

temperature, strain rate, configuration and number ©of

specimens, were defined in test procedure, NuPac PQT-0007-NP

(see APPENDIX A). The significant aspects are given below.

A.

Sets of FR-3700 foam samples consisting of five different
densities (5,10,15,20, & 25 lb/cubic ft, nominal) were
tested in compression to 80 % strain. The specimens were
taken from full size production pours, representative of
the pour sizes commonly used in impact limiters and
overpacks for nuclear materials shipping containers.

Each foam density was tested in compression per ASTM
D-1621, with exception of specimen size and strain rate. ‘

Test were performed at five different temperatures.

Three (3) test specimen samples of each foam density were
tested at each temperature both perpendicular and
parallel to the direction of foam rise.

The compressive strain rate for all tests in this series
was 0.20 inches per inch (of foam test specimen) per
minute. This compared with a 0.10 inches per inch (of
foam test specimen) per minute used in the 1985 test
series. The higher strain rate was chosen to reduce
specimen cool down while testing. The effects of the
higher strain-rate were found to be negligible.
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Specimens size (+/- 0.01 inch)

FR-3700
Foam Density 5.0 lbs/ft’

3.000 x 3.000 x 1.000

FR-3700

Foam Density 10.0 lbs/ft’

o

3.000 x 3.000 x 1.000

FR-3700
Foam Density 15.0 lbs/ft’

1.500 x 1.500 x 1.000

FR-3700

Foam Density 20.0 lbs/ft’

(@}

1.000 x 1.000 x 1.000

FR-3700
Foam Density 25.

(@]

lbs/ft’
3.000 x 3.000 x 1.000

The load was applied to the specimens parallel to the
one inch dimension.
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Thickness recovery: After unloading, the specimen
thickness was monitored using a dial indicator.
Measurements were taken at 5,10,15 and 24 minutes fronm
time of unloading. Typical thickness recovery data are
given in the upper left hand section of the composite

stress vs. strain plots included in APPENDIX D.
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Test Equipment

The tests were conducted cn an Instron Universal testing
machine. Stress measurements were made using a 20,000 1lb
Instron reversible load cell. Strain measurements were made
with an L.V.D.T. electronic instrument utilizing AC
excitation. Phase shift discriminated input was used with
both transducers to eliminate possible DC interference.

Specimen temperature was obtained by heating or cooling the
specimen in a steel "thermal box", a thick insulated steel
container with a floating steel 1lid and a large thermal mass.
The "thermal box" containing the specimen was placed in an
oven maintained at the appropriate test temperature. The
specimens were tested while still inside their '"thermal
boxes", which allowed their temperature to be maintained in
the proper range throughout the test. See Table 2.1 below.
Chromel/Alumel, type K, thermocouples peened into the "thermal
box" bottom surfaces were used to record the "worst case"
specimen temperature, which was the temperature of the metal
in contact with the specimen surfaces.

All test/measuring equipment used during the performance of
these tests were calibrated in accordance with the
requirements contained in ASTM E-4 and/or MIL-STD-45662.
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2.3 Test Temperatures

Table 2.1 below shows typical specimen '"thermal box"
temperature measurements which were monitored during the high
temperature testing. It should be noted that the internal
specimen temperature will change even less than the recorded
specimen surface temperature. The temperatures were recorded
at 10 % deflection intervals and a test of one specimen
typically takes four minutes.

TABLE 2.1 Typical Foam Specimen Surface Temperature at
Indicated Strain

Nominal ‘

Temp (°F) 10%¥ 20% 30% 40% 50% 60% 70%  80%
75 75 75 75 75 75 75 75 75
220 219 218 218 217 217 216 215 215
260 261 260 259 258 257 256 254 253
300 298 297 296 295 294 293 291 290
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2.4

Data Reduction

Compressive strength of rigid urethane foam at a given
temperature, direction of foam rise, strain and strain rate
is a function of the foam formulation and density. As all

tests were conducted on the same formulation and at the same

strain rate, compressive strength may be considered to be a
function of density, temperature and direction of foam rise
only.

The test data for each temperature condition and direction of
foam rise was analyzed by computing a linear regression of
stress vs. strain at the following strain intervals:

As the regression line is a power curve of the form Y = ax’,

the logarithms of both the densities and the compressive
strengths were taken, and a "line of best fit" for the
following equality was computed.

log ¥, =loga + b log x
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where: Y, = Compressive strength in PSI at

strain e

foam density in lb/cubic ft (PCF)
the Y-intercept of the regression

line

o
i

the slope of the regression line

The antilog of the Y-intercept was then taken and the equation

b

expressed as: Y, = ax

#
The deviation in PSI and the deviation in percent of the
actual test data above or below the regression line was

computed for each data point. Using the percent deviations
calculated for each data point, the coefficient of variation
was calculated for each regression line. These calculations
were performed for 100 regression lines using the data from
15 compressive strength tests and their 15 corresponding
densities for each line.

The method of fitting yield strength data as a power function
of the foam density is commonly used in aerospace foan
specifications. Extension of this method to strains beyond
the foam yield point has been verified by NuPac on various
cask projects including the 125-B. The resulting data were
plotted as will be subsequently described in Section 3.1.

10
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RESULTS

results are presented in this section for the following:

Compressive strength vs. density and temperature for
constant density foam samples at high temperature.

Compressive strength vs. temperature for composite
density laminated (adhesively bonded) and non-laminated

(no adhesive) foam samples at low temperature.

Thermal conductivity vs. density and temperature for
constant density foam samples at high temperature.

11
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3.1 Basic Compressive Strength

APPENDIX B contains plots and corresponding tabulated data for
all high temperature foam compressive strength data obtained
in this program. The data consists of ten plots and ten
corresponding tables. Each plot and corresponding table gives
stress vs. strain data for four temperatures; namely, 75, 220,
260, & 300 °F. The relative high valued 80 % stress/strain
data are given only in the tables because their inclusion in
the plots would have resulted in readability problems. The
first five plots and tables are for test results perpendicular
to the foam rise, and the remaining are for results parallel
to the rise. To obtain stress data between zero strain and 10
% strain, multiply the stress value at 10 % strain (the yield
stress) from the plots or tables by the appropriate factor
given in Table 3.1 below. .
Table 3.1 Factors To Be Used To Obtain Compressive Stress
Values Between Zero And 10 % Strain

Foam Density (PCF)

Percent 5 10 15 20 25
strain - - — - -
Zero % 0 0 0 0 0
3T0 7 % 1.24 1.12 1.00 1.00 1.00
10 % 1.00 1.00 1.00 1.00 1.00

, |
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The above factors were derived from the raw test data. They
will result in conservative values to be wutilized with
computer codes that compute quasi-static or dynamic inertia
loads transmitted to the cask via the impact limiter shock
absorbers.

APPENDIX C contains plots that compare room temperature data
from 1985 (the OLD) with 1989 (the NEW). These data were
obtained for control purposes, in order to assure that the
FR-3700 foam formulation utilized in 1985 and 1989 showed
essentially the same stress vs. strain performance. The slight
differences shown are to be expected according to the foam
manufacturer. Thus, the FR-3700 formulation utilized in the
1989 or current test series gives essentially the same stress

vs. strain performance as that utilized in 1985.
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3.2 Composite Compressive Strength

APPENDIX D contains stress vs. strain data obtained from
composite foam specimens. The composite design consists of
three layers of foam; first layer has density equal 15 PCF;
middle layer has density equal 20 PCF; and the third layer has
density equal 25 PCF. Of the total thickness, 40% consists of
15 PCF, 40 % consists of 20 PCF, and 20 % consists of 25 PCF.
In actual application, the 25 PCF layer will be on the impact
limiter side adjacent to the cask.

The composite design substantially reduces inertia loads
transmitted to the cask (on the order of 35 %) when compared
with an equivalent constant density design. Furthermore, the
composite design maintains foam strength within the limiter

at regions adjacent to the cask equal to or higher than‘
external regions that first get crushed. The constant density
design is weaker under nearly all environmental conditions in
regions of the impact limiter adjacent to the cask.

Eight characteristic curves of stress vs. strain are presented
for the composite design specimens at room temperature or
75°F. The first four represent foam sections taken
perpendicular to the rise and the other four parallel to the
rise. Two specimens were not laminated or glued together, and
show that the effects of lamination are negligible.

Six characteristic curves of stress vs. strain are presented

for the composite design specimens at =-20°F. Three specimens
represent foam sections taken perpendicular to the rise and

y |



NuPac 140-B PDR Rev. 1 September 1989
. Report No. IL-001-NP

the other three parallel to the rise. All specimens tested at
-20°F were laminated. Actual test data for the above are

tabulated at the end of the appendix.

Typical thickness recovery data are given in the upper left
hand section of each plot listed in APPENDIX D. These data
are included for information only since they are not utilized

in design applications.
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3.3 Thermal Conductivity

Thermal conductivity testing was conducted for 15 PCF and 25
PCF foam density specimens in accordance with ASTM C-177 at
mean temperatures of 175 and 275 °F. The results are presented
in Table 3.2 below. The testing was performed by GEOSCIENCE
LTD.

Table 3.2 High Temperature Foam Thermal Conductivity
Test Results For Formulation FR-3700

Foam Density Thermal Conductivity
(1lb/cu-f£ft) (Btu/ ft-hr-°F)
175° F (mean) 275° F (mean)
15 PCF 0.0182 0.0270
25 PCF 0.0172 0.0270

y |
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4.0 CONCLUDING REMARKS

A. Sufficient high temperature thermal and structural data
have been obtained to properly design the polyurethane
foam impact absorbing material planned for the NuPac
140-B cask 1impact 1limiters. Further testing is not

recommended.

B. Verification of the the structural performance of a
composite laminated impact limiter foam design has been
obtained. However more testing would be required to
optimize the different laminated densities and
corresponding thicknesses. 1Initial discussions with the
foam manufacturer, General Plastics, have been positive

with respect to fabrication feasibility of a composite

’ foam impact limiter.

C. Except for cold =-20°F analyses to determine maximum
inertia loads, application of the compressive stress vs.
strain data presented herein will require interpolation.
For hot conditions with large temperature gradients
throughout the foam, stress vs. strain characteristics
will be determined entirely by interpolation based on the

guiding analytically determined temperature profiles.

17
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APPENDIX A

Copy of NUPAC PQT-0007-NP, '"Performance Test Procedure
For 140-B Impact Limiter Foam High Temperature Struct-
ural Performance Test Plan"
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1.0

2.0

3.0

SCOPE

This procedure presents the requirements for compressive
strength tests on the polyurethane foam formulation planned
for the impact limiters for the 140-B transportation cask.
The formulation planned is the General Plastics FR-3700.
The testing shall follow the general guidelines specified in
ASTM-D-1621. The primary goal of the testing is characteri-
zation of the foam stress/strain performance f{rom zero to
30% strain for temperatures from 180°F to 300°F. Foam
densities from 5 PCF to 25 PCF shall be tested.

In addition, a few samples may be tested to obtain thermal
conductivity values per the general guidelines specified in
ASTM-C-177. The corresponding mean temperatures will be
chosen ocetween 75°F and 300°F. Additional application and
foam improvement compressive strength testing may be
performed. All testing in this paragraph shall be optional
and performed as deemed appropriate by the cognizant NuPac
engineer.

REFERENCES

2.1 ASTM-D-1621, Compressive Properties OQOf Rigid Cellular
Plastics, 1973 or latter Edition.

2.2 ASTM-C-177, Steady State Heat Flux Measurements And
Thermal Transmission Properties By Means Of The
Guarded-Hot-Plate Apparatus, 1985 or latter Edition.

REQUIREMENTS

3.1 A suitable compression testing machine capable of
operating at a constant rate of motion of the movable
crosshead. The rate of .crosshead movement shall be 0.2
+/-0.01 inches per minute per inch of specimen thick-
ness. This increased speed has been found to be
negligible and is needed to reduce sample cooling
effects.

3.2 A load-indicating mechanism that will permit measure-
ments to a precision of +/-1%.

3.3 A deformation-indicating mechanism that will permit
measurements to a precision of +/-0.1l%.

3.3 A micrometer dial gage, caliper, or steel rule,
suitable for measuring dimensions of the specimens to
+/-1%.
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3.4

3.6

3.8

3.9

3.10

3.11

One hundred twenty foam specimens ranging in size
nominally 3 inches by 3 inches to 1 inch by 1 inch
square and all 1 inch thick. Six specimens for each of
five densities, namely 5, 10, 15, 20, % 25 PCF (lbs per
cu ft) with a tolerance of +/-20%. Specimens shall bpe
permanently marked or tagged to indicate the foam rise
direction and density. :

At each density, three of the six specimens are to
be taken perpendicular to the rise, and the other
three to be taken parallel to the rise all from typ-
full size production pours.

A thermal conditioning oven and foam fixture of rela-
tively large thermal mass for minimizing specimen
cooling during the four minute tests will be utilized.

The cooling rate of the foam specimens shall average
less than 5°F per minute overall for typical four
minute compressive tests.

Temperature monitoring equlpment capable of measuring
test requirements with a precision of +/-5°F shall be
utilized.

A stress/strain measuring plotter capable of recording
the corresponding test data with sufficient resolution
to produce meaningful results; namely, repeatable
stress values with a precision of +/-1% of indicated
stress.

Guarded-Hot-Plate apparatus shall be required that
corresponds with the requirements of ASTM-C-177.

Four foam specimens will be required for four thermal
conductivity tests per ASTM-C-177. Foam densities to be
tested shall be 15 and 25 PCF +/-20%. Nominal mean tem-
peratures shall be 275°F & 175°F. The same foam
specimens shall be tested at both mean temperature
levels. Nominal specimen size shall be 10 inch
diameter by 1 inch thick. Specimens shall be
permanently marked or tagged to indicate the foam rise
direction and density in order to meet requirements of
paragraph 4.3.2.

All test/measuring equipment used for the testing des-
cribed herein shall be calibrated to National Bureau of
Standards (traceable standards per ASTM=-4 and/or MIL-
STD-45662). The serial numbers and the dates of next
and last calibration of all test/measuring equipment
shall be recorded, verified and presented with
corresponding data results in the final report
mentioned in section 4.2.5.

4.0 PROCEDURE
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4.1

Testing conducted per this procedure shall £fcllcw the
general guidelines of ASTM-D-1621 and ASTH-C-177.
Deviations £from the above two procedures are allowed
for practical reasons. The requirements of this proce-
dure ta2ke precedence over requirements of the two ASTM
test rrocedures; however, any other significant devia-
tions shall bhe listed below and approved by the NuPac
cognizant engineer before proceeding with the tests.
Any deviations from the requirements of this procedure
shall be brought to the attention of the cognizant
NuPac engineer by listing them in the non-conformance
section 4.1.3. Disposition and approval shall bhe
recorded by the cognizant NuPac engineer with QA
concurrence,

4.1.1 Significant Deviations From ASTM-D-1621

Cognizant Engineer Approval Date

4.1.2 Significant Deviations From ASTM-C-177

Cognizant ZEngineer Approval Date

4.1.3 Non-conformance Record

NON-CONFORMANCE
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DISPOSITION

Cognizant Zngineer Approval Date

4.2 Compressive Stress/Strain Testing
4.2.1 Obtain six samples of FR-3700 foam and test per
requirements of section 3.0. Record the
following:
SPL 1 SPL 2 SPL 3 SPL 4 S3PL 5 SPL 6

0 DENSITY

0 START
TEMP

o] FINISH

TEMP _‘
Note: SPLs 1, 2,& 3 perpendicular to rise

SPLs 4, 5,& 6 parallel to rise
-SPL (means Sanple)

4.2.2 Repeat 4.2.1 for densities of S, 10, 15, 20, «
25 PCF +/-20%.

4.2.3 Repeat 4.2.1 at each density specified in 4.2
for temperatures of 75, 220, 260, & 300 DEG
+5/-10 DEG F.

2
F

4.2.4 Produce 120 plots of stress vs strain as shown
in Pigure 1, attached. Record all data,
material, test number, temperature, load, con-
figuration, density, recovery rates, test opera-
tor, and date as shown in Fiqure 1.

4.2.5 Provide preliminary test report including back-
sround, overview, test procedure information,
test equipment and associated calibration veri-
fication dates, data reduction utilizing linear
regression methods, stress/strain plots for each
test including all data mentioned in 4.2.4
above, test observations, conclusions, any non-
conformances per 4.1.3 above, and summary plots
for each density of stress vs strain from zero
to 30% and at the four test temperature levels
of 4.2.3 above.

4
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4.2 Thermal Conductivity Testing
4.3.1 This testing shall be performed if the cognizant
NuP3c engineer deems it appropriate, as men-
tioned in section 1.0 above.
4.3.2 Obtain two samples of FR-3700 foam and test per
requirements of section 3.0. Record the
following:

TOP BOTTOM
SAMPLE SAMPLE

o DENSITY

o TOP PLATE
TEMP

0 BOTTOM PLATE
TEMP

Note: TOP SAMPLE perpendicular to rise
BOTTOM SAMPLE parallel to rise

4.3.3 Repeat 4.3.2 for densities of 15 & 25 PCF +/-
20%.

4.3.4 Repeat 4.3.2 at each density specified in 4.3.3
for nominal mean temperatures of 175 & 275 DEG
F'

4.3.5 Provide preliminary test report listing the
following:

o Thermal conductivity, k = Btu(in)/ (hr) (sqft) (F)
o Thermal resistance, R = (hr) (sqft) (F)/Btu(in)

0 Thickness of specimen as tested, inches

o Density of material as tested, lbs/cu ft

0 Temperature gradient across specimen, DEG F

o Mean temperature of test, DEG F

0 Heat flux through specimen, Btu/(hr) (sqft)

0 Orientation of plane of specimen (rise dir)

o Air temp around guarded-hot-plate during test

o Test date
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o Test equipment calibration data .
o MNBS standard information and % error

4.4 Cptional application and foam improvement testing (details
to be formulated at end of the above test program)
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APPENDIX B

Compressive Stress vs. Strain For Densities From 5 To 25 PCF
And Temperatures at 75° F and 220 To 300° F, Perpendicular And
Parallel To The Foam Rise
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LAST-A-FOAM ® FR-3700
COMPRESSIVE STRENGTH PERPENDICULAR TO RISE
Strength in (PSI)

DENSITY=|{10.00|Lbs/FtA3
STRAIN % 10 20 30 40 50 60 6 5 70 75 80
75 °F 330 333 355 395 474 649 822 1105 1629 2700
220 °F |° 195 196 213 241 285 389 490 664 994 1810
260 °F 150 150 166 190 227 311 393 531 791 1433
300 °F 56 65 79 100 128 185 239 330 509 898
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FR-3700 Comp. Strength Perpendicular to rise
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COMPRESSIVE STRENGTH PERPENDICULAR TO RISE
Strength in (PSI)

LAST-A-FOAM ® FR-3700

DENSITY=|{15.00|Lbs/FtA3
STRAIN % 10 20 30 40 50 60 65 70 75 80
75 °F 698 726 779 873 1081 1538 1990 2701 3964 6584
220 °F 388 403 439 505 611 865 1119 1559 2414 5002
260 °F 291 302 334 386 473 669 867 1203 1868 3920
300 °F 86 112 142 183 243 365 479 677 1108 2061
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COMPRESSIVE STRENGTH PERPENDICULAR TO RISE

LAST-A-FOAM ® FR-3700

Strength in (PSI)

DENSITY=|20.00jLbs/FtA3
STRAIN % 10 20 30 40 50 60 65 70 75 80
75 °F 1186 1262 1361 1533 1940 2837 3726 5091 7449 12392
220 °F 633 671 733 853 1049 1526 2009 2857 4530 10290
260 °F 465 494 548 637 795 1152 1518 2149 3438 8004
300 °F 117 164 214 281 385 590 783 1128 1923 3716
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LAST-A-FOAM ® FR-3700
COMPRESSIVE STRENGTH PERPENDICULAR TO RISE
Strength in (PSI)

DENSITY=|25.00|Lbs/Ft»3
STRAIN % 10 20 30 40 50 60 65 70 75 80
75 °F 1791 1937 2096 2373 3054 4560 6059 832512150 20238
220 °F 924 997 1092 1282 1595 2371 3163 4571 7382 18007
260 °F 670 725 805 941 1191 1757 2346 3371 5517 13925
300 °F 149 222 294 393 549 856 1147 1675 2951 5869

*oN 3xodsy

¥ad g-0%T 24NN

dN-T00-1I

*ADY

686T Iaqusades T



<1 - °

nwuomod-1w

i /2 B«

GENERAL PLASTICS MANUFACTURING COMPANY PO.BOX 9097 TACOMA WA. 98409

FR-3700 Compressive Strength Parallel to rise
Foam Density 5.0 Ibs/ft*3
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LAST-A-FOAM ® FR-3700

COMPRESSIVE STRENGTH PARALLEL TO RISE

Strength in (PSI)

DENSITY=] 5.00jLbs/Ft*3

STRAIN % 10 20 30 40 50 60 65 70 75 80
75 °F 132 114 117 125 136 164 197 240 357 580
220 °F 87 73 75 82 92 105 127 157 213 318
260 °F 67 56 60 67 75 91 110 137 172 251
300 °F 47 37 41 47 56 69 84 107 142 210
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LAST-A-FOAM ® FR-3700

Strength in (PSI)

COMPRESSIVE STRENGTH PARALLEL TO RISE

DENSITY=[10.00]Lbs/FtA3
STRAIN %| 10 20 30 40 50 60 65 70 75 80
75 °F 386 370 391 434 510 681 858 1094 1655 2724
220 °F 235 222 237 265 314 401 506 668 979 1694
260 °F 176 164 180 206 244 334 423 572 775 1353
300 °F 74 78 92 115 147 203 259 353 531 988
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FR-3700 Compressive Strength Parallel to rise
Foam Density 15.0 Ibs/ft*3
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LAST-A-FOAM ® FR-3700
COMPRESSIVE STRENGTH PARALLEL TO RISE

Strength in (PSI)

DENSITY=|15.00|Lbs/Ft»3

STRAIN % 10 20 30 40 50 60 65 70 75 80
75 °F 723 737 792 900 1103 1564 2026 2660 4060 6735
220 °F 422 427 462 527 641 880 1136 1557 2390 4509
260 °F 307 309 342 397 487 714 931 1318 1871 3620
300 °F 97 119 149 192 258 380 501 711 1147 2441
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FR-3700 Compressive Strength Parallel to rise
Foam Density 20.0 Ibs/ft*3
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LAST-A-FOAM ® FR-3700
COMPRESSIVE STRENGTH PARALLEL TO RISE
Strength in (PSI)

DENSITY={20.00]Lbs/FtA3

STRAIN % 10 20 30 40 50 60 65 70 75 80
75 °F 1129 1261 1307 1509 1908 2821 3730 4997 7674 12800
220 °F 639 679 742 857 1066 1538 2016 2841 4504 9032
260 °F 457 483 539 634 794 1224 1629 2383 3496 7279
300 °F 117 161 209 278 386 593 799 1169 1981 4639
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LAST-A-FOAM ® FR-3700
COMPRESSIVE STRENGTH PARALLEL TO RISE
Strength in (PSI)

DENSITY={25.00|Lbs/FtA3

STRAIN % 10 20 30 40 50 60 65 70 756 80

75 °F 1596 1756 1927 2255 2917 4459 5987 8147 12574 21064

220 °F 881 972 1072 1251 1580 2370 3148 4528 7362 15480
260 °F 622 685 767 911 1161 1859 2515 3773 5677 12512
300 °F 135 204 271 369 526 837 1149 1719 3027 7634
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NuPac 140-B PDR Rev. 1 September 1989
‘ Report No. IL-001-NP

APPENDIX C

Stress vs. Strain Comparisons Of 1985 With 1989 FR-3700

Foam Formulations
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NuPac 140-B PDR Rev. 1 September 1989
‘ Report No. IL-001-NP

APPENDIX D

Compressive Stress vs. Strain Data For A Composite Foam
Design At Room Temperature And =-20° F
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Sample Number 108 | 208 | 308 | 40% | 50% | 60% | 65% | 70% | 75% | 60%

* | bonded 510 842 1270 | 1430 | 1200 | 2700 | 3520 | 4870 ) 7410 ] 12300
* 2 honded 590 8en 1240 | 1440 | 1350 | 2605 | 3370 | 4620 | 6910 J 11090
* 3 bonded 705 | 945 1198 ] 1430 | 1880 | 2660 | 3440 | 4760 | 2205 | 11750

‘Average (bended) | 602 | 802 | 1236 | 1450 | 1677 | 2655 | 3443 | 4150 | 7175 11713
# 4 Nonbonded 760 255 |71170 | 1380 | 1805 | 2525 | 3260 | 4460 | 6655 | 11395

Average Composite Density = 19. 14 pc. 1.
Tested Perpendicular to Feam Rise ¢ 75°F

Ssmple Number 10K | 20K | 30% | 40% | 50% | 60% | 65X | 70% | 75% | 80%

# 5 bonded 705 | 225 1330 | 1525 | 1945 | 2660 | 3360 | 4520 | 6620 | 13010
* 6 bonded 655 875 1300 | 1480 ] 1330 | 2600 | 3330 | 4530 | 6760 | 11015
# 7 bonded 675 €8S | 1280 | 1475 | 1945 | 2610 | 3335 ] 4545 | 6790 | 11085

| Average (bonded) | 678 895 | 1303 ] 1493 | 1940 | 2623 | 3342 | 4532 | 6723 |11703
# 8 Nonbonded 660 83% 1220 | 1325 | 1830 | 2440 | 3100 | 4205 | 6240 | 9800

Average Composite Density = 19. 14 pc

Tr ! Parsllel to Foom Rise @ -20°F
Sample Number 10% | 20% | 3¢ 408 | 50K | 60% | 65% 708 | I5% | 80% |
# 9 bonded 800 1290 | 184y | 2145 | 2720 | 3895 | 5035 | 6305 | 9440 | 1« '
# 10 bonded 1030 | 1400 | 1705 | 2060 | 2670 | 3755 | 4770 | 6035 | 9460 |V
* 11 bonded 885 1285 | 1795 | 2080 | 2635 | 3735 | 4785 | 5990 | 8800 | 14254
Average (bended) | 905 | 1325 ]| 1780 | 2095 | 2675 | 3795 | 4863 | 6110 | 9233 16003

Average Composite Density = 19.13 pc.f.
Tested Perpendicular to Foam Rise @ -20°F

IL-001~-NP

NuPac 140-B PDR

Report No.

 Sample Number 10X | 20K | 30 | 40% | 50% | 60X | 65% 708 5% | 80%

# 12 bended 30 1240 | 1975 | 2170 | 2800 | 3385 | 4300 | S57S | 7800 | 13650
# 13 bended 1040 | 1335 | 1960 | 2220 | 200% | 3895 | 4920 | 6540 | 9645 | 16130
# 14 bended 940 1235 | 1860 | 2070 | 2745 | 2600 | 4295 | S300 | 7690 | 13200

Average (bended) | 970 | 1270 | 1932 | 2153 | 28050 | 3627 | 4505 | 5003 | 8378 (14327 |
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1.0 INTRODUCTION

Nuclear Packaging, Inc. (NuPac) is developing a 100-ton Rail/Barge Spent
Fuel Shipping Cask. The project is in direct support of U. S. Department
of Energy (DOE) under Contract Number DE-AC07-88ID12700. The preliminary
cask design, shown in Figure 1, utilizes a large bolted end enclosure lid
with O-ring seals for containment. The purpose of the testing reported
herein was to identify and select an o-ring seal material for the subject
cask during the preliminary design phase, given the following in-service

conditions.

1.1.1 The physical and environmental in-service conditions determined to

be present at the O-ring boundary are

o Max. (Loaded) Service Temperature -- 260°F

o Radiation (Loaded) -- 100 RADS/hr
o Maximum Pressure (External) -- 260 psia

o Maximum Pressure (Internal) -- 315 psia

1.1.2 Nuclear Regulatory Commission (NRC) specification (1l0CFR71) for
radioactive material shipping casks also requires the containment

to be "leaktight" under the following normal and faulted conditions:

o Max. Ambient Temperature = 100°F, Normal Static Loads

o Min. Ambient Temperature = -40°F, Normal Static Loads

o Thermal Fire External Accident Temperature = 30 min. @ 1,475°F,
(calculated as 275°F @ O-ring boundary)

o Max. Ambient Temperature = 100°F, Faulted Dynamic Loads

o Min. Ambient Temperature = -20°F, Faulted Dynamic Loads
1.1.3 The following additional criteria also apply:
o One year continuous at loaded maximum temperature

o Compatible to solutions of deionized water and common decon

solutions
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CASK BODY

PIVOT TRUNNION‘

CASK BODY
TIE~DOWN BOSS

\ LIFT/HANDLING TRUNNIONS
0-RINGS

CLOSURE

\-cx.osum: BOLTS

FIGURE 1

100-Ton Rail/Barge Spent Fuel Shipping Cask ‘

Preliminary Design Configuration

2
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Engineering analyses and design specificactions that presented the most

stringent set of requirements upon the elastomer seal were:

o One vear continuous leaktight static seal at a constant 250°F;

combined with the

o Retained capability that the seal be able to adhere to dvnamic
maximum displaced seal boundary surfaces (faulted accident
conditions) at an associated extreme cold temperature stabilizing

at -20°F.

The temperature extremes of these two conditions are in direct conflict
with each other with respect to normal elastomer property behavior.
Elastomer mechanical properties are usually time and temperature dependenct.
Elastomers subjected to a uéually continuous exposure to high temperacures
have their low temperature performance characteristics altered (usually

degraded) through thermochemical restructuring, Reference (1l).

Given the above design and in-service performance requirements, an
elastomer evaluation and testing program was developed to select a seal
material commensurate with those conditions. The program employed a three-
phase testing and evaluation process, wherein each phase employed more
stringent testing and evaluation requirements than its preceding phase.
The ultimate goal was to establish a candidate material listing from which

the best seal -aterial could be identified.

A logic diagram for the overall selection process is illustrated in Figure
2. The illustration depicts each testing and evaluation phase segmented
from predecessor or subsequent phases. Each subsequent phase is sche-
matically smaller since the available candidate seal population remaining
for more stringent tes:ing and evaluation decreased due to unsatisfactory

performance of some seal materials.

1.3.1 Phase I was the evaluation phase. The scope was to identify
potential candidate o-ring materials that possessed the mechanical.

chemical, and environmental compatible characteristics necessary to
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meet the required technical design and in-service parameters for this

cask. Since numerous candidate elastomer products were available,
the initial candidate selection process employed a weighted rank
screening methodology. Table 1.3 summarizes the results of that
weighted rank screening. Evaluations performed at this screening
were based on reviews of existing elastomer research and technical
papers, interviews with elastomer vendors, elastomer product
literature information and prior NuPac experience with existing

in-service cask seals and actual seal testing data.

1.4 Following the Phase I material screeni a select group of o-ring
materials were subjected to Phase II laboratory testing. The Phase II
tests addressed the general performance parameters of 10CFR71, noted in
paragraph 1.1.2, and were intended to ascertain which of the Phase I
material selections showed the highest probability of maintaining a
leaktight boundary given these general performance conditions. The Phase

I1 testing program consisted of compression set tests, resiliency tests,

and seal leak tests using virgin samples of Phase I identified elastomers.

1.5 Candidate o-ring materials that performed successfully during Phase II were
furcther tested under the Phase III performance criteria requirements.
Phase 11l tests were similar to Phase II tests, except the test samples
were compression set tested at higher temperatures, and the resiliency and
leak tests utilized seal material that had been preconditioned (exposed
to a 300°F high-temperature environment). This conditioning was done to
induce potential thermochemical changes in the sample elastomers prior to
testing (similar to what may be anticipated to occur during the in-service

periods).

The results of the Phase III tests were evaluated according to a
"pass/fail"” rating system. All candidate materials rated as "passing" the
Phase I1I tests were considered as acceptable elastomers for preliminary

design use in the cask system.
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This report addresses physical testing for compression set, resiliency,
and leakage rates only. Other O-ring performance factors (e.g.

impermeability, fatigue, radiation resistance) were evaluated on the basis
of prior research data performed by others.
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JTINTIAL ILASTOMER CANDIDATES

 — NON ACCEPTABLE
_ CANOICATES

\\ PHASE |

MATERIAL SCREENING CF CANDIQATES
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SCREENING
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ERELLMINARY QEILON PACKAGE
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NON ACCEPTARLL
CONF I RMAT 10N CAMDIOATES
TESTS

FIGURE 2

0-Ring Material Testing and Evaluation Logic Diagram
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. TABLE 1.3

Seal Material (Weighted) Screening Selection Summary

Initial Screening Selection of Seal Materials

Material Weighted Rate Rank Compound
Ethelene Propylene 74 1 E529-60
Arctic Nitrile 68 2 AS568-453
F}uorocarbon (GLT) 68 2 MIL-R-83485
Fluorosilicon 65 4 L449-65

‘ Phosphonitril Fluorophosphazene 61 5 EYPEL-F, S705
Butyl 61 5 B-3
Neoprene 59 7 BMS 1-11
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2.1

2.2

2.0 SCQPE OF TESTS

The Phase I evaluation required no actual physical tests of elastomers.
The material evaluation process consisted of ranking potential candidate
materials using performance criteria (ten total) that parallel cthe
operational parameter requirements for the subject cask system. The

performance criteria considered were:

o Continuous one-year service at 300°F
o Impermeability to gases

o  Aqueous solutions compatability

o Leaktight seal capability at 300°F

o Leaktight seal capability at -40°F

o Radiation resistance

o High resiliency at -20°F

o Low compression set at 300°F

o Abrasive resistance

o Fatigue resistance

Using technical references, supplier published material references, direct
communication with seal material suppliers, and NuPac’s existing testing
and personal experience resources, materials were chosen for Phase II

testing. They are listed in Table 1.3.

The Phase II testing program implemented three basic laboratory test
methods to further screen potential candidate o-ring materials. Each
material identified during the Phase I evaluation was laboratory tested

to determine:

(a) compression set, Ref. (2)
(b) resiliency, Ref. (3)
(¢) leaktight capability, Ref. (4).
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Material samples chosen had a nominal cross-section of 0.390 inch, the
nominal size (thickness) intended for the preliminary cask design. The‘
Phase Il screening process required each sample to meet the acceptance
criteria of each of these tests, in the sequence shown, before being
considered eligible for further testing. Acceptable candidates passing

each of the three tests became denoted as Phase II1 candidate materials.

Results of the Phase II tests are also considered important source data
for validating the preliminary cask design seal geometry and
installation/manufacturing tolerance geometry. Additionally, the results
established by the compression set and resiliency tests performed under
Phase II tests were examined to determine if any correlation could be made
between compression set data, resiliency data, and subsequent Phase II and

III leak test results.
2.2.1 Compression Set Tests

2.2.1.1 Compression set testing was performed on o-ring materials
in accordance with the basic procedure of ASTM D-395 and
ASTM D-1414. The test temperature used was 300°F to
simulate the predicted maximum long-term seal boundary
temperature of the 100-ton cask. The 300°F includes a
+40°F margin of safety. This particular test was
selected because in the 100-ton cask design, the o-rings
are assembled with an initial compressive load of 25%
squeeze and held in place at a constant strain until
some outside force (either intentionally or accidentally)
causes an unloaded condition. While installed and
constantly strained in a 300°F environment, the eventual
seal material will most likely slowly deform or relax,
and take on a permanent displacement set. The rate of
relaxation of a seal material is temperature and time
dependent, with usually a majority of the nonrecoverable
deformation occurring within the first 168 hours of

compressed, high-temperature exposure.
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2.2.1.2 Candidate O-ring materials with nominal dimensions of ‘
0.390 inches cross-section by two inches long were
inserted into a compression set test fixture, Figure 3,
at an initcial compression displacement equal to 25%; i.e.

approximately 0.293 inches.

2.2.1.3 The O-ring samples were then tested for compression set
at 300°F for periods of 8, 22, 72 and 168 hours. O-ring
materials that exhibited a compression set of less than
50% over 168 hours were considered as likely final
candidates. The 50% compression set value was selected
since it was determined that permanent displacement set
(after 168 hours at 300°F) would result in a 10- 1/2%
loss of installed o-ring compression for the full scale
cask installation (from 25% to 14 1/2%), which 1is
considered acceptable and allows some reasonable margin

of further compression set to occur over continued 300°F

exposure. The minimum installation squeeze initially
assumed as acceptable for the 100-ton cask is 10%, which
allows approximately 70% compression set for the present

seal groove geometry used.

10
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SHIM STCCK & SPACERS

O=RING TEST SPECIMENS

‘ FIGURE 3

O0-Ring Compression Set Text Fixture

11
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2.2.2 Resiliency Tests

2.2.2.1

2.2.2.2

The Phase II resiliency testing program was developed
to generate a data base of o-ring material response rates
following exposure to -20°F and -40°F. The collected
data was used to compare the displacement recovery rates
of the various candidate o-ring seal materials. The
-20°F and -40°F low temperature parameters selected for
this test correspond with both 1low temperature
specification requirements established for the 100-ton
cask system; normal maximum low temperature and the
faulted accident low temperature. In order to expedite
the development of a comparative material resiliency data
base, the tests performed during this phase urilized the
same sample sizes, fixtures, and initial installation
compression displacement (25%) as the earlier Phase II

compression set tests.

O-ring samples were loaded into the test fixture at 25%
compressive displacement and initially placed into a
-20°F environment. After stabilizing at -20°F, the test
samples were suddenly removed from the load and
cross-sectional measurements made with vernier calipers
every 15 seconds for two minutes minimum. Resiliency
was calculated as the percentage recovered of the
original compressed cross-sectional displacement. The

results were plotted against time.

Since no prescribed national, international, or industry
standards exist for this type of testing, acceptance
criteria were established that had some physical
significance with respect to the 100-ton cask operational
and environmental envelope. The -20°F condition had been
previously noted to be synonymous to the coldest cask
faulted accident condition. The cold accident scenario

can effectively cause an instantaneous maximum

12



100-Ton Rall/Barge Cask Rev. 2, December 1339

2.2.2.3

displacement between seal boundary surfaces. The
preliminary cask design allows a maximum displacement
of 0.0l5 between the lid and the bore diameter and a
simultaneous minimum displacement of 0.000 at a position
180° opposite the same lid-to-bore diameter. For the

elastomer to respond to a sudden impact and f£ill the

0.015 inch void, a quick seal response is required. The

ideal condition is one in which the seal instantaneously
tracks the seal boundary. If an initial response cime
of 60 seconds and a resilience of 60% were allowed, the
elastomer could respond to the fault-created gap in 16
secs, assuming a linear relationship exists. Allowing
for some tolerance, we selected an acceptance criteria

of 60% resiliency over 30 seconds.

Candidate materials passing the -20°F resiliency tests
were retested in a like manner at -40°F. Since the only
operational scenario requirements for the -40°F
environment are static sealing conditions, this test was
a data gathering effort for comparing the -20°F and
-40°F resiliency response data. Since normal transport
minor-load-induced deflections in a -40°F environment may
be addressed by this data, an arbitrary acceptance

criteria of 50% resiliency over one minute was selected.

2.2.3 Leaktight Seal Tests

2.2.3.1

Materials successfully passing the Phase II compression
set tests were subjected to a series of general leaktight
tests using seals made with the selected preliminary
design cross-sectional diameter of 0.390 inches. A
fixcture utilizing a 3% installation stretch factor on
an 11.8 inch diameter groove diameter was fabricated to
test the leaktight integrity (using helium) between the
annulus of 2 seals. The test conditions required helium

leak tests at an ambient condition with the lid assembled

13
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2.

3

and centered in the bore, at -40°F normal low tempera-
ture centered lid to bore assembled condition, and at
the -20°F faulted assembled condition with the o- ring
retaining disk (simulating a 1id) offset from the bore
(simulating the inner cask) by a minimum of 0.015 inches.

The test fixture assembly is shown by Figure 4.

2.2.3.2 The acceptance criteria established for the leaktight
test at all temperatures is the same as the criteria
presently applicable for the cask seals utilized for the
100-Ton Rail/Barge Spent Fuel Cask; ANSI 14.5 leak rates
shall not exceed 1 x 1077 std cm®/sec for these

conditions.

Materials failing to meet all the acceptance criteria established by the
Phase II testing procedures were withheld from Phase III testing, and no

longer considered viable candidates for this cask application.

The Phase III testing program was similar to the Phase II program, except
the final candidate materials were subjected to longer term 300°F
exposures; i.e. higher temperature compression set exposures. These more
stringent factors were used to determine if any latent thermochemical
failure mechanisms were present in the candidate materials that were not
previously identified by prior tests, at or near the anticipated service

conditions.

2.3.1 The compression set tests performed under this phase were done at
350°F for the 8, 22, 72, and 168-hour durations. Acceptance criteria
at the 350°F temperature range was established as 60% compression

set maximum.

14
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2.3.2 The resiliency tests for this phase utilized an automatic fixture

and data chart recorder for more precise measurements of the material
recovery rates. O-ring samples (0.390 cross-secti»n x 2 inches long)
were placed into the fixture at 20% to 25% displiaced compression.
The fixture and the o-rings were placed in a -20°F environmental
chamber until all components stabilized at -20°F. While still at
-20°F, the compressed load was then released allowing the o-ring to
freely recover by its inherent elastic energy. LVDTs sensed both
the maximum released opening and the displacement recovered. A
recording pen scribed the displacement position on the x-axis of the
chart. Time was recorded on the y-axis. A secondary pen also
charted the compressed and uncompressed load exerted on the o-ring
through a load sensor at the bottom of the o-ring retainer. The test

fixture is shown in Figure S.

One difference between the Phase II resiliency tests and the Phase
II1 tests was that the Phase II tests utilized calipers and a stop
watch to measure the displacement recovery rates, while Phase III
tests utilized transducer electronics and chart recorders. The
second difference was that this test equipment allowed recovery
displacement rate measurements to be done in the cold environment,
whereas the prior method required the technician to pull the samples
out of the -20°F and -40°F environment and perform the required
measurements. The Phase II method was considered adequate for
establishing a data base relationship between a large variety of
samples. However, the Phase III test provided more precise
information to determine the exact response characteristics of the
candidate materials in their lower temperature service conditions

without the influence of natural thermal expansion.

15
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0-Ring Leak Test Fixture
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2.

3.

3

The acceptance criteria used for the Phase III resiliency tests were
identical to those used for the earlier Phase II tests. Candidate
o-ring materials satisfying the -20°F resiliency test criteria were

tested again at -40°F.

An additional -20°F resiliency test was also developed for final
candidate materials to establish a data base of retained material
resiliency following a period of high-temperature exposure in a
compressed state. Although no acceptance criteria was established,
this test data was considered important since it recognized the
probability of elastomer mechanical property changes following
continued high-temperacture conditioning. The material conditioning
was 168 hours at 300°F at 25% compressed displacement (the same used

in earlier compression set tests).

Phase III leaktight tests were performed to the same measurement
criteria as the earlier Phase II tests. The test conditions were
more stringent in that the candidate o-rings were leaktight tested
at 300°F and -20°F following a 300°F exposure for 168 hours using a
25% initial installed compression on the o-rings. This test was
developed to simulate actual operating conditions, and prove the
o-ring material sealing integrity at the cold temperature faulted
condition following a period of stress relaxation induced by high

operating temperature stress.
P

The Phase IIl candidate o-rings were initially compressed into the
leak test fixture and leaktight tested at ambient, -40°F, and -20°F
(offset) conditions as was done in Phase II. Following verification
of their tightness, the o-ring lid disc was recentered and the entire
fixture heated and held at 300°F. Seven days or 168 hours later at
300°F, the o-rings were vacuum or helium leaktight tested at 300°F.
If there was no measurable leak-age, the device was cooled to -20°F.
Once stabil-ized at -20°F, the o-rings were forced off-center and
leaktight tested. The entire sequence allowed for a reasonable
worst case compression set and also utilized the maximum capabilities

of resiliency after thermal conditioning.
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O-ring materials able to maintain a leaktight condition following

this test, were designated as final candidate materials and approved
for inclusion in the cask preliminary design package. If more than
one candidate met the criteria of this test, then the candidate with
the highest resiliency rate would be given priority over the other

qualified candidates.
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‘ FIGURE 5

O-Ring Resiliency Test Fixture
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3.

1

3.0 TIEST RESULTS

Phase II Tests

*3.1.1 The compression set test data from the Phase II (300°F compression

3.

3.

1.

l.

2

3

set tests) are shown in Figure 6. Phase I candidate materials
failing to meet the acceptability limits of compression set of less
than 50% over 168 hours were Butyl B-3, Neopreme BMS 1-11, and
ethylene propylene ES529-60. The remaining four Phase I candidate
materials all met or exceeded the acceptable compression se

criteria.

All Phase I candidate materials were subjected to the Phase II
resiliency tests at -20°F. As shown in Figure 7, five materials met
or exceeded the 60% resiliency acceptance criteria within the
prescribed 30-second response time. The two materials observed to
have a slow response recovery rate were ethylene propylene E529-60
and fluorocarbon (GLT). For comparison, Figure 8 shows material

recovery rates at -40°F.

As noted in paragraph 2.2.3.1, Phase I candidate o-ring materials
subject to leaktight testing wer= limited to those candidates having
successfully met the acceptance cr.:eria of the Phase II compression
set tests. Therefore, leaktight tests were performed on all but

three sample o-ring materials. Those tests were done on:

o Arctic Nitrile

o Eypel F

o Fluorosilicon

o Fluorocarbon (GLT)

Of these four materials subje ' to the ambient, -40°F, and -20°F

leaktight tests, the fluoroc n (GLT) o-rings were the only
material samples unable to sat. the leaktight criteria. The leak

was measured during the -20°F off:2t test. During retest of a second
sample, the same problem was noted. Table 3.1 summarizes the Phase

II leak tests on all candidate materials.

20
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‘ 3.1.4 Phase II testing showed the following o-ring materials to be

acceptable for further testing:

o Arctic Nitrile
o Eypel F

o Fluorosilicon
3.2 Phase III Tests

3.2.1 Sample materials subjected to Phase III tests were not performed to
any particular test sequence, since the results of the Phase III
tests were evaluated according to a "pass/fail" system as noted

earlier in paragraph 1.5.

Consequently, the three materials remaining were tested for
compression set, resiliency, and leaktightness in parallel with one

. another. The results of Phase III tests are summarized in Table 3.2.

3.2.2 Fluorosilicon and Eypel F satisfactorily met the 350°F compression
set criteria. Arctic Nitrile was not compression set tested at
350°F, because the physical examination of arctic nitrile o-rings
following the 168 hour 300°F Phase III leaktight test showed some
material embrittlement had occurred. The manufacturer concurred that
it was highly probable that the continued high temperature exposure
would cause cross-linking changes in the polymer, and further
exposure would propagate the failure. Given the physical evidence
and this additional vendor information, the compression set test on
arctic nitrile at 350°F was cancelled, and arctic nitrile was

eliminated from further compression set testing.

| 3.2.3 For Phase III resiliency tests performed at -20°F and -40°F
temperatures using virgin elastomer samples, a slight variation was

observed in resiliency rates versus the Phase II testing methods.
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3.

3.

2

2.

A

3

However, these variations at these conditions were not significan.

enough to affect the selection of the final candidaces.

For materials tested for resiliency after the 300°F - 168 hour
conditioning, it is interesting to note the accompanying loss in
resiliency. Especially interesting is the fact that arctic nitrile
still had a large amount of inherent elastic energy in it even after

it had become embrictled by the high- temperature exposure.

Phase III leaktight tests performed on the three materials showed
in satisfactory results for both arctic nitrile and Eypel-F.
Fluorosilicon was unable to remain leaktight following the 300°F -
168 hour conditioning period. The failure may have been caused by
a tendency for fluorosilicon to allow gas permeation leakage, since
all prior compression set and resiliency test data indicated the

fluorosilicon should have otherwise satisfied the leaktight test.
The Phase III test results eliminated both arctic nitrile and

fluorosilicon as viable candidates. Eypel-F, a compound blended by

the Ethel corporation, met or exceeded all Phase III tests.
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O0-ring Compression Set Response
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Table 3.2
Summary of Phase II] Test Results

laterial Compression Sct Resiliency ¢ Helium Leak Tight _
Sample ISOF (V) (Leakage Rate Less Than 2.0x10 He cc/sec)
- g?r hftexr 3J00F
8ur J22uc | 721nxp 68U -20F ~-40F x ﬁ:g Ambient -40r -20F 168 Hr ~20
Woisc cey bige cey bisc offselpisg cex Ipisc offs
Arctic (1) (1) ](1) (89] 80 79 56 Sat Sat Sat Sat Sat
Nitrile {3) {3)
*‘“?:°' 12| 16 |33 |ae 68 (2) (2) sat sat Sat et unsat
Lypel -F 251 31 lse Jes 77 80 47 sat sat Sat Sat sat
Notes:
(1) Compression set testing of Arctic Nitrilo neqated by unsatisfactory physical
changes obscrved during 168 hours, 300F exposure period.
(2) Continued resiliency testing €fluorosilicon samples abandoned following
unsatisfactory leaktight tests at -20F.
(3) ArciLic Hitrile underwent unsatisfactory physical changes after 168 hour, 3001
exposure; extreme embrittlement and hardening.
(4) vacuum Lest at 20 millitorr to alleviate high risk of helium permeability
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4.0 CONCLUSIONS

Phase II compression set test results clearly indicated the behavior of
permanent stress relaxation by the elastomers, and the interdependence of
that phenomena with respect to temperature and time. Available published
material for elastomer compression set percentage values commonly states
values from tests performed at standard 22 or 70-hour periods and at test
temperatures of 75°F to 140°F. Although those values were helpful for
making initial elastomer property comparisons, the potential user needs
to at least consider the effects of actual higher or lower service
temperatures, service life, and initial installation squeeze for the actual

elastomer seal installation intended.

Using 300°F as the service temperature environment, and a nominal 25%
initial installation squeeze, compression set test results (Figure 6) show
a fast rate of permanent compression set from 8 to 22 hours. The rate of
compression set falls off significantly from 70 to 168 hours. Projecting
compression set beyond the 168 hour time frame is uncertain. However, if
we assume the rate of compression set increase stayed relatively constant,
then the final compression set values for any of the Phase II candidates
would not be anticipated to exceed S0%¥ for a l-year (8760 hours) maximum

service life.

Increasing the temperature to 350°F, and compression set retesting the
acceptable Phase II candidate o-rings of Eypel-F and Fluorosilicon at the
same 25X nominal ’inicial installation squeeze, a slight increase in
compression set values did result. Once again, the plotted rates of
compression set slowed significantly after the first 70 hours. Projected
final compression set for either of these two materials is not expected

to exceed 70%2 for a 1 year period.

Phase II, -20°F, resiliency test results of the Phase I screened candidate
materials showed that all but two elastomers possessed an inherent amount
of elastic energy to track the interface surfaces of a displaced seal
boundary within 30 to 60 seconds (see Figure 6). The ethylene propylene

and the fluorocarbon (GLT) exhibited slow rates of response, indicaring
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that cold temperature conditions would effectively de-energize those
materials. This phenomenon is commonly referred to as "a dead material"
in the elastomer industry, vice a "live material" for those materials

capable of quick response rates.

The Phase III, -20°F resiliency tests confirmed that the slowest recovery
rates did in fact occur with the ethylene propylene and fluorocarbon (GLT)
o-rings. For example, the Phase III, -20°F, resiliency test on

fluorocarbon (GLT) recorded a 19% recovered displacement in four minuces.

Earlier Phase II resiliency tests for fluorocarbon indicated approximately
40% recovered displacement in one-and-a-half minutes, but it was noted
earlier in this report that the Phase II resiliency tests were probably
not as accurate as the Phase III tests due to thermal expansion effects
and hand measuring techniques used. Applying the recorded 19% fluorocarbon
(GLT) rate of response for the subject cask design, and given an initial
installation squeeze of 25% for a 0.390 o-ring and a maximum possible
accident scenario of a 0.015 inch displaced lid to cask bore offset, we
would project a virgin fluorocarbon (GLT) seal to allow bypass leakage to

continue for approximately 1l minutes.

The -20°F sealing conditions are based on seals that are new and have had
no prior 300°F high temperature exposure in a pre-compressed assembly.
Actual sealing applications, however, cannot be disassociated from that
pre-conditioning and hence, a permanent compression set influencing the

final assembly recovery rate.

Therefore, for materials passing all initial Phase II and initial Phase
III tests, a secondary Phase III resiliency test was performed using
elastomer samples that had been preconditioned in a 25¥%¥ compressed state
at 300°F for 168 hours. The materials of arctic nitrile and Eypel-F were
selected. Using those resiliency values, and given the previous -20°F
displacement and installation parameters, the calculated times for those
materials to effectively seal bypass leakages are 6.4 seconds and 101

seconds, respectively. This calculation utilized the measured rate of
response taken by the resiliency fixture sensors from preconditioned arctic

nitrile and Eypel-F, Appendix III.
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Max. Displacemenc

Permanent Response 25% Initial 10% Sealing
Material Set Loss Rate Squeeze Seal Compression Time
Fluorocarbon None Used 0.017"/4 min. 0.293" 0.015" plus 0.031" 11 min.

Arctic Nitrile 37% 0.0215"/3 secs. 0.293" 0.015" plus 0.031" 6.4 sec.

Eypel F 40% 0.0272"/60 secs. 0.293" 0.015" plus 0.031" 101 sec.

4.3

*10Z is various manufacturers recommended minimum o-ring

compression force required to sustain leaktight seal.

These rates and associated resealing times are teasohably responsive to
effectively seal the cask during the -20°F faulted conditions prescribed

in the design specificationms.

The Phase III leak tests were developed to confirm the final o-ring seal
material capability to retain a leaktight seal in a -20°F faulted condition
following a long-term high-temperature (300°F) static sealing state. This
scenario again allowed the installed o-rings to become compression set and
stress relaxed prior to the -20°F faulted off-centered displacement
situation. This Phase III test was the last laboratory simulated fixture
test prior to final confirmation scale testing. Materials passing this
test were essentially approved for consideration in the final cask design

program.

Phase III leaktight tests were performed on arctic nitrile, fluorosilicon,
and Eypel F. Only fluorosilicon was unable to meet the acceptance
criteria, and it failed the -20°F faulted condition offset test following
the 168-hour/300°F installation period. Why it failed is not readily
apparent from a review of the earlier compression set or resiliency test
data. It is suspected that another variable may have influenced the

results (i.e., gas permeation).
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Published sources and NuPac’s prior seal experience reflects that there
is a high probability that silicon and fluorosilicon are highly susceptible
to helium gas permeation leakages, especially following a high temperature
air exposure for short periods. Some thermochemical change may have
occurred in the elastomer bonds or cross links after the 168-hour/300°F
exposure period, making the material more likely to allow helium gas
permeation. We did not attempt to investigate the cause, because we fel:
it to be academic at this time since our acceptance criteria was pass or
fail.

The arctic nitrile and Eypel-F o-rings successfully passed the leaktight
tests. One could conclude their success was predictable based on a review
of the earlier compression set and resiliency test data. Although the
materials did meet the leaktight tests, one glitch did develop. The
samples were always disassembled after testing and physically examined.
The arctic nitrile physical exam, after the 168-hour/300°F exposure, showed
that a major change had occurred within the polymer, its binding agents,

or its cross-links; it had become embrittled.

However, close physical examination of arctic nitrile showed some material
embrittleness had occurred as a result of the longer-time high-ctemperature
exposure. The durometer rating also showed it to be harder and the
slightest additional stress tension caused cracking. The manufaccturer
indicated that it was highly likely that mechanical failure had been
initiated due to the high temperature causing cross- linking changes, and
furcther future exposure of the material at the 300°F temperature would

cause continued failures.

This situation was concluded as unsatisfactory, leaving Eypel-F as the

final candidate for use.

After review of all test data, it was concluded that Eypel-F would be the
final candidate material. During compression tests, Eypel-F indicated an
average range of compression set. Although average, its values were within
acceptable limits. During resiliency tests, Eypel-F exhibited a little
less than the average range of response. Again, the values were still

within the acceptable limits.
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Eypel-F also successfully passed all hot and cold temperature leak tests.

Other problems were not witnessed (e.g., silicon and Fluorosilicon helium

permeation problem, and embrittlement in arqtic nitrile).

Eypel-F compound and test data published by the manufacturer also indicates
Eypel-F has good long-term high-temperature life expectancies of over

10,000 hours at exposures to 291°F.

In summary, all test and published data on Eypel-F show it to be NuPac's
best choice for use on the 140B Rail/Barge Cask. Final proof tests are
recommended to be done in the field and in the laboratory for final
verification of this material. Final proof tests will consist of
confirmation leaktight seal testing, and physical tests not included in
the scope of this initial test program. We are reasonably certain at this
time, however, that these tests will provide further evidence that Eypel-F

is the best choice for this cask application.
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. 5.

2

5.0 SUPPLEMENTAL TESTING OF AN EXPERIMENTAL EPDM MATERIAL

A cursory review of those seal candidates tested during preliminary design
of those approved for consideration for final design show that cne viable
candidate material passed all tests out of the original seven potential
candidates selected. We had anticipated a somewhat higher candidate
success ratio (3 out of 7). Naturally, additional candidates approved for
consideration for the final design would likewise increase the probability
of achieving a successful confirmation test on the basis of population
alone. Concerned about our limited population choices for final design,
we revisited our Phase I material selection matrix and decided to pursue
other material sources for the top ranked ethylene propylene (EPDM)
material. All EPDM suppliers contacted were unable to assure us that they
could provide an EPDM material that would satisfy the operational and test
parameters the 100-Ton Rail/Barge Cask demanded. One supplier, Cameron
Elastomer Technologies, did agree that EPDM should satisfy all our
conditions except for resiliency. Cameron Elastomer Technologies
volunteered to formulate an experimental EPDM for us to include in our
preliminary seal testing program. NuPac labeled the material EXP-C, and
Cameron Elastomer Technologies labeled it as P/N 599508-10-08, BATCH
111-54-3.

The EXP-C material became available for NuPac testing during the last two
weeks of our seal test program. Due to the late availability of the
material, we elected to bypass the Phase Il general testing exercise and

proceeded instead with the more stringent Phase III testing.

5.2.1 Compression Set tests performed at a 300°F/168-hour exposure,
resulted in a compression set of 37%. That value is considered well
within our acceptabilitv limits and closely compares to the
compression set values achieved for Eypel-F at the same temperature

and time period.
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5.2.2 Resiliency tests were performed at -20°F and -40°F using virgin
samples of EXP-C, and repeated at -20°F and -40°F wusing 300°F/168-
hour preconditioned samples of EXP-C. The -20°F resiliency test on
virgin samples resulted in a 50% resiliency value in 10 seconds, and
over 80X in sixty seconds. The -20°F resiliency ctests oﬁ
preconditioned samples yielded almost identical results, therefore

indicating the 300°F had negligible impact on the material.

5.2.3 Leaktight helium leak tests were performed on EXP-C in accordance
with Ref. 4, Rev. 1. No leaks occurred at any O-ring centered or
offset condition tesced. Those conditions included ambient
(simulated centered 1lid and bore), -40°F (simulated centered lid and
bore), -20°F (simulated offsect 1lid and bore), 300°F (simulacted
centered and offset 1id to bore) after 168 hours constant exposure,

and -20°F (simulated offset lid to bore) after 168-hour exposure at
e

5.2.4 Therefore, as a result of this supplemental test, EXP-C (EPDM) is
also an approved candidate for final cask design and subsequent

confirmation tests on the basis of these test results.
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c.1.0

SPENT FUEL RAIL SHIPMENT TURNARQUND TIME

C.l.1 General

This section contains cask a summary of turnaround times the bases for the times.

C.1.1.1 Turnaround times

C.

1.

1.

BWR Reactor with Redundant Crane - 46 hrs.

PWR Reactor Non Redundant Crane - 40 hrs.

Dry Unloading at MRS/Repository - 20.5 hrs. for BWR and 18 hours
for PWR fuel.

Bases for turnaround time estimates

.1.1.2.1

.1.1.2.2

.11.2.3

.1.1.2.4

.1.1.2.5

Reactor turnaround time is based on experience with our
IF-300 Casks.

Dry unloading is based on using "remote-automated
handling methods" and applying 25 to 75 % reduction in

time based on IF-300 Cask experience.

Turnaround time is from receipt of the cask at
loading/unloading site until it is ready to ship.

(multiple cask shipments are not included).

Time is estimate for major work stations or functions,
details for each step in the procedure are not practical

at this design phase.

No time estimate for vacuum drying is used in these
turnaround times. However if vacuum drying is dome it
would add approximately 16 hours to the cask loading

time.

c.1l1-1
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C.1.2 Turnaround Time Estimate At A BWR Reactor with Redundant Crane

NOTES

C.1.2

Cc.1.2

"Etc." as used in this estimate is for performance of minor tasks such as
removal of valve covers, wetting down the cask while lowering it into the

pool, and/or removing and installing of safety wire.

Continuous operation is assumed. (No time allowed for shift change or
breaks).

It is assumed :hat the operations are performed by an experienced crew

using special tooling.

Turnaround time is dependent upon specific methods of operation at a given
utility, such as site specific hold points and radiation work permit

requirements which will effect turnaround time.

.1 Cask Receiving

c.1.2.1.1 Incoming search and inspection
€.1.2.1.2 Open sunshield/personnel barrier
C.1.2.1.3 Incoming radiation survey

c.1.2.1.4 Ete. 2 hours

.2 at R. C

c.1.2.2.1 Place railcar inbairlock
c.1.2.2.2 Remove impact limiters

c.1.2.2.3 Install rotating device

C.1-2
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C.

C.

1.

1.

2.

2.

.1.2.2.4 Rotate cask vertical

.1.2.2.5 Install dual lifting device

.1.2.2.6 Lift cask to decon pad

.1.2.2.7 Etc.

Cask Preparation On Decon Pad

.1.2.3.1 Remove road dirt

.1.2.3.2 Vent cask

.1.2.3.3 Fill cask with water

.1.2.3.4 Unbolt cask lid

.1.2.3.5 Engage yoke and cask lid lifting bolts

.1.2.3.6 Etc.

Load Cask

.1.2.4.1 Lower cask into pool

.1.2.4.2 Disengage yoke and remove cask lid

.1.2.4.3 Install seal surface protector on cask

.1.2.4.4 Load cask with spent fuel (10 minutes a bundle)

.1.2.4.5 Inspect o-rings on cask lid

.1.2.4.6 Remove seal surface protector from cask

c.1-3
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c.1.2.

c.1.2.

c.1.2.4.7 Replace cask lid on cask

C.1.2.4.8 Engage yoke to cask and place cask on decon pad

C.1.2.4.9 Etc. 14 hours

S Cask Preparation On Decon Pad

c.1.2.5.1 Decon cask

c.1.2.5.2 Torque cask lid bolts

(@]

.1.2.5.3 Drain cask, inert and verify that water is drained

c.1.2.5.4 Preform leak tests

€C.1.2.5.5 Etc. 12 hours
NOTE. If vacuum drying is used, an additional 16 hours would be
required and would be done during step C.1.2.5.3. (Based on
NUHOMS experience at CP&L Robinson, 12 to 16 hours with the
IF-300.)
6 Load Casks On Rail Car

c.1.2.6.1 Engage yokes

c.1.2.6.2 Lower cask to rail car

C.1.2.6.3 Remove one yoke

c.l.2.6.4 Rotate cask to horizontal

(@]

.1.2.6.5 Disengage yoke

C.1l-4
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.2

C.1.2.6.6

c.1.2.6.7

c.1.2.7.1

Decontaminate cask as required

Etc.

.7 Preparation Of Cask For Shipment

Remove tilting device from rail car

Install impact limiters

Move cask to outside airlock

Take final survey and install labels

Install sunshield/personnel barrier

Install placards

Prepare shipping papers

Etc.

Cc.1l-5

Rev.

Total

I, April 1990

4 hours

4 hours
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NOTES:

C.

C.

1.

1.

3.

3.

C.1.3 Turnaround Time Estimate At A PWR Reactor With A Single Yoke

Ete. is for the performance of the minor tasks such as removal of valve
covers, wetting down the cask while placing in pool, and/or removing and

installing of safety wire.

Continuous operation is ass:med. (No time allowed for shift change or
breaks.)

It is assumed that the operations are performed by an experienced crew

using special tooling.
Turnaround time is dependent upon specific methods of operation at a given

utility, such as site specific hold points and radiation work permit

requirements which will effect turnaround time.

1 Cask Receiving

(@]

.1.3.1.1 Incoming search and inspection

Q

.1.3.1.2 Open sunshield/personnel barrier

(@]

.1.3.1.3 Incoming radiation survey

c.1.3.1.4 Etc. 2 hours
2 C a On Rai
c.1.3.2.1 Place rail car under crane

C.1.3.2.2 Remove impact limiters

€.1.3.2.3 Install rotating device

C.1l-6
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C.

C

1.

.1

3.

3.

Rev. 1, April 1990

c.1.3.2.4 Rotate cask vertical

€.1.3.2.5 Lift cask to decon pad

€c.1.3.2.6 Etc. 5 hours
3 Cask Preparation On Decon Pad

€.1.3.3.1 Remove road dirt

C.1.3.3.2 Vent cask

c.1.3.3.3 Fill cask with water

C.1.3.3.4 Unbolt cask lid

€.1.3.3.5 Engage yoke and headlifting bolts

€c.1.3.3.6 Etc. 4 hours
4 Load Cask

C.1.3.4.1 Lower cask into pool

C.1.3.4.2 Remove cask lid

€.1.3.4.3 Install seal surface protector on cask

C.1.3.4.4 Load cask with spent fuel (10 minutes a bundle /21 bundles)
€C.1.3.4.5 Inspect o-rings on cask lid

€C.1.3.4.6 Remove seal surface protector from cask

c.1.3.4.7 Replace cask 1lid on cask

€C.1.3.4.8 Engage yoke to cask and place cask on decon pad

c.1-7
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C.1.3.4.9 Etc. 10 hours

C.1.3.5 (Cask Preparation On Decon Pad

(@}

.1.3.5.1 Decon cask
€.1.3.5.2 Torque cask lid bolts
c.1.3.5.3 Drain cask, inert and verify that water is drained
€.1.3.5.4 Preform leak tests
€.1.3.5.5 Etc. 12 hours
NOTE: If vacuum drying is used, an additional 16 hours would be
required and would be done during step C.1.2.5.3. (Based on
NUHOMS experience (12 to 16 hrs with the IF-300.) ‘
C.1.3.6 Load Casks On Rail C
c.1.3.6.1 Engage yokes
€C.1.3.6.2 Lower cask to rail car
c.1.3.6.3 Rotate cask to horizontal
C.1.3.6.4 Disengage yoke
C.1.3.6.5 Decontaminate cask as required
C.1.3.6.6 Etc. 3 hours
C.1.3.7 Prepa or Shi

C.1.3.7.1 Remove tilting device from rail car

C.1-8
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N

Install impact limiter

Move cask to outside

Take final survey and install labels

Install sunshield/ personnel barrier

Install placards

Prepare shipping papers

Etc.

Total

c.1-9
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40 hours
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C.l.4 Turnaround Time Estimate Using A Hot Cell ‘

NOTE:

1. Etc. is for the performance of the minor tasks such as removal of valve
covers, wetting down the cask while placing in pool, or removing and
installing of safety wire.

2. Turnaround time is based on use of a cask work station where lid unbolting,

lid bolting, venting, spot deconning cask, leak testing, etc, is performed.

3. It is assumed that a transfer dolly is used for moving the Cask to the Hot
Cell Opening.

4. This estimate is for unloading 52 BWR fuel assemblies at 5 minutes a

assembly unloading time. For PWR unloading, the turnaround time would be
reduced by 2.5 hours for PWR unloading since only 21 fuel assemblies are ‘

unloaded.
C.1.4.1 Cask Receiving

c.1.4.1.1 Incoming inspection

C.1.4.1.2 Open sunshield/personnel barrier

c.1.4.1.3 Incoming radiation survey

C.1.4.1.4 Ete. 1.5 hours
C.1.4.2 (Ca eparation ajil Ca

C.1.4.2.1 Place rail car under crane

c.1.4.2.2 Remove impact limiters ‘

c.1.4.2.3 Install rotating device

C.1-10
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‘ c.1.4.2.4 Rotate cask vertical

C.1.4.2.5 Move cask to cask work station

C.1.4.2.6 Etc. » 3 hours
C.1.4.3 C(Cask Preparation At Work Station

C.1.4.3.1 Vent cask

C.1.4.3.2 Unbolt cask lid

€C.1.4.3.3 Install cask lid lifting fixtures

C.1.4.3.4 Place cask on transfer dolly 2.5 hours
. C.1.4.4 Cask Unloading In Hot Cell

C.1.4.4.1 Place cask under Hot Cell opening

C.1.4.4.2 Engage cask to Hot Cell and seal

C.1.4.4.3 Engage crane hook to lid lifting fixture
C.1.4.4.4 Remove cask lid

C.1.4.4.5 Unload fuel assemblies

C.1.4.4.6 Use remote viewing device and inspect o-ring sealg
C.1.4.4.7 Install cask lid and disengage crane hook

C.1.4.4.8 Disengage cask from Hot Cell

‘ C.1.4.4.9 Move cask from Hot Cell

Cc.1-11
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C.1.4.4.10 Etc. 6.5 hours .

C.1.4.5 (Cask Preparation At Work Station

C.1.4.5.1 Torque cask lid bolts
C.1.4.5.2 Decon cask if required (note: casks do weep in tramsit).

€c.1.4.5.3 Preform leak tests if residue in cask is greater then Type A

quantity (for large cas ~his may be true after 5 or 6 loads)

C.1.4.5.4 Ete. 4 hours
C.1.4.6 Load Casks On Rail Car

C.1.4.6.1 Engage yoke to cask '

C.1.4.6.2 Move cask to rail car .

C.1.4.6.3 Rotate cask to horizontal

C.1.4.6.4 Disengage yoke

C.1.4.6.5 Etc. ' 1 hour
C.1.4.7 Preparation Of Cask For Shipment

C.1.4.7.1 Remove tilting device

C.1.4.7.2 Install impact limiters

C.1.4.7.3 Move cask to outside (away from any background radiation)

C.1.4.7.4 Take final survey and label ‘

C.1.4.7.5 Install sunshield/personnel barrier
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‘ C.1.4.7.6 Prepare shipping papers (Note: Placards are not normally

required for empty Cask).

C.1.4.7.7 Erte. 2 hours

BWR Total 20.5 hours
PWR Total 18.0 hours

C.1-13
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C.2.0 SAFETY COMPLIANCE ‘

C.2.1 Introduction

This section is designed to recap and summarize the report in light of the safecy

requirements of 10 CFR 71, Subpart C and 49 CFR 173.

C.2.2 10 CFR 71

C.2.2.1 General Standards for All Packaging

C.2.2.1.1 No Internal Reactions

The cask surfaces and the outer surfaces of the fuel baskets are stainless steel. .
This material does not react with steam or water either chemically of
galvanically. The fuel is designed to be nonreactive in waterfilled systems.
The lead gamma shielding is totally clad in stainless steel. The entire shipping

package in cheﬁically and galvanically inert.

C.2.2.1.2 Positive Closure

The 140-B cask head is held in place by 32 closure bolts. The mating surfaces
are sealed with two (2) O-rings. Two tapered guide pins ensure proper head

alignment during lid installation.

C.2.2.1.3 Lifting Device

The lifting devices of both the cask and the cask lid are capable of supporting ‘
three times their respective design loads without generating stresses in excess

of their yield strengths. The cask design is such that there are no possible

c.2-2
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lifting points other than those intended. In addition, the failure of any of
the intended lifting structures will not result in a redistribution of shielding

or a loss of cask integrity.

C.2.2.1.4 Tie Down Devices

Both the front and rear cask supports are capable of sustaining the combined 10
g longitudinal, 5 g transverse and 2 g vertical forces without generating
stresses in excess of their yield strengths.

The cask is designed to have only one tiedown method. The failure of either,
or both supports will not impair the ability of the package to meet all other

requirements. There will be no shielding redistribution or loss of cask

integrity.

C.2.2.2 Structural Standards for Large Quantity Shipping

C.2.2.2.1 Load Resistance
With the package considered as a simple beam loaded with five times its own

weight, the cask body outer shell safety factors in shear and bending are

‘sufficiently large such that the stresses do not exceed allowables.

C.2.2.2.2 External Pressure

When subjected to an external pressure of 284 psig, (200 meter submergence) the
package outer shell safety factors in elastic stability and axial failure exceed

unity, based on allowable stresses.

C.2.2.3 Criticality Standards for Fissile Material Packages

c.2-3
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€.2.2.3.1 Maximum Credible Configuration ‘
Fuel element spacing is provided by the fuel baskets. The stress analysis of

Section 2.0 shows that during accident conditions there is no redistribution of

fuel. The normal transport arrangement is the maximum credible configuration.

C.2.2.3.2 Optimal Moderation
The criticality analysis of Section 6.0 shows that the water filled cask is the

most reactive configuration. There is a significant reduction in k., as the

water density is reduced.

C.2.2.3.3 EFully Reflected

The criticality analysis used full reflection as part of calculation. The‘

presence of lead as a shield makes the cask highly reflective by design.

C.2.2.3.4 Results

Calculations show that both of the reference design fuel loadings have a k ¢ of
less than 0.95 under the above conditions. Both the BWR and PWR baskets require
criticality control. This is accomplished by using neutron absorbing material

as part of the basket structure.

€.2.2.4 Evaluation of a Single Package

The 7-B spent fuel shipping cask is being designed for both the normal
transport and hypothetical conditions of 10 CFR 71. The effects of these
conditions are being evaluated using standard computational techniques. The

completed cask will undergo a series of demonstration tests prior to acceptance. ‘
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C.2.2.5 Standards for Normal Conditions of Transport for a Single Package

The thermal analysis of Section 3.0 considers the cases of still air. The
penetration test and the free drop fall within the accident analysis of Section
2.0. The 140-B cask is so designed that there will be no release of radiocactive

material.

The analysis of Section 6.0 indicates that even in the most reactive condition,
the cask contents remain substantially subcritical. The package and contents

geometries remain unchanged under all conditions of transport.

C.2.2.6 Standards for Hypothetical Accident Conditions for a Single Package

Section 2.0 analyzes the effects of a 30-foot free drop and the 40-inch puncture

tests on the 140-B cask. Section 3.0 examines the 30-minute fire criteria.

Under the hypothetical accident conditions, the external radiation (gamma and
neutron) is less than regulatory requirements. Following the 30-minute fire,

no radiation releases are made from the cask.

There is no redistribution of fissile material to a more reactive condition
following the hypothetical accident. The Section 6.0 analysis indicates that
the normal shipping configuration is the most reactive array. The basic package

‘geometry remains unchanged under the hypothetical accident conditions.

C.2-5
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G.2.3 49 CFR 173 ’ ‘

C.2.3.1 General Packaging Requirements

The 140-B cask in meeting the requirements of 10 CFR 71 also complies with the
criteria of 49 CFR 173. Article 173.393 limits the cask dose rate at six feet
from the nearest accessible surface to 10 mr.hr. Section 5.0 shows that this

criteria is adequately met.

All cask losure bolts will be safety .red prior to shipment. In addition,

enclosure panels will be locked in plac: during transit.

Under the normal shipping conditions, the nearest accessible surface temperature

remains below regulatory limits.

C.2.4 Basic Components (Safety Related) ‘

Certain components and structures of the 140-B cask are safety related and as
such will be identified as Basic Components. A listing of Basic Components for

the 140-B cask will be developed during final design.
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c.1.0 Introduction

The design of the NuPac 140-B shipping cask has been optimized
for the design conditions described in the preliminary design
report. In order to assess the potential impacts of shipping
fuel with different characteristics, a series of six tradeoff
studies has been performed. The effects on cask capacity and
cost have been evaluated for the following cases:

1. Allowance of fuel burnup credit for criticality
evaluations.

2. Reduction of the allowable 2-meter dose rate from 10
mrem/hr to 2 mrem/hr

3. Transportation of fuel aged 5 years after discharge
versus design basis 10 year cooled fuel

4, Transportation of high burnup fuel

S. Transportation of consolidated fuel assuming

consolidation ratios ranging from 1.2:1 to 2.0:1

6. The effects of nonstandard and failed fuel and nonfuel-
bearing components (NFBC) on cask payloads

This appendix describes the methodology and results of the
tradeoff studies.

c.2.0 Assumptions

The tradeoff studies are performed assuming that the cask body
baseline design is frozen and only the basket design may be
modified to accept different fuel or fuel arrangements. Baseline
design limits must not be exceeded as a result of alternate fuel
loading. The following list summarizes the major assumptions:

l1.) The 140-B cask body design is fixed.

2.) The basket design may be altered to accommodate
different fuel or fuel arrangements.

3.) The design basis fuel heat load must not be exceeded.
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4.) The design basis radiological source terms must not be
exceeded.

5.) Other design basis constraints, such as structural,
criticality, and mechanical criteria, must not be
exceeded.

Cc.3.0 Design Constraints

Ultimately, the payload capacity and cost of the cask are driven
by the design constraints placed upon the system. The 'ollowing
sections summarize the important design constraints w: 1 bear on
this evaluation. Discussion is presented regarding th. effects
of the design tradeoffs on each engineering discipline.

The discussion of design constraints is divided into the major
engineering disciplines which may impact cask capacity or cost:
structural, thermal, shielding, criticality, and mechanical.
Table 1 contains a matrix which indicates which discipline is
considered limiting, or potentially limiting, for each of the
tradeoff scenarios.

c.3.1 Structural Design Constraints

The structural design of the cask and basket is limited by the
allowable stresses in each material of construction. Since most
of the tradeoff studies involve a reduction in the number of fuel
assemblies which can be shipped, structural design margins will
not be reduced. The exception to this is the case of
consolidated fuel shipment, which will be discussed below.

c.3.2 Thérmal Design Constraints

The baseline maximum decay heat for either 21 PWR assemblies or
52 BWR assemblies is 11 Kw. Changes to fuel specification
parameters which increase the fuel decay heat will result in
decreases to the cask payload in order to maintain existing
design margins for fuel cladding and other materials
temperatures.

The two fuel specification parameters which most affect the
thermal output of the payload are the fuel post-irradiation
cooling time and the fuel burnup. Design basis fuel
specification parameters are listed in Table 2.

C.3-4
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The fuel decay heat generation rates, in units of Kw/Metric Tons
of Initial Heavy Metal (MTIHM) are shown in Table 3 for a variety
of combinations of burnup and fuel cooling times.

c.3.3 Shielding Design Constraints

The baseline radiological source strengths for PWR and BWR
assemblies are Table 4. Changes to fuel specification parameters
which increase the fuel radiological source term will result in
decreases to the cask payload in order to maintain existing
design margins for cask dose rates.

The two fuel specification parameters which most affect the
radiological source strength are closely tied to the thermal
power: fuel post-irradiation cooling time and the fuel burnup.
The design basis fuel specification parameters were listed above
in Table 2.

The fuel radiological sources, in units of neutrons or gammas per
second per MTIHM for design basis fuel are shown in Table 4. By
changing the burnup or cooling time, the design basis sources are
changed as shown in Table 5 (neutrons) and Table 6 (gammas).

c.3.4 Criticality Design Constraints

The cask and basket are designed to assure that under no credible
event will the reactivity of the payload, kerr, exceed 0.95. The
calculation of keff is dependent on several key assumptions.

The calculation of kert may be performed assuming that the fuel
is in its most reactive state (unirradiated), or the properties
of irradiated fuel, which is less reactive, may be used. The
latter approach is referred to as using burnup credit and is the
topic of one of the tradeoff studies.

When burnup credit is used, the fuel burnup and cooling time
become important parameters. Otherwise, they do not impact the
calculation of ketf. For all cases, the basket geometry, initial
enrichment of the fuel, fuel type, and so forth are the
parameters which affect the reactivity.

For these impact evaluations, criticality becomes a limiting
factor only for the case of miscellaneous fuel types or the

C.3-5
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storage of nonfuel bearing components (NFBC) in which case the
design fuel/moderator volume may be affected.

c.3.5 Mechanical Design Constraints

Mechanical design constraints such as the weight of the basket
and fuel, or the dimensions of the cask cavity limit the number
of fuel assemblies which may be shipped. Table 7 lists the
mechanical design constraints relevant to the tradeoff studies.

Mechanical design constraints do not limit the cask capacity for
the tradeoff study cases where the number of fuel assemblies must
be reduced to meet thermal or shielding criteria. The exceptions
to this are the cases of consolidated fuel shipment and irregular
fuel, which will be discussed below.
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c.4.0 Cask Capacity Impact Evaluations
c.4.1 Capacity Effects of Burnup Credit

By utilizing burnup credit, it is possible to accept either more
fuel assemblies or fuel which is more highly reactive (higher
U235 enrichment). The preliminary design analysis included
burnup credit calculations where it was determined that by taking
credit for fuel burnup, the PWR basket capacity could be
maintained at 21 assemblies for up to 4.5% initial enrichment
fuel.

Due to mechanical, thermal, structural, and shielding

constraints, however, increases in package capacity are not
feasible with the use of burnup credit.

C.4.2 Capacity Effects of Reduced Surface Dose Rate

10CFR71 specifies the design criteria that the dose rate at 2
meters from the cask surface shall not exceed 10 mrem/hr. To
reduce this dose rate, the cask's radiological source term must
be reduced.

Since the dose rate is directly proportional to the neutron and
gamma source strength, the source strength required to meet a
design requirement of 2 mrem/hr maximum dose rate at 2 meters
will be 1/5 that which yielded 10 mrem/hr. The approach of this
evaluation will be to achieve the reduction in source strength by
reducing the number of fuel assemblies to be transported within
the cask.

The impact evaluation was performed for the baseline design cases
plus several variations in fuel burnup and fuel cooling time
which will be discussed below. The results of the evaluation are
provided in Table 8 (10 mrem/hr case) and Table 9 (2 mrem/hr
case). For the design basis fuel parameters, it can be seen that
the PWR capacity must be reduced from 21 to 4 or 5 assemblies in
order to achieve the lower dose rate. The BWR capacity must be
reduced from 52 to between 16 or 17 assemblies. Note that the
information in Table 8 and Table 9 also involves the effects of
reduced fuel cooling time and extended burnup. These items will
be discussed in the following two sections.

One alternative strategy for lowering the exterior dose rate

without suffering a capacity penalty is to load low burnup, high
cooling time fuel on the perimeter of the cask. The self

c.3-7
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shielding effects of the cooler fuel assemblies would reduce
exterior exposures at the expense of additional administrative
controls rather than reduced capacity.

c.4.3 Capacity Effects of Reduced Fuel Cooling Time

Reducing the design basis fuel cooling time from the 10 years to
5 years results in increased thermal and radiological source
terms. This reduces the number of fuel assemblies which may be
shipped without exceeding shielding or thermal constraints.

Table 8 provides the capacities for a 10 mrem/hr cask with
reduced cooling time fuel. Changing the fuel cooling time from
the design basis 10 years to 5 years results in a decrease from
21 to 14 PWR assemblies and from 52 to 43 BWR assemblies.

Table 9 provides similar information for the reduced dose rate
cask.

C.4.4 Capacity Effects of High Burnup Fuel .

The effects of shipping high burnup fuel are similar to the
effects of reduced fuel cooling time in that the radiological and
thermal source strengths are both increased. These increases
reduce the potential number of fuel assemblies that may be
shipped without exceeding the design margins.

Refer to the results presented above in Table 8 and Table 9 which
- include high burnup fuel. By changing the design basis PWR fuel
from 35,000 to 60,000 MWA/MTU, the capacity is decreased from 21
to 9 or 10 assemblies. Likewise, changing the design basis BWR
fuel from 30,000 to 50,000 MWA/MTU, the capacity is decreased
from 52 to 34 assemblies.

c.4.5 Capacity Effects of Consolidated Fuel

In order to determine the impact Jf shipping consolidated fuel,

an analysis was prepared based on thermal and shielding

constraints. The radiological analysis was performed assuming

that only fuel rods were included as consolidated fuel. All the
neutron source and 90% of the gamma source terms were assumed to .

c.3-8
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be present in the fuel rods. Calculations determined that
approximately 10% of the gamma inventory would be present in the
NFBC and thus was not included in the fuel rods. All the heat
source was assumed to be present in the fuel rods.

Consolidation ratios of 1.2:1 and 2.0:1 were analyzed to
determine for each case the maximum number of fuel assemblies
which could be shipped in the cask. The results are presented in
Table 10 (1.2:1 ratio) and Table 11 (2.0:1 ratio). The number of
assemblies should be interpreted as the number of assemblies
prior to consolidation. As in the previous tradeoff studies, a
range of fuel burnup and cooling times is presented.

C.4.6 Capacity Effects of Nonstandard/Failed Fuel, NFBC

The baseline design cask and baskets are not designed to ship the
several non-standard fuel types which are described in Section
1.3.13.1 of the PDR.

Failed fuel may be shipped provided that it is suitably
overpacked in a manner which does not exceed the design
constraints. The overall cask capacity would not be impacted
unless a basket redesign is necessary for mechanical reasons or
criticality design margins are impacted.

The shipment of NFBC is feasible provided that the material is
suitably canisterized. Since the NFBC material has lower thermal
and radiological sources than design basis fuel, there is no
impact on cask capacity.
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c.5.0 Cask_Cost Impact Evaluations

Cost impact evaluations are made for each of the tradeoff study
cases by estimating the cost savings or burdens which would be
imposed by changes in the basket design. Since one premise of
the tradeoff studies are that the design of the cask body remains
frozen, the only hardware costs would be associated with the
basket or basket interfaces.

The evaluations are made using a baseline fabrication cost
estimate of $445k and $595k for the PWR and BWR basket
assemblies, respectively. The baseline PWR basket cost is split
80/20 of which 80% is a cost per stcrage cell which may be
factored according to the number of storage locations or by
differences in per cell material costs. The baseline BWR basket
cost is split 60/40 of which 60% is a cost per storage cell.
Costs per storage cell are assumed to be 70% materials and 30%
labor. Furthermore, it is assumed that a flat amount of $80k in
engineering and fabrication setup costs would be incurred for any
change to a basket design.

c.5.1 Cost Impact of Burnup Credit '

By taking burnup credit, it would be possible to reduce or
eliminate the neutron poison from the basket design. Assuming
that basket cell material savings would be 90% for the PWR basket
and 70% for the BWR basket, the estimated cost sawvings which
could be achieved by taking burnup credit are $224k for the PWR

design and $175k for the BWR design as compared to the baseline
basket costs.

C.5.2 Cost Impact of Reduced Surface Dose Rate

There would be no cost impact due to reducing the design 2-meter
dose rate from 10 to 2 mrem/hr if a staggered fuel loading
pattern is employed or if relatively cool fuel assemblies were
loaded around the perimeter of the cask in order to reduce the
surface dose rates.

c.5.3 Cost Impact of Reduced Fuel Cooling Time

There would be no cost impact due to reducing the design fuel
cooling time from 10 years to 5 years if a staggered fuel loading
pattern is employed or if relatively cool fuel assemblies were '
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loaded around the perimeter of the cask in order to reduce the
surface dose rates.

cC.5.4 Cost Impact of High Burnup Fuel

There would be no cost impact due to increasing the design fuel
burnup if a staggered fuel loading pattern is employed or if
relatively cool fuel assemblies were loaded around the perimeter
of the cask in order to reduce the surface dose rates.

C.5.5 Cost Impact of Consolidated Fuel

The shipment of consolidated fuel would require modifications to
the existing fuel baskets in order to maintain structural safety
marginsg. Since consolidation would reduce the number of fuel
locations in the cask, basket costs would be reduced. The
estimated cost impact for a 1.2:1 consolidation ratio basket is a
cost savings of $102k for PWR fuel and $55k for BWR fuel as
compared to the baseline basket costs. For a 2.0:1 consolidation
ratio, the basket cost savings are $254k and $247k, respectively.
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Burnup Credit

Rev. 1, April 1990 ‘

Lower Surface Dose

Shorter Cooling Time

Higher Burnup

L L

Consolidated Fuel

Misc/Failed Fuel, NFBC

STR = Structural

Notes:
THE = Thermal
SHI = Shielding
CRI = Criticality
MEC = Mechanical

Design Constraint Matrix

Table 1
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| Design Basis Fuel PWR Fuel BWR Fuel
, Specification

| Maximum Burnup, MWd/MTU 35,000 30,000
120

l

|

|

; Cooligngime, Months
iNumber of Fuel Assemblies

Table 2
Design Basis Fuel Parameters

A‘
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Fuel Decay Heat, kW/MTIHM

Burnup (MWd/MTU) 10 yr PWR 5 yr PWR 10 yr BWR 5 yr BWR
30,000 N/E N/E 0.971 1.420
35,000 1.163 1.787 1.160 1.680
40,000 1.360 2.092 1.380 2.040
45,000 N/E N/E 1.600 2.400 .
50,000 1.807 2.766 1.820 2.760
60,000 2.347 3.580 N/E N/E

N/E = Not Evaluated

Table 3
Fuel Thermal Sources

C.3-~-14
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Design Basis Fuel PWR Fuel BWR Fuel
Radiological Source

8.165E+15 6.790E+15

' ‘ 1.331E+08 9.345E+07 J

Table 4
Design Basis Fuel Radiological Sources
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Neutron Source Term, #/sec-MTIHM “
Burnup (MWd/MTU) 10 yr PWR | 5 yr PWR | 10 yr BWR 5 yr BWR
30,000 N/E N/E 1.114E+08 | 9.345E+07.
“ 35,000 1.331E+08 | 1.590E+08 | 2.374E+08 | 1.980E+08
. 40,000 2.553E+08 | 3.040E+08 | 4.585E+08 | 3.811E+08
45,000 4.373E+08 | 5.262E+08 | 8. 855E+08 | 5.640E+08
50,000 7.116E+08 | 8.574E+08 | 1.710E+09 | 7.470E+08 '
55,000 1.075E+09 | 1.269E+09 N/E N/E
60,000 1.565E+09 | 1.889E+09 N/E L N/E

N/E = Not Evaluated

Tabio 5
Neutron Source Strengths
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Gamma Source Term, #/sec-MTIHM
Burnup (MWd/MTU) 10 yr PWR | 5 yr PWR | 10 yr BWR 5 yr BWR
30,000 N/E N/E 1.069E+16 | 6.790E+16
35,000 8.165E+15 | 1.346E+16 | 1.231E+16 | 7.829E+16
40,000 9.361lE+15 | 1.579E+16 | 1.456E+16 | 8.957E+16
45,000 1.041E+16 | 1.741E+16 | 1.681E+16 | 1.034E+17
‘ 50,000 1.158E+16 | 1.983E+16 | 1.906E+16 | 1.173E+16
55,000 1.255E+16 | 2.130E+16 N/E N/E
60,000 1.369E+16 | 2.373E+16 N/E N/E

N/E = Not Evaluated

Table 6
Gamma Source Strengths
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Mechar:ical Parameter

57.00 inches

Cask Cavity Diameter

Cask Cavity Length 180.5 inches ’
Fuel and Basket Weight 52,076 lbs

Table 7
Mechanical Design Parameters
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e
Cask Capacity - 10 mrem/hr Cask

Burnup (MWd/MTU) 10 yr PWR 5 yr Q;R 10 yr BWR | 5 yr BWR
30,000 N/E N/E 52 52
35,000 21 14 52 37
40,000 16-17 11-12 45 30
45,000 N/E N/E 38 26
50,000 14-15 9 34 22
60,000 9-10 6-7 N/E _ N/E

N/E = Not Evaluated

Table 8
10 mrem/hr Cask Capacities
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o _ ]
Cask Capacity - 2 mrem/hr Cask
Burnup (MWd/MTU) —
10 yr PWR 5 yr PWR 10 yr BWR 5 yr BWR
30,000 N/E N/E 16-17 10-11
35,000 4-5 3 13-14 9
40,000 3-4 2~-3 11-12 7-8
45,000 N/E N/E 10-11 6-7 ‘
50,000 3 2 9-10 5-6
60,000 2 1 N/E N/E

N/E = Not Evaluated

Table 9
2 mrem/hr Cask Capacities
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Cask Capacity - 1.2:1 Consolidation Ratio
Burnup (MWd/MTU) 10 yr PWR Sjr PWR 10 yr BWR | 5 yr BWR
30,000 N/E N/E 52 36
35,000 17 12 43 31
40,000 9 10 38 25
45,000 N/E N/E 32 22
‘ 50,000 7 8 28 18
60,000 S 6 N/E N/E
N/E = Not Evaluated
Table 10

1.2:1 Consolidation Ratio Capacities

‘ c.3-21



NuPac 140-B Cask PDR Rev. 1, April 1990 ‘
Section C.3

Cask Capacity - 2.0:1 Consolidation Ratio
Burnup (MWd/MTU) —
30,000 N/E N/E 32 22
35,000 11 7 27 19
40,000 9 6 23 15 ‘
45,000 N/E N/E 19 13
50,000 7 5 17 11
60,000 5 3 N/E N/E

N/E = Not Evaluated

Table 11
2.0:1 Consolidation Ratio Capacities

Cc.3-22
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‘I'} 1.0 INTRODUCTION

The design of the NuPac 140-B shipping cask has been
optimized for the design conditions described in the
preliminary design report (PDR) (Reference 1). Addi-
tional trade-off studies (Reference 2), which are the
subject of this report, were performed to assess the
effect on cask capacity for various enrichment, burnup,
and decay time assumptions for PWR and BWR spent fuel
assemblies. The study considers these variables in a
parametric fashion to provide sufficient technical and
economic information to support the selection of an
optimum cask design basis for final design and NRC
certification. The redesign studies to accommodate
increased capacity were performed using specific combi-
nations of enrichment, burnup and decay time for the PWR
and BWR cask capacities as outlined in Reference 2.

‘ The neutron and gamma radiological source strengths and
the decay heat per assembly were determined using the
ORIGENZ computer code (Reference 3). These values were
used in the ANISN computer code (Reference 4) to deter-
mine the cask shielding thicknesses (neutron and gamma
shield) to meet the 10CFR71 requirements for contact
dose rate and dose versus distance criteria.

The studies were performed by developing scoﬁing
algorithms for the basic cask design parameters as a
function of the varying fuel parameters. The resulting
shield thicknesses and cask inside diameter were input
to the algorithm. Cask system weights and temperatures
were outputs from the algorithm. Once these output
parameters were determined for the various cask capaci-
ties, an economic evaluation was performed to assess the
‘ impact on cost and schedule of proceeding with a rede-
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signed cask system. The results are summarized in
graphical and tabular form. Presenting the results i.
this manner permits each of the combinations of burnup,
enrichment, and decay time to be independently con-
sidered, which ensures ease of interpretation of the

results.

The following sections of this report summarize the
calculational methodology used to perform the trade-off
studies and the results.
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2.0

SUMMARY OF CALCULATION METHODS

The computer code ORIGENZ2 (Reference 3) is used to
determine the neutron and gamma source strengths and the
decay heat per fuel assembly for the given parameters.
These parameters include the weight percent initial
enrichment of U-235, the burnup or fissile material
depletion resulting from irradiation, and the decay
times following reactor discharge for the PWR and BWR
fuel assemblies. Discrete neutron and gamma source
strengths are used to determine the total cask neutron
and gamma source strengths for shielding evaluation with
various cask payloads. These source strengths are used
in the computer code ANISN (Reference 4) to determine
the optimum neutron and gamma shield layer thicknesses
to satisfy the 10CFR71 dose rate limit of 10 mrem/hr at
two meters from the cask surfaces which is the limiting
condition.

The neutron and gamma shield layer thicknesses were used
to calculate the total weight of the cask on the hook
and transporter for various cask payloads using the
algorithms described in Appendix D. These shield layer
thicknesses and the decay heat values from ORIGEN2
results were used to calculate the temperature distribu-
tion in the cask layers for various cask payloads using
the algorithms described in Appendix C. The ‘following
sections describe these calculation methods in more
detail.
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2.1 Computexr Codes Used ‘
ORIGEN2

The ORIGEN2 code (Reference 3) computes the concentra-
tions and radiocactivity of fuel assemblies which undergo
irradiation in a nuclear reactor and decay after removal
from the reactor core. It has the ability to compute
the isotopic fractions, radioactivity, decay thermal
power, toxicity, neutron absorption, neutron emission,
and photon emission for various isotopes in the fuel
assembly.

ORIGEN2 is applicable to spent fuel shipping package
analysis for developing neutron and gamma radioactive
decay source strengths to be used in shielding analysis,
and to provide thermal energy generation rates for use

in thermal analysis. ORIGEN2 is an industry standard ‘
code which is supplied by Oak Ridge National Labora-
tory’s Radiation Shielding Information Center

(ORNL/RSIC) .

ANISN

The ANISN code (Reference 4) solves the one-dimensional
Boltzmann transport equations for neutrons and/or gamma
rays in a slab, spherical, or cylindrical geofmnetry. The
source may be fixed, fission, or a subcritical combina-
tion of the two. Cross-sections may be weighted using
the space and energy dependent flux generated in solving
the transport equation.

The ANISN code was designed to solve deep penetration
problems in which angle-dependent spectra are calculated
in detail. ANISN includes a technique for handling
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general anisotropic scattering, point-wise convergence
criteria, and alternate step function difference
equations that effectively remove the oscillating flux
distributions sometimes found in discrete ordinates
solutions.

ANISN is suitable for parametric studies of spent fuel
shipping package geometries. A limitation of ANISN is
its inability to model multi-dimensional geometries,
especially streaming paths, however, it is well suited
for this trade-off study considering the assumptions
described in Section 2.3. ANISN is an industry standard
code available through ORNL-RSIC.

The algorithms for the trade-off study were developed in
the form of a LOTUS 1230 Release 2.2 worksheet. Two
worksheets were developed. The first worksheet called
"RADIALTH.WK1" provides a fast and simple method of
calculating the radial steady-state temperature distri-
bution of a multi-layered cask containing spent fuel.
The worksheet uses a one-dimensional thermal resistance
technique to calculate the temperature distribution
through the cask wall. The use of the worksheet, the
calculation method used with the associated equations,
the worksheet program flow, worksheet modification
guidelines, sample problems, and the LOTUS 123® cell
listing of the worksheet along with the thermal property
library for various cask materials is provided in
Appendix C.

A second worksheet called "140B-WT.WK1l" calculates the
weight of the cask. It calculates the maximum weight of
the cask on the crane hook and the maximum shipping
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bly capacities and different thicknesses of shielding
materials. The use of the worksheet, calculation tech-
niques, and the LOTUS 123® worksheet with the formulas
used is provided in Appendix D. The user has the option

weight of the cask for different numbers of fuel assen'

of linking this weight worksheet to the temperature
worksheet described in Appendix C. When linked to-
gether, the weight worksheet will use the values of
various cask layer thicknesses from the temperature
worksheet internally without being input by the user.
Appendix D describes this option in detail.

Key Assumptions

The key assumptions used in this trade-off study are
described below.

A. The enrichment, burnup, and decay times combinati
cases considered are those that were described i
the NuPac proposal (Reference 2).

B. Criticality calculations and structural analysis
were not a part of this trade-off study (Reference
2).

c. The cask system must meet the requirements of
10CFR71 for shielding criteria. !

D. The cask shielding requirements were developed
ﬁaing the cask internal cavity and basket dimen-
sions based on the preliminary design report
results (Reference 1l). These parameters are used
to define the homogenized source region in the cask
internal cavity. Since the principal shielding is
provided by the shielding layers in the cask, mir‘
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changes to the basket and internal cavity dimen-
sions will have insignificant impact on the overall
results of these trade-off studies.

The neutron and gamma source terms are based on the
fixed basket diameter, length, and weight from the
Reference 1 design. Similar to assumption D above,
minor changes to these parameters will have insig-
nificant impact on the overall results of these
trade-off studies.

The fuel assembly structural material weights and
composition are similar to the BWR and PWR fuel
assemblies modeled in Reference 5.

The modeling methodology for ANISN computer models
is the same as Reference 1.

The shielding requirements for the cask top and
bottom end were not a part of this trade-off

study. Based on the results of the PDR (Reference
1), the two meter radial dose was bounding for both
axial and radial directions. Although the axial
shielding requirements will also increase for
higher burnup, lower decay times cases, since they

constitute only 15% of the total cask system

weights, they will not have major impact on the
results of these trade-off studies.

The total weight of the cask is calculated assuming
constant values for the cask top and the bottom end
pieces based on the Reference 1 values. Section
2.4.4 describes the basis for this assumption.

2.5



J. The cross-section data set used for the BWR ORIG
analysis for higher burnup cases is taken from '
Reference 5, which gives only one cross-section
data set for all burnup cases. Additional cross-
section data sets under development by the Oak
Ridge National Laboratories (ORNL) were not avail-
able or approved at the time of this trade-off
study.

2.4 sSuppoxting Calculations

This section describes the various calculations
performed to support this trade-off study.

" 2.4.1 Calculation of Neutron and Gamma Source Strengths and
Decay Heat Using ORIGEN2 Computer Code

The input to the ORIGEN2 computer code for the PWR fu’
source strength calculation was a generic 17xl17 Westin
house standard PWR fuel assembly. The specific power

and shutdown periods were the same as those specified in
Reference 5. Appendix A.l1 shows the fuel assembly
material weights used in the ORIGEN2 computer code
models. Appendix A.2 shows a typical ORIGEN2 input file
prepared using these inputs. '

For the BWR fuel source strength calculationé, a General
Electric 8x8 BWR fuel assembly was used as input to the
ORIGEN2 computer code. The specific power and shutdown
periods were the same as those specified in Reference

S. Appendix A.l shows the fuel assembly material
weights used in the ORIGEN2 computer code models.
Appendix A.2 shows a typical ORIGEN2 input file prepared

using these inputs.
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The output from the ORIGEN2 code is the neutron and
gamma source strengths and decay heat per fuel assembly
for the top nozzle, gas plenum, bottom nozzle, and in-
core regions of the fuel assembly. Additional output
was also obtained including the source strengths and
decay heat for the total "WHOLE" fuel region which
includes the sum of the individual fuel assembly regions
described above. For the cask shielding and thermal
analysis, the values for the "WHOLE" regions are conser-
vatively used in the radial shielding and thermal calcu-
lations. Section 6.0 summarizes the results of these
ORIGEN2 runs in tabular form. Tables 6.1 through 6.4
show the neutron and gamma source terms for one fuel
assembly for various burnups, cooling times, and enrich-
ments. The gamma source strength and the decay heat
(Tables 6.5 and 6.6) are the sum of activation products,
actinides plus daughters, and fission product source
terms for each region of the fuel assembly. The neutron
source term is the sum of neutrons generated due to
(alpha, n) reactions and spontaneous fission neutron
sources in the fuel assembly.

Figures 6.1 through 6.3 show typical gamma energy
spectrums for BWR fuel assembly with 3% initial U235
enrichment and 30,006‘MND/MTIHM burnup for 5, 10, and 15
year decay times respectively. Figures 6.4 through 6.6
show typical gamma energy spectrum for PWR fuel assembly
with 3% initial U235 enrichment and 35,000 MWD/MTIHM
burnup for 5, 10, and 15 years decay times

respectively. Figures 6.7 and 6.8 show the plots of
decay heat per fuel assembly versus decay times for
various burnups of BWR and PWR fuel assemblies
respectively.

r
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2.4.2

Calculation of Shield Thicknesses Using ANISN Computer
Code ‘
Using the neutron and gamma source strengths and the
photon spectra from ORIGEN2 outputs, ANISN models are
prepared to calculate the neutron and gamma dose rate at
the cask surface and two meters from the cask surfaces.
The methodology for ANISN modeling is the same as that
described in Reference 1. The cross-section data set
(DLC=-23, Reference 6) was the same as that used in
Reference 1. The "CASK" DLC-23 cross-section library

data set contains coupled 22 neutron and 18 gamma ray
energy groups. The P1S8 quadrature data set was also

used with cylindrical geometry in the ANISN models. A
sample ANISN input file for PWR and BWR fuel is included
in Appendix B. For 3WR and PWR fuels the Appendix B

input files do not show the entire 14* array (the cross-
section data) due to the voluminous nature of the cros'
section data. The flux-to-dose conversion factors are

the same as those used in Reference 1.

ANISN runs were made with various thicknesses of gamma
and neutron shields to determine the optimum shield
thicknesses for a given burnup, cooling time, and
initial enrichment of the given fuel with various
numbers of fuel assemblies per cask. The dose rate of
10 mrem/hr at two meters from the cask surfaces was the
limiting criteria for the shielding analysis. The
neutron and gamma shield layer thickness were chosen
such that the total dose at two meters from the cask
surface was less than 10 mrem/hr for the given cask
payload. Section 6.0 summarizes the results of these
ANISN runs in tabular form. Tables 6.7 and 6.8 show the
gamma and neutron shield layer thicknesses required for
a given burnup, initial anrichment, cooling time, and
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cask payload. These shield thicknesses yield a total
dose at two meters from the cask surface of less than 10
mrem/hr, thus satisfying the 10CFR71 shielding
requirements.

Calculation of Cask Outer Surface and Cask Inner Shell
Temperatures

Using the decay heat values from Section 2.4.1 and the
cask shielding (neutron and gamma) thicknesses from
Section 2.4.2, the algorithms described in Appendix C
were used to determine the temperature distribution
through the various cask layers.

The ambient temperature was conservatively assumed to be
130°F and the maximum solar heat flux on the cask out-
side surface was 125 Btu/hr. ££2 per the requirements of
10CFR71. Section 6.0 summarizes the results of these
calculations. Tables 6.9 and 6.10 show the cask outside
surface temperature and the cask inner shell temperature
for the various combinations of parameters. Figures 6.9
and 6.10 show typical temperature distribution through
various cask layers with BWR and PWR baskets respec-
tively. Figures 6;11 and 6.12 show cask outer surface
temperature as a function of total cask cavity heat load
for BWR basket with 52 fuel assemblies and PWR basket
with 21 fuel assemblies respectively. !

Calculation of Cask Outside Diameter and Total Hook
Weight’

The shielding material thicknesses from Section 2.4.2
were used to calculate the cask outside diameter for
various configurations. The algorithms described in
Appendix D were used to calculate the cask total hook
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weighf. The weights c: the cask top and bottom end
pieces (i.e. bottom closure plate, bottom neutron ‘
shield, bottom inner disk, top closure plate, top

neutron shield, top inner disk, basket) lift fixtures

and impact limiters which are assumed to be the same as
those of Reference 1 values for this trade-off study.

Note that when the cask outside diameter is.increased to
accommodate thicker neutron and/or gamma shields, the
weights of some of the components above will change.

These changes were not a part of this trade-off study.
This will not have a significant impact on the results

of this trade-off study because the weights of the top

and bottom end pieces only account for approximately 15%
of the total cask hook weight. Section 6.0 summarizes

the results of these calculations. Tables 6.11 and 6.12
show the cask outside diameter and the total weight of

the cask on the hook for various combinations of
parameters. Figures 6.13 and 6.14 show a plot of tota
cask hook weight as a function of total gamma source '
strength in the cask inner cavity for BWR and PWR

baskets respectively.
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3.0

RESCRIPTION OF REDESIGNED CASK SYSTEM

The redesigned cask systems are assumed to be the same
as the design basis cask system described in Reference 1
for purposes of this study except for the cask shield
thicknesses, weight, and outside diameter. The cask
internal fuel basket designs are assumed to be the same
except for the number of spent fuel cells; i.e., cask
payload. The shield thicknesses, weights, and outside
diameters for the various combinations of cask capacity,
initial enrichment, burnup, and decay time considered in
the trade-off studies are presented in Tables 6.7, 6.8
and 6.11 through 6.12.
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4.0

The design basis cask capacity is 21 fuel assemblies for
the PWR basket and 52 fuel assemblies for BWR basket.
The cask capacities for the redesign and downrated cases
considered in this trade-off study are as follows:

PWR Basket . _DWR Bagket ==~
Redesign Downrated Redesign Downrated
26 6 64 24
12 32
18 48
DOE~-OCRWM-TOS 4.1
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0

Cost impact evaluations are made for each of the trade-
off study cases by estimating the cost savings or
burdens which would be imposed by changes in the cask
design. The changes considered are limited to changes
in cask outside diameter, shield layer weights, and
capacity. Cask capacity changes are limited to changes
in the number of cells in the fuel basket. Since

changes to cask diameter and weight are caused by shield

thickness changes, the cost impact of cask diameter,
weight, and shield thickness changes are considered a
function of shield thickness changes only. Cost impact
evaluations were not made for the trade-off study cases
where the maximum allowable hook weight of 200,000
pounds is exceeded. Also, since the cask body for the
BWR and PWR baskets is assumed to be the same, the BWR
and PWR base case cask shield thicknesses are assumed to
be the same. Therefore, if the calculated required BWR
cask shield thickness is equal to or less than the PWR
base case thickness of 3.5 inches, a value of 3.5 inches
is assumed for the cost and schedule impact evaluation.

The cost impact evaluations are made using baseline
fabrication cost estimates from the preliminary design
report (Reference 1) as follows:
)
Item . PWR BWR
Cask Body $1,736K $1,736K
Fuel Basket $ 445K $§ 595K

The baseline PWR basket cost is split 80/20 of which 80%
is a cost per storage cell which may be factored accord-
ing to the number of storage locations. The baseline
BWR basket cost is split 60/40 of which 60% is a cost
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per storage cell. Furthermore, it is assumed that a
flat amount of $80K in engineering and fabrication set.
costs would be incurred for any change to the cask.

The baseline BWR and PWR cask body cost is assumed to be
50% materials and 50% labor. The labor costs are con-
sidered constant and the shielding material is assumed
to represent 20% of the cask body materials costs.

The cost per metric ton of heavy metal which can be
shipped in each of the cask designs considered in the
trade-off studies was also evaluated. Since this cost
varies inversely with the number of storage cells and
thus the fabrication costs, such an evaluation provides
a more complete picture of the overall cost impact of
cask capacity changes.

The results of the cost impact evaluation are included‘
in Tables 6.13 and 6.14 for each of the cases included
in the trade-off studies.

Schedule impact evaluations are made for each of the
trade-off study cases by estimating the time savings or
delays which would be imposed by changes in the cask
design. The cask change items considered for the
schedule impact evaluations are the same as those used
for the cost impact evaluation. !
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The baseline fabrication schedule estimates from the

preliminary design report (Reference 1) are as follows:

Item PWR BWR
Cask Fabrication 50.2 Weeks 50.2 Weeks
Basket Fabrication 30.8 Weeks 30.8 Weeks

There would be no schedule impact due to shield thick-
ness changes in the small range required for the
redesign cases considered in these trade-off studies.
The schedule impact associated with cask capacity
changes are estimated, assuming that 80% of the basket
fabrication time is directly proportional to the number
of storage cells in the basket. Therefore, for the
design base case, 24.6 weeks (30.8 weeks x 80%) would
represent the variable basket fabrication time associ-
ated the number of fuel storage cells in a 21 element
basket.

The results of the schedule impact evaluation are
included in Tables 6.13 and 6.14 for each of the cases
included in the trade-off studies.
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6.0 CONCLUSIONS

‘ The conclusions of the trade-off studies are presented
in the Tables 6. 1 through 6.14 and Figures 6.1 to
6.18. As discussed earlier, the results are presented
in a form which permits each of the combinations of
burnup, enrichment, and decay time to be independently
considered, which ensures ease of interpretation of the
results.

Tables 6.1 through 6.4 present the neutron and gamma
source strengths for one fuel assembly for various burn-
ups, cooling times, and enrichments. Tables 6.5 and 6.6
show the decay heat as a function of burnups, cooling
times, and enrichments. These tables are the results of
the ORIGEN2 computer runs and are the inputs for the
shielding, cask outside diameter, and cask weight
evaluations.

' Tables 6.7, 6.8, 6.11 and 6.12 present the cask shield-
ing thickness, outside diameter, and weight results as a
function of burnup, cooling time, and decay heat. Cask
shielding thickness and weight results for all cases
considered are presented, although a limit of 200,000
pounds is placed on the cask weight by these trade-off
studies.

)
Tables 6.9 and 6.10 present the cask inner shell and
outside surface temperature results for the various
‘combinations of burnup, cooling time, and enrichment
which were considered in this trade-off study. Since
these trade-off studies did not include any constraints
on cask surface or inner shell temperature, the results
were not compared with any design limits.
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Tables 6.13 and 6.14 present the results of the cost
schedule impact evaluation. Results are presented fo’
all cases except those where the cask weight constraint
of 200,000 pounds is exceeded.

Review of the results indicates that the most optimum
decay time for shipment of both BWR and PWR fuel
assemblies in this cask design is 10 years. These
trade-off studies also indicate that the optimum number
of fuel assemblies per basket is 52 for BWR and 21 for
PWR fuel baskets. Although assemblies with higher
burnup and -"maller decay times can be shipped in this
cask desigr :he cost per metric ton increases for these
cases.

Review of the results also indicates that the most
influential parameter on the fabrication costs for a
given burnup and initial enrichment, expressed in te

of cost per metric ton of initial heavy metal (MTIHM)
stored, is the cask payload in number of fuel assem-
blies. This is shown in Figures 6.15 through 6.18 for
the base case initial enrichment and burnup BWR and PWR
casks. These figures show only very small variations in
cost with different decay times, reflecting the small
variations in shield thickness and the relatively small
influence that shield thickness changes have on the
fabrication cost. In fact, for the BWR cask which has
no changes in shield thickness for the base case, there
is no variation in cost versus decay time for a given
cask payload. There is, however, a significant differ-
ence in cost versus payload. Similar comparisons for
the other initial enrichment and burnup cases provide
the information necessary to choose optimized designs
based on minimum cost per quantity of spent fuel

shipped. ‘
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Table 6.1

BWR FUEL - TOTAL GAMMA SQURCE STRENGTH

Total Gamma Source as a Function of
Enrichment, Burnup, and Decay Time

(Photons/Sec/Assembly)
Enrichment (% U-=235) 3.0% 4.0%
Burnup (GWD/MTU) 30 40 50
5 2.05E15 2.77E15 3.41E15
Decay Times 10 1.24E15 1.64E15 2.06E15
(Years) 15 1.02E15 1.33E15 1.67E15
Table 6.2
PWR FUEL- TOTAL GAMMA SOURCE STRENGTH
Total Gamma Source as a Function of
Enrichment, Burnup, and Decay Time
(Photons/Sec/Assembly)
Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 35 45 55
R 5 6.62E15 8.47E15 1.05E16
Decay Times 10 3.78E15 4.91E15 5.95E15
(Years) 15 3.06E15 3.96E15 ' 4.75E15
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Table 6.3

Neutron Source Strength per Assembly as a Function of
Enrichment, Burnup, and Decay Time
(Neutrons/Sec/Assembly)

Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 30 40 50
5 3.454E7 1.263E8 1.704E8
Decay Times 10 2.883E7 1.048E8 1.413E8
(Years) 15 2.414E7 8.715E7 1.175E8
Table 6.4

Neutron Source Strength Per Assembly as a Function of
Enrichment, Burnup, and Decay Time
(Neutrons/Sec/Assembly)

Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 35 45 -1
im 5 1.665E8 2.466E8 6.440E8
Decay Times 10 1.385E8 2.049E8 ' 5.339E8
(Years) 15 1.155E8 1.705E8 4.432E8
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Table 6.5
BWR FUEL - DECAY HEAT PER ASSEMBLY

Decay Heat as a Function of
Enrichment, Burnup, and Decay Time

(KWatt/Assembly)
Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 30 40 50
: 5 0.276 0.397 0.495
Decay Times 10 0.183 0.263 0.334
(Years) 15 0.158 0.226 0.286
Table 6.6
EWR _FUEL- DECAY HEAT PER ASSEMBLY
Decay Heat as a Function of
- Enrichment, Burnup, and Decay Time
(KWatt/Assembly)
Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 35 45 55
L] 0.907 1.170 1.548
Decay Times = g, 0.573 0.749 0.995
(Years) 15 0.488 0.635 ' 0.837
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Table 6.7 ‘
EWR CASK SHIELDING THICKNESS

Shielding Thickness as a Function of
Enrichment, Burnup, Capacity, and Decay Time
{(inch)

Decay Time = 5 years

Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 30* 40* 50%*
- 24 3.13 3.38 3.25/6.38
Number of 32 3.13 3.63 3.50/6.38
Fuel Assemblies 48 3.50 4.00 3.75/6.38
52 3.50 4.00 3.88/6.38
64 3.75 4.25 4.00/6.38

Decay Time = 10 years

Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 30+ a0+ Soxw .
24 2.50 2¢88 2.75/6.38
Number of 32 2.75 3.00 3.00/6.38
Fuel Assemblies 48 2.88 3.38 3.25/6.38
52 3.00 3.50 3.25/6.38
64 3.13 3.75 3.50/6.38

Decay Time = 15 years

Enrichment (% U-235) 3.0% : 4;0%
Burnup (GWD/MTU) 30* 40* 50%%
: 24 2.25 2.50 2.50/6.38
Number of 32 2.38 2.75 2.75/6.38
Fuel Assemblies 48 2.75 3.00 3.00/6.38
52 2.75 3.00 3.00/6.38
64 2.88 3.25 3.13/6.38

* Required lead (gamma shield) thickness in inches. The
Borosilicone (neutron shield) thickness is 5.375".

** Required lead/Borosilicone (gamma/neutron shield) thickness i
inches. b

DOE-OCRWM~-TOS 6.6
Ravision 0



Table 6.8

EWR _CASK SHIELDING THICKNESS
Shielding Thickness as a Function of
Enrichment, Burnup, Capacity, and Decay Time
(inch)

Decay Time = 5 years

Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 35* 45%* 55%*
6 3.25 3.38 3.38/6.38
_ Number of 12 3.75 3.88 4.00/6.38
Fuel Assemblies 18 4.00 4.00 4.25/6.38
21 4.13 4.25 4.38/6.38
26 4.25 4.38 4.50/6.38

Decay Time = 10 years

Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 35% 45% 55%*%
6 2.75 2.88 3.00/6.38
Number of 12 3.13 3.25 3.38/6.38
Fuel Assemblies 18 - 3.38 3.63 3.63/6.38
21 3.50 3.75 3.75/6.38
26 3.63 3.88 4.00/6.38
Decay Tin. = 15 years
Enrichment (% U-235) 3.0% 4.0% ,
Burnup (GWD/MTU) 35* 45%* . S55%*
6 2.50 2.50 2.63/6.38
Number of 12 2.88 3.00 3.00/6.38
Fuel Assemblies 18 3.13 3.25 3.38/6.38
21 3.25 3.38 3.50/6.38
26 3.38 3.50 3.63/6.38

* Required lead (gamma shield) thickness in inches. The
Borosilicone (neutron shield) thickness is 5.375".

** Required lead/Borosilicone (gamma/neutron shield) thickness in
inches.
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Table 6.9

B ‘

Cask Outer Surface/Inner Shell Temperature as a Function of
Enrichment, Burnup, Capacity,’a&d Decay Time
for 130°'F Ambient and 125 BTU/hr.ft“ Solar Heat Flux
(°F)

Decay Time = 5 years

Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 30 (1)/(2) 40 (1)/(2) 50 (1)/(2)
24 233/297 245/336 254/372
Number of 32 243/328 258/377 269/424
Fuel Assemblies 48 260/386 281/456 297/524
52 265/397 287/470 303/548
64 277/438 303/525 322/619

Decay Time = 10 years

Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 30 (1)/(2) 40 (1)/(2) 50 (1)/(2‘
24 223/267 232/293 238/320
Number of 32 230/288 241/322 249/357
Fuel Assemblies 48 243/328 258/378 270/429
52 246/338 262/389 275/447
64 254/367 274/428 289/497
Decay Time = 15 yoi:-
Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 30 (1)/(2) 40 (1)/(2) 50 (1)/(2)
24 221/259 228/282 234/304
Number of 32 226/277 236/307 243/337
Fuel Assemblies 48 238/312 251/355 261/399
52 240/321 254/368 266/415
64 248/347 265/402 278/460

1. Cask outer surface temperature (°F).
2. Cask inner shell temperature (°F).

DOE~-OCRWM-~TOS
Revision 0

6.8




Table 6.10

Cask Outer Surface/Inner Shell Temperature as a Function of

Enrichment, Burnup, Capacity, aEd Decay Time
for 130°'F Ambient and 125 BTU/hr.ft

(*F)

Decay Time = 5 years

Solar Heat Flux

Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 35 (1)/(2) 45 (1)/(2) 55 (1)/(2)
6 228/281 235/302 243/336
Number of 12 250/354 263/39%4 278/458
Fuel Assemblies 18 271/424 289/482 309/573
21 281/457 300/523 324/628
26 295/512 319/591 346/716

Decay Time = 10 years

Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 35 (1)/(2) 45 (1)/(2) 55 (1)/(2)
6 219/253 224/268 230/291
Number of 12 234/301 243/330 254/374
Fuel Assemblies 18 248/348 261/389 276/453
21 255/371 269/413 287/491
26 266/408 283/459 303/552

Decay Time = 15 years ,

Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 35 (1)/(2) 45 (1)/(2) 55 (1)/(2)
6 216/246 221/259 226/278
Number of 12 230/288 237/312 247/349
Fuel Assemblies 18 242/328 253/363 266/417
21 248/348 261/388 275/450
26 258/380 273/429 290/503

1. Cask outer surface temperature (°F).
2. Cask inner shell temperature (°F).
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Table 6.11 .
BWR CASK OD AND WEIGHT

Cask Outsidé Diameter and Weight as a Function of
Enrichment, Burnup, Capacity, and Decay Time

Decay Time = 5 years

Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 30- (1)/(2) 40 (1)/(2) 50 (1)/(2)
24 81.01/167100 81.51/171300 83.26/173100
Number of 32 81.26/174000 82.01/180300 83.76/182100
Fuel Assemblies 48 81.76/187800 82.27/196300 84.26/196000
52 81.76/190200 82.27/198700 84.51/200500
64 82.26/201700 83.26/210200 84.76/210000
Decay Time = 10 years
Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 30 (1)/(2) 40 (1)/(2) 50 (1)/(2
24 79.76/156700 80.51/163000 82.26/164700
Number of 32 80.26/165700 80.76/169800 82.76/173700
Fuel Assemblies 48 80.51/177300 81.51/185700 83.26/187500
52 80.76/181800 81.76/190200 83.26/189900
64 81.01/191100 82.26/201700 83.76/201300
Decay Time = 15 years
Enrichment (% U-235) 3.0% , 4.0%
Burnup (GWD/MTU) 30 (1)/(2) 40 (1)/(2) 50 (1)/(2)
24 79.26/152600 79.76/156700 81.76/160600
Number of 32 79.51/159500 80.26/165700 82.26/169500
Fuel Assemblies 48 80.26/175300 80.76/179400 82.76/183300
52 80.26/177700 80.76/181800 82.76/185700
64 80.51/186900 81.26/193200 83.01/195000

l. Cask outside diameter (in).
2. Cask system weight (1b).
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Table 6.12

PWR_CASK OD AND WEIGHT

Cask Outside Diameter and Weight as a Function of

Enrichment, Burnup, Capacity,

Decay Time = 5 years

and Decay Time

Enrichment (% U-235) 3.0% .0%
Burnup (GWD/MTU) 35 (1)/(2) 45 (1)/(2) 55 (1)/(2)
6 81.26/162600 82.01/164700 83.51/168600
Number of 12 82.26/180200 82.51/182300 84.76/188400
Fuel Assemblies 18 82.76/193500 82.76/193500 85.26/201800
21 83.01/200200 83.26/202400 85.51/208500
26 83.26/210000 83.51/212100 85.76/218300

Decay Time = 10 years

Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 35 (1)/(2) 45 (1)/(2) 55 (1)/(2)
6 80.26/154300 80.51/156300 82.76/162300
Number of 12 81.01/169600 81.26/171700 83.51/177700
Fuel Assemblies 18 81.51/182900 82.01/187100 84.01/191100
21 81.76/189600 82.26/193800 84.26/197700
26 82.01/199200 82.51/203500 84.76/209600

Decay Time = 15 years

Enrichment (% U-235) 3.0% 4.0%
Burnup (GWD/MTU) 35 (1)/(2) 45 (1)/(2) 55 (1)/(2)
6 79.76/150100 | 79.76/150100 | 82.01/156100
Number of 12 80.51/165400 | 80.76/167500 | 82.76/171400
Fuel Assemblies 18 81.01/178700 | 81.26/180800 | 83.51/186800
21 81.26/185300 | 81.51/187400 | 83.76/193500
26 81.51/195000 | 82.51/197100 | 84.01/203200

1. Cask outside diameter (in).
2. Cask system weight (1b).
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Table 6.13

BWR CASK COST AND SCHEDULE IMPACT

Cost and Schedule Impact as a Function of

Enrichment, Burnup, Capacity, and Decay Time

Decay Time = 5 years

Enrichment (% U-235) 3.0% 4.0%
Burmup (GWD/MIU) 30 40 50
(1) (2) (3) (1) (2) (3) (1) (2) (3)
24 | 2219 68 505 2219 68 505 2256 68 514
Nunber 32 | 2274 72 388 2280 72 389 2323 72 397
of Fuel 48 | 2384 79 271 2408 79 274 2446 79 278
Assenblies 52 | 2331 81 245 2436 81 256 - - -
64 - - -— - — - - - -
Decay Time = 10 years
Enrichment (% U-235) 3.0% 4.0%
Burmp (GND/MIV) 30 40
(1) (2) (3) (1) _(2) (3) (1)
24 | 2219 68 505 2219 68 505 2231
Nunber 32 | 2274 72 388 2274 72 388 2299
of Fuel 48 | 2384 79 271 2384 79 271 2421
Assexblies 52 | 2331 81 245 2331 81 245 2448
64 | 2548 87 218 - - - -
Decay Time = 15 years
Enrichment (% U-235) 3.0% 4.0%
Burnup (GHD/MIV) 30 40 . 50
(1) 2) 3) 1) 2) (3) (1) (2) (3)
24 | 2219 68 505 2219 68 505 2219 68 505
Nurber 32 | 2274 72 388 2274 72 388 2286 72 390
of Fuel 48 | 2284 79 271 2284 79 271 2408 79 274
Assenblies 52 | 2331 81 245 2331 81 245 2436 81 256
64 | 2493 87 213 2493 87 213 2524 87 216

1l.Fabrication cost (1989 dollars K).

2.Fabrication time in weeks.

3.Fabrication cost per metric ton of initial heavy metal capacity (1989 dollars K).
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Table 6.14

EWR CASK COST AND SCHEDULE IMPACT

Cost and Schedule Impact as a Function of

Enrichment, Burnup, Capacity, and Decay Time

Decay Time = 5 years

Enrichment (% U-235) 3.0% 4.0%
Burnup (GND/MIV) 35 45 35
(1) (2) (3) (1) (2) (3) (1) (2) (3)
6 | 1994 63 717 2001 63 719 2050 63 737
Nurber 12 | 2121 70 381 2127 70 382 2183 70 392
of Fuel 18 | 2235 78 268 2235 78 268 2297 78 275
Assenmblies 21 | -- - - - - - -- - -
26 | -- - - - - - - - -
Decay Time = 10 years
Enrichment (% U-235) 3.0% 4.0%
Burmup (GWD/MIV) 35 45 55
(1) (2) (3) 1) _(2) (3) (1) (2) (3)
6 | 1970 63 708 1976 63 710 2032 63 730 |
Number 12 | 2090 70 376 2096 70 37 2152 70 387
of Fuel 18 | 2204 78 264 2216 78 266 2266 78 272
Assenblies 21 | 2181 81 224 2273 81 234 2323 81 239
26 | - - -- - - -- - - -
Decay Time = 15 years
Enrichment (% U-235) 3.0% 4.0%,
Burmp (GD/MIV) k1.3 45 55
(1) (2) (3) 1) (2) (3 1) (2) (3)
6 | 1957 63 704 1957 63 704 2013 63 724
Number 12 | 2077 70 373 2084 70 375 2133 70 384
of Fuel 18 | 2192 78 263 2198 78 263 2254 78 270
Asserblies 21 | 2249 81 231 2255 81 232 2311 81 237
26 | 2340 87 194 - - - - - -

1. Fabrication cost (1989 dollars K).

2. Fabrication time in weeks.
' 3. Fabrication cost per metric ton of initial heavy metal capacity (1989 dollars K).
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APPENDIX A.1l
Weights of the PWR and BWR Fuel Assemblies
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APPENDIX A.1l

kg Per PWR Fuel Assembly

Material Top Plenum In-Core Bottom  Total

$8302 0.000 2.990 0.000 0.000 2.990
SS8304 6.890 0.091 0.540 5.900 13.421
Inconel-~718 2.517 .0.714 4.900 1.802 9.932
Nicrobraze-5 0.000 0.079 0.000 0.000 0.079
vo2 0.000 0.000 525.954 0.000 525.954
Zircaloy-4 0.000 5.853 119.983 0.000 125.836
Totals--> 9.407 9.727 651.377 7.702 678.212

kg Per BWR Fuel Assembly

‘ Material Top Plenum In-Core Bottom Total
88302 0.000 1.100 0.000 0.000 1.100
SS304 3.206 0.000 0.000 6.006 9.211
Inconel-X750 0.000 0.000 0.300 0.400 0.700
Uo2 0.000 0.000 207.954 0.000 207.954
Zircaloy-2 0.000 - 4,700 51.200 0.000 55.900
Zircaloy-4 0.000 3.800 43.600 0.000 47.400
Totals--> 3.206 9.600 303.054 6.406 322.265
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Ivpical Origen Input Files for PWR and BWR Fuel Assemblies
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-1

-1

-1

RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
RDA
LIP
LIB
PHO
RDA
IN®
IND
INP
INY
INP
IND
RDA
RDA

ADD
ADD
ADD
ADD
RDA

ADD
ADD
ADD
ADD

ADD
ADD
ADD
ADD

ADD
ADD
ADD
ADD
RDA
BUP

IRP
IRP
DEC
IR®
IRP
IRP
DRC
IR
IRe
IRP
BUP
RDA
RDA
IRF
IRF
IRP
DEC
IRY
IRF
IRF
DEC
IRF
IRF

PEERPINOR RN 0 0000000000000 0000000 000000000000 44040¢
4

20

PWR3-35.05

1/25/90, 11:38

3.0% W17x17 std.
35000 Mwd/MTIHM

206

9 3

NuPac OCRWM Cask Add’l Tradeoff Studies

4 14
FH000000 0000000080000 0000000000088 000000000000 040004 04

011

OF FUERL AND FURL ASSEMBLY MATERIALS

B

Y ool

000000 00000

2 4
(1} PNFS Project 420-0810
" Input Filename:
+ Creation Date:
#4 Fuel Type:
#% Burnup:
L
o 0 o
-112213 204
101 102 103 10
READ UNIT AMOUNTS
-1 1 -1 -1
-2 1 -1 -1
-3 1 -1 -1
-4 1 -1 -1
-5 1 -1 -1
-6 1 -1 -1
MIX TOP, PLENUM,
MIX TOFP ZONE
-2 -7
-3 -7
-4 -7
-3 -7
-6 -7
MIX PLEWUM ZONR
-2 -8
-3 -8
-4 -8
-5 -8
-6 -8
MIX IN-CORB ZOME - SANS U
-2 -9
-3 -9
-4 -9
-5 -9
-6 -9
MIX BOTTON ZOMB
-2 =10
-3 =10
-4 -10
-3 -10
-6 -10
IRRADIATE ONR MTIHM OF UO.
103.70 37.8%
207.41 37.58
.11 37.5
417.11
520.81 37.8
624.52 37.8
728.22 37.5
$34.22
937.93 37.9
1041.63 37.5
1148.33 37.8%

HREREENEEEREE NOOOO0O 00000

ONB MTIHM UO2

ONR KG ZIRCALOY-4
ONR KG INCONEL-718

ONE KG S8 302
ONR KG 38 304

ONE KG NICROBRAZR-50
IN-CORE, AND BOTTOM MIXTURES

IRRADIATE TOP ZONE MATERIAL AT 10% FLUX

103,70
207.41
311.
417.
520.
624.
729.
834.
937.
1041.

=-0.
-0.
=-0.

-0.
-0.
-0.

-0.
=-0.

e HEE e

NN NN NNNGd

MWD/MTIRM

MWD/NTIRM
MWD /MTIHM
MWD /MTIEM

MWD /MTIHM
MWD/MTIHM
MWD /MTIHM

0.000 ZIRCALOY-4

2.517 INCONBRL~-T718

0.000 388302

6.890 SS304

0.000 NICROBRAIE-50

5.833 ZIRCALOY-4

0.714 INCONEBL-718

2.990 88302

0.091 38304

0.079 NICROBRAZE-50

119.903 ZIRCALOY-4

4.900 INCOMRL-718

0.000 $8302

0.540 38304

0.000 NICROBRAIR-S50

0.000 ZIRCALOY-4

1.602 INCONRL~-718

0.000 ss302

5.900 83304

0.000 NICROBRAIR-50

AT 1008 POWRR

1 4 2 BURNUP = 3089 MWD/MTIRM
1 4 0O BURNUP = 7778 MWD/MTIEM
1 4 0 BURNUP = 11667
1 4 0 106 DAY OUTAGR
1 4 0 BURNUP = 1335¢
1 4 0 DBURNUP = 19444
1 4 0 BURNOP = 23333
1 4 0 106 DAY OUTAGR
1 4 0 BURNUP = 27222
1 4 0 BURNUP = 31111
1 4 0 BURNUP = 33000
7 4 2
? 4 0
7 4 0
7 4 0
7 4 0
7 4 0
7 4 0
7 4 0
7 4 Q
7 4 0

>
[ 8}
[



IRF 1145.33 -0.1 7 7 4 0

RDA

RDA IRRADIATE PLENUM ZONE MATERIAL AT 20% FLUX

IRF 103.70 -0.2 -8 8 4 2
IrF 207.41 -0.2 8 8 4 0
IRF 1.1 =-0.2 8 8 4 0
DRC 417.11 8 8 4 0
IRF 520.81 -0.2 8 8 4 0
IRF 624.52 -0.2 8 8 4 0
IRF 728.22 -0.2 8 8 4 0
DRC 834.22 8 8 4 0
IRF 937.93 -0.2 8 8 4 0
IRF 1041.63 -0.2 8 8 4 0.
IRF 1145.33 -0.2 8 8 4 0
RDA IRRADIATE CORER ZONR (SANS UO2) AT 1008 FLUX

IRF 103.70 -1.0 -9 9 4 2
IR 207.41 -1.0 9 9 4 0
Iry il -1.0 9 9 4 0
DEC 417.11 9 9 4 0
IRF 520.81 -1.0 9 9 4 0
IRP 624.52 -1.0 9 9 4 0
IRF 728.22 -1.0 9 9 4 0
DEC 834.22 9 9 4 0
IrRY 937.93 -1.0 9 9 4 0
Iny 1041.63 -1.0 9 9 4 0
IRP 1145.33 -1.0 9 9 4 0
RDA

RDA IRRADIATRE BOTTOM ZONR MATERIAL AT 208 FLUX

IRF 103.70 -0.2 =10 10 4 2
IRP 207.41 -0.2 10 10 4 0
IRF 311.11 -0.2 10 10 4 0
DEC 417.11 10 10 4 0
IRF 520.81 -0.2 10 10 4 0
IRP 624.52 =-0.2 10 10 4 ]
IRFP 728.22 -0.2 10 10 4 0
DEC 834.22 10 10 4 0
IRY 937.93 -0.2 10 10 4 0
IRF 1041.63 -0.2 10 10 4 0
INY 1145.33 -0.2 10 10 4 0
RDA

RDA MIX A COMBINED IN-CORR ZOME

MOV 9 11 0 1.0

ADD 1 11 0 0.4636¢

RDA MIX A WHOLE ASSEMELY OUT OF THE PARTS

MOV 7 12 0 1.0 TOP ZOWRB

ADD 8 12 0 1.0 PLENUM ZOMB

ADD 10 12 Q 1.0 BOTTOM ZONB

ADD 11 12 0 1.0 (COMBINRD) IN-CORE ZONB
RDA MOVE usnox.r PARTS TO SCRATCE VECTORS

MOV -1 0 1.0 TO® I0ME

MoV O -2 0 1.0 PLENUM IONR

MoV 11 -3 o 1.0 {COMBIWED) IN-CORB Z0MB
MOV 10 -4 0 1.0 BOTTOM ZOME

MOV 12 -3 0 1.0 WEOLE ASSEMELY

TIT SOURCE CHARACTERISTICS OF 3.0%, 35.0 GWD/MTIEM FURL AT DISCHARGE
BAS ONRE W17X17 STD. FURL ASSEMBLY

OPTL 88888 s860°7s s$88s8 888908 882938
OPTA 80880 98878 $888 8888 88886
orTy ss8s88 $86878 $8888 s$88 8 s8 8
cur 9 .01 28 .01 26 .01 27 .01 -1

RDA MOVE VECTORS -1 TERU -5 TO POSITIVE VECTORS FOR OUTPUT
MoV -1 1 Q9 1.0

MOV -2 2 0 1.0

MOV -3 3 0 1.0

MoV -4 4 0 1.0

MOV -3 L] 0 1.0

HED 1 To@

HED 2 PLENWUN

HED 3 IN-CORB

HED 4 BOTTOM

HED S WHOLE

oue -5 1 -1 0

TIT SOURCE CHARACTERISTICS OF 3.0%, 35.0 GWD/MTIHM PUERL AFTER S YRS
DRC S -1 1 5 4

DRC S -2 2 L) 4

DEC L] -3 3 L 4



DEC
DEC
HRD
HED
HED
HED
HED
ouT
TIT
DEC
DEC
DEC
DEC
DEC

HRD
HED
HED
HED
ouT
TIT
DEC
DEC
DEC
DEC
DEC

ouT
TIT
DEC
DEC
DEC
DEC
DEC
HED
HED
HED
HED
HED
ouT
TIT
DEC
DEC
DEC
DEC
DEC
HED
HED
HED
HED
HED
ouT

- BND
ACTINIDRS

2

F X X X-2 W W N N-F W ¥ 3

RawNnrHruw

-5 1

SOURCE CHARACTRRISTICS OF 3.0%,

10
10

-5 1

-4

-5
TOR
PLENUM
IN-CORE
BOTTOM
WHROLR
-1 0

-2
-3
-4
-5
TOP
PLENUM
IN-CORE
BOTTOM
WHOLE
-1 0

KewnNr

LGuoeotn

= &

- b b

35.0 GWD/MTIHM FUEL AFTER 10 YRS

SOURCE CEARACTERISTICS OF 3.0%, 35.0 GWD/MTIHM FURL AFTER 15 YRS

18
13
18
13
15

PR RPN SN o

-8 1

SOURCE CHARACTERISTICS OF 3.0%,

-5 b

SOURCE CHARACTERISTICS OF 3.0%,

S0
50
50
50
50

NeNPE

-5 1

922340

30000
90000
150000
250000
300000
500000

10000
80000
230000
270000
410000
740000

60000
160000
260000

-2
-3
-4
-S

-1
-2
-3
-4
-3
ToOR®
PLENUM
IN-CORR
BOTTOM
WHOLR
-1 0

-1
-2
-3
-4
-3
TOR
PLENUN
IN-CORB
BOTTOM
WHOLE
-1 0

53.1

1.308-02
9.508-01
2.00R-02
1.008-02
1.208-01
2.00R-02

4.00R~01
7.00R=-02
1.808+02

e wnNKE e WwN -

aeLNE

922350 30000.0

$0000
110000
200000
260000
420000
740000

30000
130000
240000
280000
480000
922340

70000
220000
270000

(L RT N N7 RV [C RO NV NE N

[TV XV RV RV )

1.0
15.0

2.0
19.0
10.0

2.0

3.308-04
2.408-02
1.238+00
2.008-02
2.3508-04
2.008-04

1.308B+00
8.008+00
4.708+00

LY W W W LY X ¥ ¥4

o dds

922380 969946.9

60000
130000
220000
270000
480000
820000

60000
160000
250000
290000
500000

0

130000
240000
280000

A.2.3

89.4
16.7
1.0
1.0
25.0
1.0

1.20E-01
3.5082-02
2.008-02
2.008-02
1.60E+01

0.0

6.00R+00
1.908402
5.208402

80000 118600.

140000
240000
290000
490000
830000

70000
220000
260000
400000
720000

[¢]

140000
250000
290000

35.0 GWD/MTIHM FURL AFTER 50 YRS

0

35.0 GWD/MTIEM FUEL AFTER 20 YRS

0.0 ON® MTIHM FUEL

12.

1.
2.
0.

.00E-02
.00E-02
. 25400
.80R+02
.80EB-02

0.0

.00B+00
. 00R+00
.00E+00

ONE
ONE
ONE
ONE
ONE
ONE

ONE
ONE
ONE

K3
KG
KG
KG
KG
KG

XG
KG
KG

0 ONE MFIHM FUEL IMPUR
1 ONE MTIHM FUEBL IMPUR
3.0 ONE MTIHM FUEL IMPUR
0 ONZ MTIHM FUEL IMPUP
0 ONE MTIHM FUBL IMPUP
4 ONE MTIHM FUBL IMPUP

ZIRC-4
ZIRC-4
ZIRC-4
ZIRC-4
ZIRC-4
ZIRC-4

INC-~718
INC-718
INC-718



(=3 N W W N W NN W N-N 3

410000

60000
160000
270000

60000
160000
270000

$0000
130000
220000
270000

WHrHWn ®Wwe W Wre (7]

.35E+01

.50R+00
.00R-01
.00B=-01

.00R-01
.Q0R-01
.00R-01

.Q0R-02
.002-01
.00KE-01
.818-01

420000

70000
240000
280000

70000
240000
280000

60000
140000
240000
280000

. 008401 0
.30E+00 140000
.80B+02 250000
.928+01 410000
.308+00 140000
. 90B+02 250000
. 928401 410000
.00B-01 70000
.118-01 150000
. 508402 250000
. 448402 400000
A.2.4

0.0

.00R+01
.00B+01
.00B-01

.00B+01
.008+01
.00R-01

. 60B-02
.03B+02
.00R-01
.00R-01

0

150000
260000
0

150000
260000
0

80000
160000
260000
740000

0.0

.508-01
. 988+02

0.0

.508-01

6.888+02

0.0

.308-02
.00K~01
. 718-01
.00B=-01

KG

XG
XG
Kag

Kag
KG
KG

KG
KG
KRG
KG

INC-718

88-302
88=-302
88-302

89-304
83-304
88-304

NBRAZE-50
NBRAZE-50
NBRAZE-50
NBRAZE-50



::OOOOOOO..OO.’000000'0000'00000000!000000000000000000::
#4 NuPac OCRWM Cask Add’l Tradeoff sStudies ')
[ Y] PNFS Project 420-0810 4
[ 1) Input Filename: BWR3-30.0S [ 1)
(1) Creation Date: 1/26/90, 10:34 "
4% Fuel Type: 3.0% GR8x8 (14
(1] Burnup: 30000 MwWd/MTIHM (24
" 4
SO0 8 000000000 000000000008000000800000800000000 000400000
o 0 0

-1123 251 282 253 9 3 0 1 1

101 102 103 10
READ UNIT AMOUNTS

-1 1 -1
-2 1 -1
-3 1 -1
-4 1 -1
-5 1 -1
-6 1 -1

MIX TOP, PLENUM,
MIX TOP ZOME

-2 -7
-3 -7
-4 -7
-5 -7
-6 -7
MIX PLENUM ZOWS
-2 -9
-3 -8
-4 -8
-5 -8
-6 -8
MIX IN-CORB ZONE
-2 -9
-3 -9
-4 -9
-5 -9
-6 -9
MIX BOTTOM ZONE
-2 -10
-3 -10
-4 -10
o -10
-6 -10

IRRADIATE OMER MTIRM OF VO

OF FUEL AND FURL ASSEMBLY MATERIALS

-1 1 1 ONE MTIHM UO2

=1 1 1 ONB KG ZIRCALOY-4
-1 1 1 ONR KG ZIRCALOY-2
-1 1 1 ONE KG INCONEBL-X730
-1 1 1 ONR KG 388 302

=1 1 1 ONE KG 38 304

IN-CORB, AND BOTTOM MIXTURES

.000 ZIRCALOY-4
.000 ZIRCALOY-2

. 000 INCONEBL-X750
. 000 s8302

.206 38304

.800 ZIRCALOY-4

. 700 ZIRCALOY-2

. 000 INCOMEL-X730
.100 88302

.000 38304

- X-X-X- I -Y-Y-X-¥ -

= SANS UO2
. 600 ZIRCALOY~-4
.200 ZIRCALOY~2
.300 INCONEL~X730
.000 88302

.000 88304

X3
MNOOCOCO Qoorw oOrOoOMaW Wwoooo

.000 ZIRCALOY-4
-000 ZIRCALOY-2
.400 INCONEL-X750
.000 88302

.006 83304

AT 100% POWER

HHRMENMEMBHEERE ROOOOO ODO000

96.33 28.9 - 1 4 2 BRURNUP = 2500 NWD/NTIHM
193.08 25.9 1 4 0 BURNUP = 5000 MWD/MTIEM
289.58 28.9 1 4 0 BURNUP = 7500 MWD/NTIHM
395.58 1 4 0 106 DAY OUTAGE
492.10 25.9 1 4 0 BURNUP = 10000 MWD/MTIEM
588.63 28.9 1 4 0 BURNUP = 12500 MWD/MTIHM
685.18 28.9 1 4 0 BURNUP = 15000 MWD/MTIHM
791.13 1 4 0 106 DAY OUTAGE
887. 68 25.9 1 4 0 BURNUP = 17300 MWD/MTIHM
984.20 28.9 1 4 0 BURNUP = 20000 MWD/MTIHM

1080.73 23.9 1 4 0 BURNUP = 22500 MWD/MTIHM
1186.73 1 4 0 106 DAY OUTAGE

1203.23 28.9 1 4 0 BURNUP = 235000 MWD/MTIHM
1379.78 25.9 b8 4 0 BURNUP = 273500 MWD/MTIHM
1476.30 25.9 1 4 0 BURNUP = 30000 MWD/MTIHM
IRRADIATE TOF ZONE MATERIAL AT 10% FLUX

96.53 -0.1 -7 7 4 2
193.08 -0.1 7 7 4 0
289.58 -0.1 7 7 4 Q
395.58 7 7 4 0
492.10 -0.1 7 7 4 0
588.63 -0.1 7 7 4 (o]



IRF
DEC
IRY
IRF
IRF
DEC
IRF
IRY
IRF
RDA
RDA
IRF
IRY
IRF
DRC

DEC

DEC

DEC

DEC

TIT

OPTL
OPTA
orPTP

605.15  -0.1 7 7 . 0
791.18 7 ? 4 S
887.68  -0.1 7 7 4 0
984.20 0.1 7 7 . 0
1080.73  -0.1 7 7 . 0
1186.73 7 7 4 0
1263.28  -0.1 7 7 . 0
137978 -o'1 7 7 ‘ 0
1476.30 0.1 7 7 ‘ 0
IRRADIATE PLENUM ZONE MATERIAL AT 20% PLUX
140.48 0.2 -8 8 . 2
280.96  -0.2 s 8 . 0
121,43 -0.2 8 8 . 0
527.43 . 8 . 0
667.91 0.2 8 s . 0
808.39  -0.2 s . . 0
948.87  -0.2 s o . 0
1054087 . 8 . 0
1195.35  -0.2 s 8 . 0
1335.82 -0.2 8 8 4 0
1476.30 0.2 . e . 0
IRRADIATE CORR ZONE (SANS UO2) AT 100% FLUX
96.53  -1.0 -9 9 . 2
193.08  -1.0 9 9 . 0
289.58  -1.0 9 9 . 0
395.58 9 9 . 0
92,10  -1.0 9 9 . 0
589.63  -1.0 9 ? . 0
8.5 -1lo 9 9 . 0
791.18 9 9 . 0
es7.68  -1.0 9 9 . 0
984.20  -1.0 ? 9 . 0
1000.93  -1l0 9 9 . 0
1186.73 9 9 . 0
1283.28  -1.0 9 9 . 0
1379.78  -1lo 9 9 . 0
1476.30  -1.0 ’ 9 . 0
IRRADIATR BOTTOM ZONE MATERIAL AT 158 FLUX
96.53  -0.2 -10 10 . 2
193,08 0.2 10 10 . 0
26958 -0.2 10 10 . 0
398.38 10 10 . 0
92:10  -0.2 10 10 . 0
se8.63  -0.2 10 10 . 0
695.15  -0.2 10 10 . 0
791.15 10 10 s 0
87.68  -0.2 10 10 . 0
984.20  -0.2 10 10 . 0
1080.73  -0.2 10 10 . 0
1186.73 10 10 . 0
1283.25  -0.2 10 10 . 0
1379.78  -0.2 10 10 . 0
1476.30  -0.2 10 10 ’ 0
MIX A COMBINED IN-CORE ZOWE
’ 11 0 1.0
1 11 0 0.183
MIX A WEGLS ASSEMELY OUT OF TNE PARTS
7 12 0 1.0 ToR zZONE
L d 12 0 1.0 PLENUM ZONE
10 12 0 1.0 BoTTOM zOWR
1 12 0 1.0 (COMBINED) IN-CORE ZONE
MOVE ASSEMELY PARTS TO SCRATCN VECTORS
7 -1 0 1.0 TOP ZONE
. -2 0 1.0 PLENUM zZOME
11 -3 0 1.0 (COMBINED) IN-CORE ZONE
10 -4 0 1.0 BOTTOM ZONE
12 - 0 1.0 WHOLE ASSEMBLY

SOURCRE CHARACTERISTICS OF 3.0%, 30.0 GWD/MTIEM FUREL AT DISCHARGE
ONR GEOXS FURL ASSRMBLY

88888 88878 s$88s82 98888 8888
888838 86868709 8886808 8 888%8 8888
88808 883878 88888 888388 8888



ACTINIDRES

A.2.7

cur 9 .01 2% .01 26 .01 27 .01 -1
RDA MOVE VECTORS -1 THRU -5 TO POSITIVE VECTORS FOR OUTPUT
MOV -1 1 [+] 1.0
MOV -2 2 0 1.0
MOV -3 3 Q 1.0
MOV -4 4 0 1.0
MOV -5 5 0 1.0
HED 1 TOP
HED 2 PLENUM
HRD 3 IN-CORB
HRD 4 BOTTOM
HED S WHOLE
ouT -5 1 -1 o]
TIT SOURCE CHARACTERISTICS OF 3.0%, 30.0 GWD/MTIHM FURL AFTER 5 YRS
DRC S -1 1 ]
DRC 5 -2 2 5 4
DRC 5 -3 3 5 4
DRC s -4 4 5 4
DEC 5 -5 S S 4
HED 1 TOP
HED 2 PLENUM
HRD 3 IN-CORB
HED 4 BOTTOM
HED S WHOLB
ouUT -5 1 -1
TIT SOURCE CHARACTERISTICS OF 3.0%, 30.0 GWD/MTIHEM FUEL AFTER 10 YRS
DEC 10 -1 1 5 4
DERC 10 -2 2 L) 4
DERC 10 -3 3 5 4
DRC 10 -4 4 L} 4
DRC 10 -5 L) 5 4
HED 1 Top

. 2 PLEWOUM
HRD 3 IN-CORB
HERD 4 BOTTOM
HRD S WHOLB
ouT -3 1 -1 0
TIT SOURCE CHARACTERISTICS OF 3.0%, 30.0 GWD/MTIHEM FPURL AFTER 15 YRS
DRC 13 -1 1 ] 4
DRC 18 -2 2 L] 4
DERC 13 -3 3 S 4
DEC 15 -4 4 5 4
DEC 15 -3 L] L] 4
HRD 1 top
HED 2 PLENOM
HRD 3 IN=CORE
HED 4 BOTTOM
HED S WHOLR
oY -8 1 -1 0
TIT SOURCE CHARACTERISTICS OF 3.08, 30.0 GWD/NTIHM FUEL AFTER 20 YRS
DEC 20 -1 1 L)
DRC 20 -2 2 -] 4
22 T 20 =3 3 L] 4
DRC 20 -4 4 S 4
DRC 20 -5 L] L) 4
1 TO®
HED 2 PLEWNUM
HEBD 3 IN-cORE
HED 4 BOTTOM
HRD 5 wnoLs
ouT -3 1 -1 [}
TIT SOURCE CHARACTERISTICS OF 3.08, 30.0 GWD/MTIHM FURL AFTER 350 YRS
DEC S50 -1 1 ] 4
DEC S0 -2 2 L) 4
DEC S0 - -3 3 5 4
DRC L1 -4 4 ] 4
DERC L] -3 S L} 4
HEBD 1 ror
HED 2 PLENUM
HBD 3 IN-CORB
HRD 4 BOTTOM
HED 5 WHOLER
our -5 1 -1 0
END

2 922340 $3.12 9223%0 30000.0 922380 969946.8

0 0.00R+00

1 MTIHM FUEL



IMPUR
IMPUR
IMPUR
IMPUR
IMPUR
IMPUR

QeI OILLLOLdbdbOILLdbdbOLsbdddsro - - - - [ 3 -

30000
90000
150000
250000
300000
$00000

10000
80000
230000
270000
410000
740000

10000
80000
230000
270000
410000
740000

60000
160000
260000
410000

60000
160000
270000

60000
160000
270000

1.00R+00
1.078+01
3.50R+01
1.708+00
4.032+01
4.00B+00

1.308-02
9.508-01
2.00-02
1.008-02
1.208-01
2.008-02

1.308-02
9.50R-01
2.008-02
1.008-02
1.20%-01
2.00R-02

4.008-01
7.00R-02
6. 78R+01
9.00E+00

1.508+00
3.008-01
9.00B-01

8.00R-01
3.008-01
$.008-01

50000
110000
200000
260000
420000
740000

50000
130000
240000
280000
480000
922340

50000
130000
240000
280000
480000

0

70000
220000
270000

0

70000
240000
280000

70000
240000
280000

P N I TR VS T S

BHE @ME OANKFE OCNUMHNW NNNHNW

.00R+00 60000
.50B+01 130000
.00B+00 220000
.90B401 270000
.00B+01 480000
. 00B+00 820000
.30m-04 60000
.408-02 160000
.25B+00 250000
.00R-02 290000
.308-04 500000
.00R-04 0
.308-04 60000
. 408-02 160000
. 00E+00 250000
.00R-01 290000
.508-04 $00000
. 00B+00 0
.308+00 130000
. 498+01 240000
. 498400 280000
. 00R+00 0
. 308400 140000
. 80E+02 250000
- 928+01 410000
.30B+00 140000
. 90R+02 250000
. 92B+01 410000
AoZ.a

8.94R+01
1.67+01
1.00%+00
1.00E+00
2.50B+01
1.00E+00

1.20%-01
3.508-02
2.00R-02
2.00R-02
1.608+01
0.008+00

1.208-01
3.50%-02
2.00B-02
2.008-02
1.608+01
0.008+00

8.008+00
1.508+02
7.220+02
0.00B+00

1.008+01
2.00R+01
1.008-01

1.008+401
2.008+01
1.00%-01

80000 1.19B+05
140000 1.218+01
240000 3.00B+00
290000 1.00B+00
490000 2.00R+00
830000 4.00m-01

70000 8.00E-02
220000 2.00B-02
260000 2.25E+00
400000 9.830m+02
720000 7.80E-02

0 0.00B+00

70000 8.00%-02
220000 2.008-02
260000 1.508+00
400000 9.80B+02
720000 7.808-02

0 0.00R+00

140000 3.00E+00
250000 7.00B+01
290000 S.00m-01

0 0.00B+00

150000 4.308-01
260000 6.988+02
0 0.00R+00

150000 4.508-01
260000 6.88m+02
0 0.00R+00

1 MTIHM FUEL

1 MTIEM F
1 MTIEM P

P

1 MTIHM FUBL

1 MTIHM FUEL

1

PBHE e PHER L aep e HREMREe

MTIHM FUEL

KG
XG
XG
KG
KG
XG

XG
KG
KG
KG
KG
KG

KG
KG
xa
K@

K@
KG
kG

XG
Xe
.

ZIRC-4
ZIRC-4
ZIRC-4
ZIRC-4
ZIRC~-4
ZIRC-4

ZIRC-2
ZIRC-2
ZIRC-2
ZIRC-2
ZIRC-2
ZIRC-2

INC-XT7S0
INC-X7S0
INC-X750
INC-XT750

88-302
88-302
$8-302

88-304
88-304
88-304



APPENDIX B

Ivpical ANISN Input Files for PWR and BWR Fuel Assemblies

DOE-OCRWM-TOS B.0 of B.8
Revision 0



(BS0Y101.INPJOCRWM BWR 10 YR, 4%,50K BURNUP,52 FA,2.75 IN LEAD

1588

16*x*

14*
T
17%*

3x%
1%
4%%

5x%
6% %

Tr*

1 0 1 8 2 1 0

40 3 4 43 44 32 0
1 0 0 20 0 0 0
0 0 0 1 1 0
2R0.0 0.0001 1.420892 368.91
4R0.0 0.5000 0.0002 F0.0
T
33R0.1048 47R0.0
33R0.4241 47R0.0
33R1.296 47R0.0
33R4.333 47R0.0
33R9.009 47R0.0
33R11.65 47R0.0
33R24.64 47R0.0
33R19.83 47R0.0
33R4.703 47R0.0
33R26.04 47R0.0
33R47.05 47R0.0
33R43.24 47R0.0
33R29.89 47R0.0
33R3.029 47R0.0

640R0.0

33R0.703 47R0.0
33R6.12 47R0.0
33R0.0 47R0.0
33RS3.1 47R0.0
33R1.09E+03 47R0.0
33R8.440E+03 47R0.0
33R1.020E+05 47R0.0
33R0.00 47R0.0
33R8.860E+06 47R0.0
33R4.290E+08 47R0.0
33R7.290E+08 47R0.0
33R0.0 47R0.0
33R7.750E+09 47R0.0
33R2.000E+08 47R0.0
33R4.270E+08 47R0.0
33RS.310E+08 47R0.0
33R1.390E+09 47R0.0
33R6.450E+09 47R0.0
T

33R1.0 47R0.0 39Q80 T
F0.0

21101.295 1I1101.935 9I103.205
F1.0

0.0 .0604938 .0453704 .0453704 .0604938

-.9759000 -.9511897 ~-.7867958 -.5773503 ~-.

8
44
0

80 0
0 0
5 1

3210.0 3I72.390 9I75.250 3I82.245 10186.055 2I99.705

.0453704 .0604938 0.00 .0453704 .0462962
.0462962 .0453704 0.00 .0453704 .0453704

0.00 .0604938 .0604938

B.l

303.205

.0604938
.0453704
.0453704

2182179 +.

.0453704
.0453704
.0453704

2182179



838
9%$

N R Y
=

+.5773503 +.7867958 +.9511897 -.8164965 -,7867958 -.5773503
-,2182179 +.2182179 +.5773503 +.7867958 ~-.6172134 -.5773503
-.2182179 +.2182179 +.5773503 -.3086067 -.2182179 +.2182179

33R1
12R8

33
37

4R2 10R3 4R4 11RS

35 39 35 41

LB Ke cHe X’ O Qi
USUCSENleﬂg:E z

U235

U238
34 = FUEL
36 = STEEL
38 = AIR
40 = LEAD
42 = B-SI
44 = CU

3R6

43

3R7

35



39 40

/B-81
41 42
41 42
41 42
41 42
41 42
41 42
41 42

/COPPER
43 44

1158
/ FUEL-
9 10
17 18
19 20
21 22
23 24
25 26
29 30
31 32
/ STEEL-
17 18
19 20
21 22
/ AIR-
7 8
9 10

27 28

1 2
3 4
5 6
9 10
11 12
13 14
15 16

23 24

2R7.691E-3
2R1.744E-3
2R6.153E~3
2R7.316E~4
2R1.502E-3
2R2.834E-3
2R1.168E-4
2R3.7298-3
/ STEEL



/ AIR

/LERD

/B=SI

2R1.721E-2
2R6.071E-2
2R7.218E-3

2R1.98E-5
2R5.28E-6

2R3.296E-2

2R4.494E-2
2R9.400E-4
2R8.600E-3
2R2.810E-2
2R2.500E-5
2R6.690E-3
2R5.980E-3

/COPPER

1988

2R8.493E-2
Fl
T




[P455Y16.INP]PWR 15YR, 4%,55K 21 FA,2.50 IN LEAD,NEW N,+1.0BSI
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1.0 Introduction

This report documents a Lotus 123° Release 2.2 worksheet,
radialth.wkl, that provides a fast, simple method of calculating
the radial steady-state temperature distribution of a
multilayered cask containing spent nuclear fuel. The worksheet
uses a l-dimensional thermal resistance technique to calculate
the temperature distribution through the cask.

The worksheet uses built in tables to define temperature
dependent thermal properties for up to seven cask layers. A
materials library is provided in the worksheet which contains
thermal conductivities for twenty materials commonly used in cask
designs. The user can specify any number of fuel assemblies,
decay heat per assembly, and solar heat loads for use in the
analysis, as well as one layer through which heat transfer by
thermal radiation is applied. The worksheet accounts for
convection in a cask gap or liquid neutron shield by including
effective thermal conductivities for both air and water in the
material library. The Wooton-Epstein correlation is used to
estimate the maximum fuel pin temperatures.

Inputs to the worksheet are entered and modified by typing over
highlighted cells in the worksheet summary. A quick
recalculation option checks the effects of changing geometry or
heat loads, and a full recalculation option pulls material
properties out of the material library, sets up internal
radiation equations, and interpolates the thermal conductivities.
At the conclusion of the full recalculation, a plot of
temperature versus location in the cask layers is shown on the
screen and can be plotted by the user.

The use of the worksheet is described in Section 2. The
worksheet calculation method and program flow are described in
Sections 3 and 4. Instructions for modifying the worksheet to
include additional materials or different calculation methods are
provided in Section 5.

2.0 Use of Worksheet

The input screen/results summary for the worksheet is shown
below. Values which can be modified are shown in boldface below
and are highlighted in the worksheet itself. It is highly
recommended that the installation of Lotus 123® in which the
worksheet is used be configured with the small type display
option (ex. EGA 80x43) in order to see the whole input screen at
once. To change a worksheet parameter, the new value is simply
input over the old. The input parameters are discussed below.



Wumbez of Assemblies 21 Internal Radiation
Decay Neat per Assembly 0.66 Kw
Ambient Temperature 128 v 0.394624¢
Solar Neat lLoad 127 stu/hz-ft*2 ei 0.15
Bmdssivity of Outer Surface 0.587 .0 0.%87
Cask Inner Radius 28.500 in
Cask Cavity lLeagth 180.500 (n
Convection Coefficient 0.921 Btu/hr-£t~2-°F)
Radiation Coefficient 1.128 stu/hr-ft*2-°F)
Cask Layer Material Thickness k TL To
(in) (Btu/hz-ft-'F) (°P) (°?)

Inner Shell 28304 1.13%0 8.700 391.226¢ 388.988
Gamms Shield Lead 3.500 18.228 308.988 385.9521
Outar Shell 38304 1.500 8.700 365.921 383.373
Vewtzoa Shield Bsilicome 3.880 1.400 383.373 327.281
Ianer Jacket Copper 0.128 225.360 327.281 2327.274
Alr Gap Az 0.134 0.020 327.274 259.093
Outer Jacket 88304 0.128 8.700 2359.093 238.9517
Internal Radiation? Tes Layer Alr Gep
Cask Orientation Sexizseatal
wumber of Rows in Assembly 18 (15213 assembly)
Height of Assumed Arzay (P/4) 4.01 £¢
Length of Bundle 12.00 gt
Maximam Fuel Temperature 649.64 *P (Wooton-Bpstein)
Press alt~c to update conductivities and recalculate.
Press T9 to recalculate using the present conductivities.
Prese P10 to display current graph.
The materials library includes:

88304 duranium air argon void

lead copper airconv helium balsa
csteel asld water aitrogen redwood
naldstit bsilicone h20conv aluminum purethan

Numbher of Assemblies:
fuel assemblies in the cask.

(value) This value is the number of

It is multiplied by the decay

heat per assembly to determine the total decay heat load

(cask payload) in the cask.

Decay Heat Per Assembly: (value, kN) The decay heat of an

individual fuel assembly.

heat load, enter "1"

for the number of assemblies and enter

In order to specify simply a cask

the cask heat load in this cell.

Ambient Temperature: (value,
around the cask outer surface.

H

°F) The bulk air temperature

Solar Heat Load:

(value, Btu/hr- ft?) The solar heat flux on

the cask surface.

Emissivity of Outer Surface:
cask outer surface.

Cask Inner Radius:
k (layer 1).

(value,

c.2

(value) The emissivity of the

in) The inside radius of the cas



Cask Cavity Length: (value, in) The length of the cask
internal cavity. Used in calculating the area over which
the cask internal heat load is applied for determining the
heat flux.

Cask Layer: (label) The names of each of the up to seven
layers. The layer at the top of the list is the cask inside
layer (layer 1). The layer name may be entered as "n/a" for
layers which are not involved in the calculation. Layers
through which radiation heat transfer is applied must have
layers on each side which are included in the calculation.
An example of a cask model is shown in Figure 1.

Material: (label) The name of the materials comprising each
layer. The material names must all be included in the
material library and must exactly match the name in the
material library. Material names may be entered in upper,
lower, or mixed case (as can any entry in both worksheets).
The materials "airconv" and "h20conv" include the effects of
convection in the layer. Every layer must have a material
associated with it. Materials for layers not included in
the analysis can be labelled "n/a".

Thickness: (value, in) The thickness of each layer. Layers
which are not used should have a thickness of 0. Layers
through which radiation heat transfer is applied must have a
non-zero thickness to avoid a division by zero error.

Figure 1: Example of Cask Model

Internal Radiation?: (label, "yes" or "no") Tells the
worksheet whether to include thermal radiation between two
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layers in the calculation. Internal radiation cannot be

applied on either the inside or outside layers, and both '

neighboring materials must have emissivities in their
library entries (any of the metals).

Layer: (label) Tells the worksheet which layer is to
include the thermal radiation heat transfer mode. If more
than one layer needs to have thermal radiation, the
worksheet must be modified as discussed in Section 5. The
layer name must exactly match (except in case) one of the
layers in the geometry list.

Cask Orientation: (label, "horizontal" or "vertical")
Tells the worksheet whether the cask is standing on one end
(vertical) or lying on its side (horizontal). This
parameter allows the worksheet to adjust the heat transfer
coefficient used on the cask outer boundary.

Number of Rows in Assembly: (value) The number of fuel
pins in each row of a fuel bundle. For a 15x15 PWR assembly
the value would be 15.

Height of Assumed Array: (value, ft) The height of one
side of a fuel bundle. For a multi-assembly cask this value
is equal to the perimeter around the fuel bundle array in
the basket divided by four (2].

Length of Bundle: (value, ft) The length of the active
fuel region in the fuel assembly.

After the geometry, heat load, and radiation parameters have been
entered, the key sequence alt-c (hold down the {alt} key while
pressing {c}) begins a full worksheet recalculation. This
includes loading the material properties for the correct
materials into the worksheet, adjusting the heat transfer
equations to include (or remove) thermal radiation, inter?olating
the temperature dependent thermal properties, forcing 123° to
recalculate the spreadsheet, and plotting a chart of the layer
temperatures versus radius.

A fast recalculation which does not update the material
properties or internal radiation can be started by pressing the
F9 (calc) key. This forces 123° to iterate the values in the
spreadsheet forty times and is useful when only a layer thickness
or a heat load has been changed and the effect on the thermal
conductivities is expected to be negligible. Pressing alt-k will
perform one interpolation of the thermal conductivity tables
(rather than the four performed by pressing alt-c). This is
useful for quickly updating the thermal conductivities and using
F9 to recalculate the worksheet. Pressing the F10 {graph} key
will display the current cask radial temperature profile,
including any changes made by recalculating the worksheet.
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3.0 Calculation Method

The cask outside surface temperature is calculated first, and
then the temperature drops across each layer are determined,
working inward. Forty iterations are made for each calculation
before the material properties are linearly interpolated from the
temperature dependent material library tables. This is repeated
four times during each recalculation.

All of the temperature drops, including the cask outer surface
temperature, are calculated using the thermal resistance concept,

Tl. - To
—<r— (1)

Q=

where Q is the total cask cavity heat load (Btu/hr), T, is the
inside temperature, T, is the outside temperature, and R, is the
total thermal resistance for heat transfer mode n. Heat transfer
modes used in this worksheet are conduction, convection, and
~radiation. A detailed description of the equations used in the
worksheet is given below.

3.1 Ambient to Outer Surface

The cask outer surface temperature is calculated assuming that
heat is transferred from the cask outer surface to the air by
convection and radiation. The contribution due to radiation is
included in the convection term by superposing their effects as
shown below.

Q = h A(T,-T) + €CA(TI-T3) (2)

where Q is the total cask cavity heat load (Btu/hr), € is the
cask outside surface emissivity, ¢ is the Stefan-Boltzmann
constant, h, is the convective heat transfer coefficient, and A
is the cask surface area for heat transfer. For a horizontal
cylinder, h, is equal to [4], ,

h,=0.18(T,-T)? (3)

For a vertical cylinder h, is assumed to be that of a vertical
plate, and is equal to the value given by Equation 3 after
replacing the coefficient 0.18 with 0.19 [(4]. The total heat load
on the cask outer surface, Q, is the sum of the total cask decay
heat and the solar heat flux,



Q- Qfm + anolq““, (‘) ‘

where r, is the cask outside radius, 1 is the cask inner cavity
length, Qe i8 the total cask cavity heat load, and q,,,. is the
solar heat flux.

By defining a radiation coefficient h, as,
h, = €0(T,+T) (T3+73) (5)

Equation 2 can be rearranged into the form,

- Q
T xRy ®

This relation gives the outside cask temperature in terms of the
total cask heat load, ambient temperature, cask area, and the sum
of the heat transfer coefficients. Because the heat transfer
-coefficients are in turn dependent on the cask surface
temperature, iterations are necessary to determine the cask
surface temperature. The radial worksheet iterates forty times
for each calculation step.

3.2 Internal Temperature Drops ‘

The only mode of heat transfer assumed to occur in the internal
cask layers is conduction. The thermal resistance for conduction
across concentric cylinders is equal to,

:‘
= (7)

e 3

where r, is the outside radius, r, is the inside radius, and k is
the thermal conductivity of the layer material. Substituting
into Equation 1 and rearranging gives,



(8)

where Q in this case is equal to the total decay heat generation
rate of the fuel assemblies.

3.2.1 Internal Thermal Radiation

Layers through which there is thermal radiation heat transfer are
modelled as having two thermal resistances in parallel, radiation
and convection. The total thermal resistance for two resistances
in parallel is given by,

R - 1
total —I_T’. (9)
'R

The resistance due to conduction, R, is identical to that in
Equation 7, and the resistance due to radiation is given by,

Re * 7mR 51 (10)

where the radiation coefficient h, for two concentric cylinders
is given by,

_ O(T,+T,) (Ti+T2)
) _1_+fi(..1_—ly ()
€, T |¥€,

where €, and £, are the emissivities of the inside and outside
surfaces respectively. Substituting Equations 7, 9, and 10 into
Equation 1 and rearranging gives the temperature on the inside
surface,

h




Q
g e o
2rh r,1 + T (12)

Equation 12 is inserted by the worksheet into the cell
corresponding to the layer specified for internal radiation in
the input/output screen. The emissivities of the adjacent layers
are taken from the material library. The radiation coefficient
h, is calculated by assuming temperatures for Equation 11 and
iterating 40 times when the worksheet is recalculated.

3.3 1Internal Convection

Internal convection is handled in the worksheet by substituting
the thermal conductivity with an effective thermal conductivity
which includes the effects of convection. Effective
conductivities are provided in the material library for air and
water (airconv and h20conv). Prior to inserting either of these
tables into the worksheet, the user should verify that taking
credit for convection in that layer is reasonable. This can be
done by calculating the Grashof number for the annular region,

- - k]
Gr. - 93(1" r,) (r. r‘) (13) .

v!

where 8 is the thermal coefficient of volume expansion, g is the
gravitational constant, and nu is the kinematic viscosity. The
fluid flow in the annulus must be in the turbulent regime in
order for the convection corrected conductivities to be used.
Turbulent flow occurs when the product of the Grashof and the
Prandtl numbers (Gz#r) is greater than 10’ ([1}].

3.4 Maximum Fuel Bundle Temperature

The maximum fuel bundle temperature is estimated using the
Wooton-Epstein correlation in the same manner as described in
Reference 2. The temperature is given by the relation (2],

Q = OC,F\A, (Ts-T;) + CzAz(T.-Tc)(’) (14)
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Where C, is a geometric constant equal to 4N/ (N+1)? (N odd) or
4/ (N+2) (N even), N is the number of rod rows in a fuel bundle,
F, is an exchange factor (0.539 {2]), A, is the bundle surface
area, H is the height of one side of a bundle (ft), T, is the
hottest rod cladding temperature, T, is the cavity wall
temperature, C, is a convection constant (0.118 [2]), and o is
the Stefan-Boltzmann constant. For multi-assembly casks, H is
equal to one fourth of the perimeter of the basket fuel bundle
array. The bundle surface area is equal to 4 times the assembly
height times the assembly length, L [2].

Equation 14 is solved for T,, resulting in an equation which
gives T, as a function of itself. An initial value is assumed
and the equation is iterated until it converges. Because the
appearance of T, for which the equation must be solved in order
to allow convergence changes with the values of the other
parameters in Equation 14, both appearances of T, are solved for.
The relation which converges is then displayed in the
input/output screen.

4.0 Worksheet Program Flow

The recalculation macros for the worksheet consists of a main
macro and several subroutines. A description of the program flow
for the radial worksheet is given below.

The worksheet is organized in the following manner. The
worksheet calculations are carried out in the area around cell
Al. The input/output screen is located starting at cell Vi. The
main and interpolation macros are located below the main
worksheet calculation area, starting at A65. The material
library is located below the macros starting at cell A213 and
extending to the right. The macros which handle internal
radiation are then located below the material library, starting
at cell A242. :

The controlling macro is "\c" which updates the material
_properties and forces the worksheet to be recalculated. The
controlling macro does the following,

1) Recalculates the worksheet, updating all formulas and
references.

2) Copies the thermal conductivities of each of the
materials specified in the input screen to the
appropriate table.

3) Checks for a yes response to the internal radiation
prompt. Calls subroutine "intrad"” if internal
radiation is required. Otherwise it calls "nintrad".

4) Recalculates the worksheet and calls subroutine "\k" to
interpolate the thermal conductivities. These is
repeated 4 times.

5) Recalculates the worksheet a final time.
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6) Moves the cellpointer to the input/output screen.
7) Plots the current graph of the cask radial temperature
distributiosn.

Subroutine "\k" calls the seven subroutines that interpolate the
thermal conductivities for each of the seven layers. These are

\i, \g, \s, \n, \ijacket, \mjacket, and \ojacket. Each of these
subroutines is identical with only the cell addresses changed.

An example of an interpolation macro is \i:

1) Deletes the range "inner", goes to location "tablel"
(the top of the temperature list of the material
properties for the inside layer), and creates the range
"inner" which includes all of the temperature entries.

2) Sets "numberl" to the number of rows in "inner"

3) If there is only one entry, "numberl” will be a large
number. If "numberl"” is greater than or equal to 24
then the thermal conductivity of the inside layer is
set equal to the conductivity entry.

4) Checks to see if the largest temperature is less than
the average of the layer inside and outside
temperatures, and sets the thermal conductivity equal
to the corresponding entry if it is.

5) Sets the conductivity equal to the entry corresponding
to the lowest temperature if the average layer
temperature is less than the lowest table temperature.

6) Sets "tm" equal to the average layer temperature. ‘

7) Begins a loop which calls the subroutine "interp".

8) Sets the thermal conductivity equal to the value
obtained in "interp."

The subroutine "interp" performs the following tasks,

1) Moves the cellpointer down one row.

2) Checks to see if the current cell is greater than the
average layer temperature. If it is the subroutine
performs a linear interpolation between the current
cell temperature and the next lower cell’s temperature,
and breaks out of the for loop. If the cell .,
temperature is not greater than the current cell
temperature it repeats the for loop.

The subroutine "nintrad"” is called by "\c" if internal radiation
is not included in the model. Nintrad replaces cells Fl2..F17
with the conduction only equation for T, (Equation 8). Nintrad
then erases the internal radiation coefficient and emissivities
from the input/output screen.

Subroutine "intrad" is called by "\c" when internal radiation is
:ncluded in the model. The @vlookup function is used to copy the
correct temperature, material, and geometry parameters for the .
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layer in question into the cells referenced by h,. Intrad then
does the following,

1) Calls "nintrad" to clear the worksheet of any previous
internal radiation.

2) Checks if the affected layer is either the innermost or
outermost cask layer. If it is the innermost or
outermost layer then the internal radiation switch in
the input screen is changed to "no", the worksheet is
recalculated, and execution is terminated because
internal radiation is not applicable to these layers.

3) Copies the emissivities of the surrounding layers into
cells C288 and C290.

4) Copies the emissivities and radiation coefficients to
the input/output screen.

S) Copies the value of T, from B303 to the T, of the
affected layer in the main calculation area.

5.0 Worksheet Modifications

The worksheets can be modified to model different geometries.

For example, an axial worksheet can be created by modifying the
radial worksheet. Modifications which can be made include adding
layers to the model, adding materials to the library, allowing
two or more layers with internal radiation, and changing the heat
transfer coefficients.

5.1 Adding Layers

Adding layers to the radial worksheet is a complicated
modification which involves reorganizing the worksheet and
creating and editing macros. It is recommended that casks with
more than seven layers be modelled by using two worksheets. One
unmodified worksheet would model the outside layers and one (or
more) modified worksheet (s) would model the inside layers. The
modification required in the internal worksheets is to replace
the contents of the cell that calculates the cask surface

"temperature with the inner temperature calculated in the outer

worksheet. This is done in the following manner.
1) Copy the radial worksheet file to two new files (ex.
outside.wkl and inside.wkl).

2) Enter the proper geometry for both worksheets. The
cask inside radius for the outer worksheet should be
equal to the ocutside radius of the inner worksheet.
Recalculate the outside worksheet.

3) Load the inside worksheet (inside.wkl) and replace the
contents of cell G18 with the formula
+<<drive:\path\file.wkl>>F12 (ex.
+<<c:\123\outside.wkl>>F12 ).
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4) If both the inside and outside worksheets are in the
current 123° directory then the drive and path name car.
be omitted from the function.

5) If dynamic linking of the two worksheets is not
desired, the contents of cell Gl18 can simply be
replaced with the desired temperature for the outside
layer in that worksheet. This method also works to
provide a constant temperature boundary condition on
the outside of the cask.

5.2 Adding Materials

Materials are added to the worksheet material library by creating
a range which contains the temperatures and corresponding thermal
conductivities in a blank portion of the worksheet. The range
name is the name that is entered in the worksheet input screen to
select a material for a layer. The material library is organized
in groups of three columns. The first column contains the
temperatures, the second column contains the thermal
conductivities, and the third column is blank. Emissivities are
placed in the first column below the temperatures. The contents
of the material library are listed in Appendix C. A detailed
example of adding a material is given below.

1) Goto cell AN212. Enter the name of the material by
which it will be called by the worksheet (ex. lithium).

2) Goto cell AW213. Enter a description of the material.

3) Goto cell AW214 (optional). Enter the name of the
reference for the material properties.

4) Enter the label T in cell AN216 and the label k in cell
AX216.

5) Create a range with the same name that is entered in
cell AN212. The range must include twenty rows and two
columns. In this case the range will include
AN217. .AX236. Example: '
/rnclithium{return}aw2l7(return}ax236{return}

6) Enter the thermal properties with the temperatures in
°F in cells AW217, AW218,... and the thermal
conductivities in cells AX217, AX218,... Up to 19
entries can be made in the table. Entries in any
material table can be changed at any time simply by
replacing the old entries with new ones.

}) If the material will ever be used as a surface for
internal radiation, enter the label Emissivity in cell
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AN237, and enter the value of the emissivity in cell
AN238.

8) To delete a material from the library use the /rnd
command to delete the range from the worksheet.

5.3 Additional Layers With Internal Radiation

To model a cask with more than one layer through which heat is
transferred by radiation requires disabling the automatic
internal radiation macros and "hardwiring" internal radiation
heat transfer into the layer temperature calculations. It is
recommended that casks with more than one internal radiation
layer be modelled using two linked worksheets as discussed above.
Each linked worksheet would contain one layer with internal
radiation. 1If this is not an acceptable solution, an outline of
how to modify the worksheet is given below.

1) Goto range \c and erase the cells (if dleft(@... } and
{nintrad} from the macro (Bl192 and B193). Move the
remaining lines up two rows to fill the in the blanks.

2) Enter the formulas for all required h.’'s (Equation 11)
into blank cells in the worksheet, referencing columns
F and G for the inner and outer temperatures.

3) Enter the formulas for the T,’s (Equation 12) into the
proper rows in column F.

5.4 Changing Coefficients

Natural convection and radiation heat transfer coefficients used
in the worksheet can be modified to model different geometries.
It is in this manner that an axial worksheet can be created from
the radial worksheet. The equations which calculate the T,’s are
in column F and can be modified for diffe.ent geometries. The
cells containing the natural convection and the radiation heat
transfer coefficients for the outer surface are B25 and B26
respectively. The cell containing the radiation heat transfer
coefficient for internal radiation is A300 and the cell’'that
calculates T, for internal radiation is A303. The cell that
calculates the cask surface temperature is G18.



Appendix A Examples

Two sample problems are included in this report to document the ‘
correct operation of the worksheet. The worksheet models the
prefire case of the HTAS1l sample problem 1 and the fire case of

the HTAS1 sample problem 2 in the radial direction [S). The

results are then compared to those listed in the HTAS1 manual.

The first case models the cask with an ambient temperature of 100

°F and no solar heat load. Due to the differences between the
worksheet and HTAS]1, the cavity heat load was reduced from 11.5

k¥ to 11.08 kW. The worksheet output summary is shown below.

Number of Assemblies 1

Decay Heat per Assembly 11.00 xw

Ambient Temperaturs 100 °»

Solar Heat Load 0 Btu/hr-ft 2

Emissivity of Outer surface 0.500

Cask Inner Radius 6.750 in

Cask Cavity Length 178.000 in

Convection Coefficient 0.931 Btu/hr-£ft+2-°P)

Radiation Coefficient 0.863 3tu/hr-£ft+2-°P)

Cask Layer Material Thickness k T To
(in) (Btu/hr-ft-*F) (°F) (°?)

Cavity Alx 0.000 0.019 264.37% 264.0978

Inner Shell 88304 0.310 $.700 264.878 262.780

Shield Lead 6.630 19.033 262.780 248.6%7

Guter Shell 88304 1.2%0 8.700 248.637 244.300

Neutron Shield H20Coav 4.500 18.850 244.3580 239.910

Water Jacket 88304 0.160 $.700 238.910 238.828

/A /A 0.000 8.700 238.52¢ 238.528

Inteznal Radiation? Ne Layer W/A

Cask Orientation Horisontal

Mumber of Rows in Assembly 15 (15x15 assembly)

HBeight of Assumed Arzray (2/4) 0.73 £t

Length of Bundle 12.00 £t

Maximum Fuel Temperature 827.03 °F (Wooton-Bpatein)

Example 1 Input/Output Summary

The second case models the same geometry with an ambient
temperature of 130 °F, an emissivity of 0.8 and an internal void
in the neutron shield. The worksheet output summary is shown
below.

C.14 ‘



Internal Radiation

wusbes of Assemblies 1

Decay Beat per Assembly 11.08 kw

Ambient Temperature 130 °r hr

Solar Beat Load 0 Btu/hr-£t42 i

Emissivity of Quter Surface 0.800 [ T}

Cask Inner Radius 6§.750 inm

Cask Cavity lLength 178.000 in

Convection Coefficient 0.855 Btu/hr-ft~2-°'P)

Radiation Coefficient 1.468 Btu/hx-££~2-°F)

Cask lLayer Material Thickness k T4
(im) (dtu/hr-£2-°F) (°F)

Cavity ALz 0.000 0.023 463.571

Inner Shell Cateel 0.310 23.605 463.571

shield Lead 6.630 17.849 462.799

Cuter Shell 88304 1.2%0 8.909 447.738

Neutron Shield Void 4.500 0.000 443.7%7

Water Jacket Csteel 0.160 24.861 237.118

N/A N/a 0.000 $.700 236.985

Internal Radiation? Yea Layer Neutron Shield

Cask Orientation Horisontal

Number of Rows in Assembly 15 (15x1S assembly)

Reight of Assumed Array (P/4) 0.73 £t

Length of Bundle 12.00 £t

Maximum Puel Temperature 931.21 °FY (Wooton-Bpstein)

Example 2 Input/Output Summary

1.577821
0.
0.

587
587

To

(°r)

463.
462.
47.
443.
237.
236.
236.

$71
799
738
157
118
988
943

The results of the worksheet calculations compared to those of
Reference 5 are shown below.

Worksheet Ref 5
Exanmple 1 Problem 1
°F °r

°F

Worksheet
Example 2

Ref 5
Problem 2
°F

Cavity 264.87 264.55
Inner 262.78 262.46 462.8 450.6
Shield 248.66 248.36 447.7 435.7
Outer 244.58 244.28 443.7 432.1
Neutron 238.91 238.61 237.1 '234.4
Jacket 238.53 238.22 237.0 234.3




Appendix B Radial Worksheet
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‘Interpelation Macros
({LAYSR1)

‘\

' /radinnex- (gote)tablel~/racianes~. (ead) (dowsn)~
“ooenter

;uu aumbezl, §zows (inner) )~

’ {Ll -u:»:::nwuxn xianez, §esllpointer (“coatents”) | (retura)

‘' {down aumberi-l}

‘{42 Gosllpeinter (“contents”)<sfavy (taianer))(right)(let kinser,$osllpointer("coatents”))(retura)
“™m

’ (ond) (up)
236.1189719¢
’ {42 Qesllpoiater(*contents®)>=favyg (tainses)) (right) (let Riamer, fesllpointer ("ccateats”) ) {retura)

=
‘.l;ﬁ ta, favy (tainser) )

’ {for oountes,l,awmberli-~i,l,interp)
‘(let kinmer, Savg(ki))
‘ \nvo:p

down )

'
’ {42 Gosllpeiater(”oceat
! {branch 993)
' /endtRigh-

t8*) >=tm) (B h B8}

radRlow~
* /cncthigh=~
‘ (up) /rRctlowe~
‘ (zight)/ranaklow~~
’ (down) /taekhigh-~
':!'.n =L, ( { ( (Gavyg (ta) ~Savy (tlow) ) / (Savy (thigh) ~Gavyg (tiow) ) ) * (Savy (Rhigh) ~Savy (Rlow) ) ) +Qavg (Rlow)) ) -
’ orpTeak)
(Wllﬂ

‘\g

'/n_-(m)m-/m- {ond) (dowa) ~ ’
‘ (let awnbexi, (Tews (gemma) ) ~

':“ -—ua-unmum kganme, §esllpeiater ("ocateats”) ) {retusn)

' {ag wc'mm')MQN—n)unmnxn Rganma, §cellpointers ("contents”) ) { return)

’(a‘)( §
'(i.l {*csateats”) >ufavy (taganma) ) (Tight) (let Rgamma, $cellpointer (“contents”) )irerturn)
‘ (1ot tm, Savy (tnguna)
’ (Lom m.t..-.:n-x. 1,4insezp)
(x))

‘ /endeutez~{gute)tabled~/raceutes~. {end) (down) -~

‘{let numbes}, ITews (outerx) )~

' {4f aumber)>e24)zight) (let kowter, §cellpointes (®contents”)}{return)

’ (dowan numberd=i)

' (42 Gcellpoiater {("coatents”)<efavy (tmowter) ) (right){let kouter, §oellpointer({”contents™)}(retuzn)
‘ (ond) (up}

' {if Goeallpeiater ("conteats”®) >=favy (tmouter) ) {right) (let kouter, §osllipeintes(*coatents”))(return)

‘{let lmr.lm(u)l

(l\.\mﬂ

‘\n

* / tndnentron~ (goto)tabled~/cacaeutroa~. { end) (down) ~
’ (let aumbecd, §Tows (neutzom) )~

‘{4 aumberdé>=ld) (right) (let Ranewtrws, §esllpoiater("conteats”) ) (return)

c.20




' (dowa awmberd-l)

4 :L:er.}mu'eututn')«om (tmnevtzon) } (right) {let kneutzesn, §cellpointer (“contents®)) return)
' le -

* {42 Gesllpuiates ("conteats”) >=davy (taneutron) } (right){let knestzon, §oellpointer(“conteata”) | {cetucn)
' {lee tn, favg (tmevtron) )

‘ (o ovumiet,l,xumberd~l,]l, iaterp)

' {let XROWRIWA, favy (ki) )

LAYERS)

{

‘\ijechet

* / radd JoeRet~ { o)tanpled~/rnol jacket~. (end) (down)~

’ {let aumber?, $tove ({jaeket) )~

‘(L€ asvmber®=t4) {zight) (1et kijacket,$csllpointer (“contents™) ) {returan}

’ {down aumberS=1

’(1f Sosllpointser ("costents”)<sgavy (taljacket) ) {right) (let kijscket, §cellpointer(®contents®)}{return}
! (end) {up)

’ (42 Qeellipointer(“contents”)>=favg (taljacket) ) (right){let xijacket, §cellpointer(“coateats”))(retura}
’{lst tm,Savyg (tal jacket))

‘(for counter,l, numberi~l, 1, interp}

’ {let Rijacket, $avg(Ri))

({LAYERE)

‘\mjacket

’ /tndmjascket-{goto) tabled~/raanjacket~. { end) {down ) ~

’{let aumber$, §rows mjacket) )~

‘{42 numbere>=24) (right) (let Xajacket, (cellpointer("contests”) ) {retura)

’ {down aumberé-~l)

‘(4f Soallpoiater ("costeats®)<~favy (tamiscket) ) {right)(let miscket,§cellpointer(®contests®)) (ctetura}
! {ond) {up)

' {12 Gosllpointer ("oconteats”®) >=favy(tamjacket) ) (right}){let mjscket, §celilpointer(“coatents”)){returan)
‘ {let tm, favy (tamjacket) )

‘' {fox ocouater,l,ammbezé-1,l,isterp)

’{let kmjachet,favy(ki)}

{LAYEBRY)

‘\ojasket

* /radoiacket~ { o)table?~/rnocjacket~. {and) {down)~

‘ (let numbes7, §rowe (o jacket) )~

’{if number7>=24){zight){let Xkojasket, Sosllpoiater ("coutents”) ) {returs)

‘ {dowh nmmbar?-i)

’ :u :uu’unor('o—tmn'mm(nojlu«)Hu'ltnht kojecket, §oellpointer ("contents”) } (retuzn)
’ {ond) (up)

‘{42 Scsllpeistexz("conteats”) >=fgvy (tmojacket) ) (right) (lat Rojasket, §osllpoiatex ("coateats”) ) (returs)
’{let tm, Savg (tmojacket))

‘ {for counter,l, awmber?~l,l, interp)

’{let Rojasket, favyg(ki))

's:lm. K’'e

’ (\ljaaket)

‘ {\mjacket)

' (\ojacket)

’\..ll Worksheet Csloulatioca
‘\eo

‘' (oala)
+*/e"88374"~tabler~*
+*/a"ARI74" ~cablel~"
+°/a%s0374"~2abled~"
+"/a"4K374 " ~tabled~"
+*/c"aN374"~tables~"
+°/8"4Q374"~cabled~-"
+%/a*4TITA"~table?~"

‘{4i€ Sleft (Slowez (Us (zad) ), 1)="y") (iatrad) (branch b194)
‘ {(aiatred)

’ (eala) (\R}

‘' {calo}{\Kk}

’ {eade) {\K)

’ {cale) (\K)

ey zm.op

! (hame)
'Im)npn~

‘ (h-‘)(mnn-n-
’Material

‘ Alrooav

L}

ABI123: ‘watas
ARZ1Z: ‘argom
AKI12: ‘helium
ANZ12: ‘aitrogea
AQ212: ‘nadstit
ATI12: ‘aluminum
AWN212: ’vold
A3212: ‘balsa
1121 ' redwood
Br21l2: ’purethan

Al13: (w23)

D213: [W1I)

62131 (M3)
J213t (M 6]

’304 staisless Steel
Lead

' Bovre Silicome
‘fure Copper
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A02173
A2
AR217:

’Iateraal Void

‘Balse Wood (acroes graia)
‘Rodwood (across graia)
‘Polyuretiane fosm

(W23) ‘Ref: ETASL

{(W13] ‘Ref: aTAS)
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AT21 Tt
AU2L
AN21L Tt
AX317:
AS21T:
BA217t
21N

2
W217:

Y
21T
A2181
| 12X 1]
D2id:
1218
J2188
K218
w210t
N210:
3218t
T210¢
viig
n218:
AB210:
AC210:
AR210:
AP210:
AlZ18:
AI218:
AK218:
AL21 01
ANZ10:
AO2180
AT218:
AC218!
A2191
32191
D219
8219y
J2191
K219:
L -3% 1
w219
3219t
T219t
viin
w3219
AB219:
AC2191
AR219:s
AP21 9
Al219:
A2l
AK2191
AL219s
AN2191
AO219:
ATII S
AU219:
A220:
3220:
0220s
8320:
J2208
x2204
M220:
¥220:
32201
T2200
V2201
w2208
AB220:
AC2201
AR220:
AP220:
AR2209
AI220:

[(nig) 392
24

{W20] 1472
27.¢

AK2320: €00

AL220:
ANZ20:
AO220:
AT220:
AU2201
A221s
3221
02211
2221
J2211¢
K221
M22%:
N221:
$221:
T22L:
AB221:
AC221:
AB221:
AF2211
AN221:
AL221:
AR2211
AL2211
AN221:
A0221s
AT221)
AU221

138.2
w23] 182
tn1) 10
(m3) 630
{ms) 12.1
(w16) 372
(w14) 222
(n9) a1
0.0228
(m9} 7182
21

400
23.38
182.6
0.381
400.3
0.0148
000
0.149
200.¢
0.0208
782
11,7



A212: (w33} 1112
32121 (M1} 11
02221 (W13] 117
32225 (nW) 9.7
J222: (Wi6) 792
x222: {Wn4) 218
w222: (9] 931
w3221 0.024¢
$222: (w9} 1112
2221 19

AR222t 188.¢
AF222; 0.39
AR222: %500
A$222: 0.016¢
AT222: 1112
AD2221 124.2
A223¢ (W23] 1412
93232 (WM1] 1)
52131 (W13} 800
£2231 (N8) 9
w2331 (N9 €3
w223 0.026)
21213 (l&!] 1472
r213

AB323 zxz
AF323¢ 0.294
A83231 1000
A1223: 0.0218
D2261 (W3] 980
53361 (M8) 0.7
234 (] 111
w2241 0.028
32241 (W19} 1032
T2241 16

ABIZ41 260.6
AP2361 0.397
D228: (W13] 1276
3223: (n3] 6.66
ARI28: 298.6
APa28: 0.39%
AB22€: 332.6-
AFI2€: 0.391
ABI37: 268.8
AF227: 0.30¢
AB2201 404.6
AZI201 9.377
AB229: 440.8
AF3191 0.36)

A237: n: ‘Samieivity
D337 {WM13] ‘Emmisivity
J237: (Wi6] ‘Emmisivity
$2371 (W19) ‘Emmisivity

8230t (W19] 0.307

A2421 [W23] ’‘Iateraal Radiation Mastoe and Worksheets
A247: [W23] ‘aiatzed
8247: [Wil] ' /efl0~£12.£17~/rezedl~
82481 (WM11] ’/rvesi~
92491 (W11] ’/eradi-e3~
’istred

82921 (Wil] ‘(niatead)

82931 {W11] +"(1¢ "SOSTRING (JVLOORDP {GPROPER (LAYSR) , CALC, §) , 0) 6*=7) (hame ) (goto) reposrt~({ let rad,no)(csla)(quit)*”

B2%4: (W11 0:::&;0“!!:-”“ émqmom.m,.),on‘-n(M)uot.o)rmn-uu red, n0) (cala) {quit}®
3 1°8 { s

‘{let ¢206, Seslipeisten ("esnteonts®) ) (eale)

o'(pup'muo'-uﬁu.nno-iu.n)10--)'

'{let a294, ("esments®)

‘{let 290, fenlipuintes {“eontents®) ) {sale)

0'(1“.)'0630“'-(.‘) (“l(ou)(.n“.nl'

';ht nn,mc watests™) ) {oale)

‘ /ozedl~radl.

0'/“3M'mtmtm1mlm CALC, 8),0) 8%~

CVLOORDP (OPROPER (LAYER) , CALS, 23)
‘op
!:W (SPROPER (LAYER) , CALE, 3)
W(M(m) »CALL, 4)
m (OPROPER (LAYER) , CALC, 5)
mumu«m».c&u. L)
‘naterial
(GFROPER (LAYER) , CALC, 7)

V200809
"lmt'l.m.lm {OPROPER (LAYER) , CALC, §) =2, 0)
+"MAT 0 GSTRING (VLOOKDY (§PROPER (LAYER) , CALC, 8) =1, Q)
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2881 ’ oopper

A2091 [W23] +"layex”(§OTRING (GVLOOKTR (PROPER (LAYRR) , CALC, §), 0)
92091 [WM11] + "ML LOSFTRIIN (VIOORTY (CPROPRR (LAYER) , CALLC, 8) , O}
AZ90) [W23] ¢ layer* tGFTRING {SVIO0NUP (SPROPER (LATRR), CALC, 8) #1,0)
82901 [W11] +"MAT®SOSTRING (VLOOKUP (§PROPER (LAYER) , CALC, 8) +1, 0)
C2901 ‘58304

A293: (W13) ‘eif

AZ94: (wW23] 0.18

A296: (W23] 'ec
AZ971 (wW23] 0.387
A299: [w23]

Ar
AJ00: (W23] (0.0000000017¢ (A200+A2824919.34) ¢ ( (A2804439.67) 2+ (A2024459.67)42))/ (1/A294+ (A274/A276) * (1/A297-1))
A302: (w23} 't
A303: (W23] (SB821/(AI00*2*QPI*A2T4*IDST+I*APICA2TE*SDS7/ (SN (A2T6/A274))) ) +A282
3303 (W11] +#A930)
A30S: (W23] ‘Iaternal Radiation Paramaters
A306: (W23) ‘b
83061 (Wil] +8A83300
A307: {W23] ‘ed
D307: (Wil] +0A8294
AJ08: [(W23] ‘eo
8300: [Wll] +5A8297
A499: (W13} ‘Range Namas in Radial Worksheet
AS01: [W23] ‘AIR
8301: (W1l) 'M217..M236

AS02: ([W23) ’'AIRCOWV .
3802: {Wil) Y217..3236¢

AS03: (W23] ‘ALOMIWNOM

83031 [W1l} ‘AT217..A0236

ASO4: (W23] ' ARGOW

3504: {W1l] 'AN217..A123¢

AS0S: (w23) -

BALSA
830S: (Wil] ’A3217..BA23¢
AS06: (w23] ’BSILICONS
2506: (W11l) 'G217..823¢
ASQ7: (W33) ’CALS
3807 {W11] ‘AL2..I18
AS081 [W23] ‘COPPER
8508 (Wll] ‘J217..K23¢
AS09: ([¥23] ’COUNTER
3309: (wll) 'AY0 '
AS101 (W23} ’CSTREL
8101 ([Wll) °$217..T23¢

AS11: ([wW23) D!
BS11: (Wil] ‘v217..W236
AS12: (w2)] 32

3511 {wWii] ‘929
AS131 (W23} ‘B0
$813: [Wll]) 830

ASide (W2

814 {W11) 'aN

AS18: (w13) ‘aMeR

8315t (Wll) ‘D42..D40
AS16: (W23] ‘230COWV
3316 [Wi1l] 'AB217..AC236
AS17: (w23) -

o
3817: (Wll) ‘AK217..AL236
AS18: (W23] ’IJACKET

PS18: (W21] °ME2..M46

ASL9t (W23} ’ IWeRR

85191 (Wil] ‘Ad2..A49

AS201 (W23] ‘ IWTERD

33201 [Wil] ‘880

AS21: (W23] ‘INTRAD

$821: (Wll] ’'8292

AS221 (W23) ‘ FGAMG

3%32: (Wil) °831)

AS23) (w23} ’ru1ca

8823 (W11] ‘Q4d

AS241 (w23 ‘gI

89241 (W1l] ‘ATS

AS28: (W23] ‘KIJACKET

88285 (W11) ‘16

ASZ61 [W23] ' KINNER

8926: (wil] °E12

AS27:¢ (wW23) ‘RLOW

33271 [N11) ’Qe3

ASZ®: [w23) °

8528: [w1l) ‘M17

AS29t (W23] ‘ FERUTRON y
829 [W11] ‘218
AS30:1 {W2)] ' FOIACERT
8330: [wil)] ‘810
AS31: {w2)) ‘FOUTER
»331: {Wil] ‘w14
AS32: (W23] ‘LAYER
#332: (N1} ‘1N
AS331 (wW23] ’LAYSRA
853): (Wll] ‘Al2
AS34: [W23] ’LAYERZ
»934r [W1l] ‘A13
AS3Ss ([W23] °LAYSR)
§83St (Wil] ‘Ald
ASI6: [W23] ’LAYSRG
28360: (W11} A1S
AS37: (W23} °LAYERS
1IN (M1 'ALe
AS3G: {W23] ’LAYSRS
$538: (Wi1) ‘17
AS3I9t (W23} ’LAYER?
8339t (Wll) ‘AlS

AS401 (W23] ‘LEAD
8340¢ [W11] °D217..323¢
ASdl: (wW23) ‘M2
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NWACKET
‘742..040
B/

'X212

' J43. .48

’ NINTRAD

‘9247

' NITROGES

‘AN217..A0236

‘e

‘A270

‘%83

‘9217..Q23¢
4

' H838TT
‘AQ217..AR236
' WOMBRRY

1843, .84
’ OUTER
*342..080

* PARAM
‘Vi3..Am®

’ PURNTEAN
*BE17..20230
* RAD

‘w1

*NADL
*A20..330
*mADZ

*A304. . 8308

)

‘36217, .30236
’ REPORT

V.. AA2?

- 38304
*A217..823¢

* TASLEL

‘a43

TVEAA
‘r13..013
’ oz
‘r16..a16
‘'
‘r12..812
' DOVACER?
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35931 (WM1] ‘ri7..@7

ASS41 (W23} ' DMENSUTRCN
WG (M1) ‘TS A8
AS99: (w23] ' DMODCENS

3398: (wi1] ’'710..418 _
ASSS: {W2)] ' DEUIER
3596 (W11} ‘rid..824-
AS87: (w33] ’vOrID -
B8397: (Wt 'A.!U..Aﬂ’_’
AS96:1 (W23] 'WATER

9398 {Wil] ’AB217..AP236¢
ASS9 (W23] '\Q

85991 [wil) ‘8208

AG00: [(W23] ‘\¢

3600: {W1l) ‘Blse

ASO1: (W23} ’\a@

36011 (Wil] 'B9e

A602: {w23) '\1

36€02: (Wil] ’'aes

AS03:1 (W23] ‘\1IACERT
3603 [W1l) ’3138

AS04s (W23) '\K

2604: (WM11] ‘D174

AG0S: (W23] '

3603y [Wil] ‘'Bl4e
AC08: (W23) '\m

3606: (W1l) 'B122
A€07: [W23}] ’‘\OJACKRT
3607t [Wil] ‘16l
A€08: (W33] ’\R

3608: (wii] ’'B208
AG09:1 [W23] ‘\s

2609 (W11} ‘B1QY

B.2 Range Listing

Range Names in Radial Worksheet

AIR M217..N236
AIRCONV Y217..2236
ALUMINUM AT217..AU236
ARGON AH217..A1236
BALSA AZ217..BA236
BSILICONE G217..H236
CALC Al2..118
COPPER J217..K236
COUNTER A70

CSTEEL . 8217..T236
DURANIUM . V217..W236
EI B29

EO B30

FLAG H31

GAMMA D42..D48
H20CONV AB217..AC236
HELIUM AK217..AL236
IJACKET M42..M46
INNER A42..A49
INTERP B8O

INTRAD B252

KGAMMA E13

KHIGH Q44

KI A76
KIJACKET El6

KINNER E12

KLOW Q43

KMJACKET El7

KNEUTRON E15

KOJACKET E18

KOUTER El4

C.27



LAYER
LAYER]
LAYER2
LAYER3
LAYER4
LAYERS
LAYER6
LAYER?7
LEAD
MAT1
MAT2
MAT3
MAT4
MATS
MAT6
MAT?
MJACKET
N/A
NEUTRON
NINTRAD
NITROGEN
NO

NS3
NS38TIF
NUMBER1
NUMBER2
NUMBER2J
NUMBER4
NUMBERS
NUMBERS6
NUMBER?7
OJACKET
OUTER
PARAM
PURETHAN
RAD
RAD1
RAD2
REDWOOD
REPORT
88304
TABLE1l
TABLEZ2
TABLE3
TABLE4
TABLES
TABLE6
TABLE?7
THIGH
TIl

TI2

TI3

Y21

Al2

Al3

Al4

AlS

Alé

Al7

Al8
D217..E236
H12 .

H13

H1l4

H1S

H1l6

H17

H18
P42..P48
X212
J4z2..J48
B247
AN217..A0236
A270
P217..Q236
AQ217..AR236
B38

E38

H38

K38

N38

Q38

T38
S42..343
G42..GS0
V13..AB19
BF217..BG236
w2l
A28..B30.
A306..B308
BC217..BD236
V1..AA27
A217..B236
A42

D42

G42

J42

M42

P42

842

P4

F1

Fi

Fl<
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TI4

TIS

TI6

TI7

TLOW

™
TMGAMMA
TMIJACKET
TMINNER
TMMJACKET
TMNEUTRON
TMOJACKET
TMOUTER
VOID
WATER

\0

\C

\G

\I
\IJACKET
\K
\MJACKET
AN
\OJACKET
\R

\s

F15
Fl6
Fl7
Fl8
P43
A74
F13..G13
F16..Gl6
Fl2..Gl2
Fl17..Gl7
F15..G1l5
Fl18..G1l8
Fl4..G1l4

AW217..AX236
AE217..AF236

B20S
Bl184
B96

B68

B13S
B174
B1438
Bl122
Blé61l
B208
B109



Appendix C

88304

304 Stainless
Ref: HTAS1

T

Emmisivity

lead
Lead

Ref: HTAS1

T

Emmisivity

bsilicone
Boro Silicone

Material Library

Steel

32
212
392
572
752

1112
1472

0.587

32
212
392
572
630
717
800
980

1276

0.63

Ref: Manufacturer

T

100

20.3
19.3
18.2
17.2
12.1

9.7

8.7
8.66

c.30



copper
Pure Copper
Ref: Lienhard

T -
32

212
392
572
752

Emmisivity

air
Standard Atmosphere
Ref: Lienhard

T
80.6
170
261
351
441
531
621
711

NS3
NS3
- Ref: Manufacturer

T
150

232
230
226
225
222
218

0.0151
0.0172
0.0191

0.021
0.0228
0.0246
0.0263

0.028

0.4882

c.31



CSteel
Carbon Steel

Ref: HTAS1
T
32
212
392
572
752
1112
1472
1832
Emmisivity
0.587
DUranium
Depleted Uranium
Ref: HTAS1
T
32
752
1472
1652
Airconv

Alr with natural conv.
Ref: HTAS1

T
150
H20conv
Water with natural conv.
Ref: HTAS1
T
150
200
250
300
400

25
25
24
23
21
19
17
16

15
20.1
27.6
30.2

14.75
17.33
19.15
20.83
23.35

c.32



water
Pure Water
Ref: Lienhard

T . k

32 0.332

44.6 0.336

80.6 0.352

116.6 0.368

152.6 0.381

188.6 0.39

212 0.394

260.6 0.397

296.6 0.395

332.6 0.391

268.6 0.386

404.6 0.377

440.6 0.367

476.6 0.354

512.6 0.338

548.6 0.321

584.6 0.3

620.6 0.278

argon

Pure Argon Gas
Ref: Lienhard

T k
0 0.00891
100.4 0.0105
200.3 0.012
300.2 0.0134
400.3 0.0148
500 0.016
1000 0.0215

nitrogen

Pure Nitrogen Gas
Ref: Lienhard

T k
80.6 0.015
260.6 0.0189
440.6 0.0225
620.6 0.0258
800.6 0.0288
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ns3stif
NS3 with Stiffeners

150

aluminum
Pure Aluminum
Ref: Lienhard

T ' k
32
212
392
572
752
1112

Emmisivity
0.2

void
Internal Void

200

balsa
Balsa Wood (across grain)
Ref: HTAS1

T ' k
150

0.949

136.4
138.7
137.5
135.2
131.7
124.2

0.0484



redwood
Redwood (across grain)
Ref: HTAS1

T
150
purethan
Polyurethane Foam
Ref: HTAS1
T
150

0.0636

0.0242
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1.0 Introduction

This report documents a Lotus 123° Release 2.2 worksheet, 140B-
WT.WK1, that calculates the weight of NUPAC’s 140-B rail/barge
spent fuel shipping cask. The worksheet calculates the maximum
hook weight and the maximum shipping weight of the cask for
different thicknesses of shielding materials. The worksheet is
intended to show the effects of changing the cask neutron and
gamma shield thicknesses on the total cask weight.

The weights of the cask internals, ends, and accessories are
input into the worksheet by the user, and the thicknesses of the
shielding materials can either be manually input or retrieved
from a linked file. The worksheet then calculates the weight of
the shielding materials by determining the volume occupied by
each cask layer. The volumes of layers with complicated
geometries (the neutron shield and copper fins) are calculated
using correction factors based on the weights reported in the
cask preliminary design report (PDR) [3]. The use of the
worksheet is described in Section 2 and the calculation technique
is described in Section 3. The worksheet is reproduced in
Appendix A and the cell formulas are listed in Appendix B.

2.0 Use of Worksheet

The parameters input into the worksheet by the user to calculate
the total weight of the cask include the weights of the cask
internals and accessories, and the thicknesses of the shielding
materials. As an alternate to manually entering the material
thicknesses, the user can easily link the worksheet to a
worksheet which performs a thermal analysis on the cask shell.
Pressing the key sequence alt-L then updates the link. A
description of the input parameters is given below. The
worksheet listing is given in Appendix A and default values are
taken from Reference 3.

Link To Thermal?: (label, "yes" or "no") If this cell
contains the label "yes" then the worksheet uses the latest
values obtained from a link to the worksheet which
calculates the cask temperature distribution to determine
the cask weight. Otherwise the cask weight is calculated
using the shielding thicknesses input by the user.

Path/File Name: (label) Tells the worksheet where to look
for the thermal worksheet in order to perform the link.

This entry has the form, drive:\subdir\file. If the thermal
worksheet is in the current directory then the drive and
path names can be omitted. The file extension, WK1, is
appended to the filename by the worksheet and should not be
input by the user. The link should be updated after any
changes to the linked file. The link is updated by pressing
alt-L.
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The following parameters define the cask shielding thicknesses:

Cask Inner Radius: (value, in) The inner radius of the
cask inner liner. Default value is 28.5 inches.

Inner Shell Thickness: (value, in) The thickness of the
cask inner shell. Default value is 1.13 inches.

Gamma Shield Thickness: (value, in) The thickness of the
cask lead gamma shield. Default value is 3.5 inches.

Outer Shell Thickness: (value, in) The thickness of the
cask outer shell. Default value is 1.5 inches.

Neutron Shield Thickness: (value, in) The thickness of the

cask Boro-Silicone neutron shield. Default value is 5.88
inches.

Inner Jacket Thickness: (value, in) The thickness of the
copper inner thermal skin. Default is .125 inches.

Air Gap Thickness: (value, in) The thickness of the steel

wire which maintains the air gap between the inner and outer

thermal skins. Default is .134 inches.

Outer Jacket Thickness: (value, in) The thickness of the
cask outer thermal skin. Default is .125 inches.

The following parameters define the weights of the cask internals

and accessories:

Basket: (value, lb) The weight of the fuel basket. Default

value is 14,225 pounds for the PWR basket.

Fuel: (value, lb) The weight of each fuel assembly.
Default value is 1,515 pounds for a PWR assembly.

Water: (value, 1lb) The weight of water contained in the
cask when the cask is removed from the fuel pool. Used to
calculate the maximum hook weight. Default value ’'is 8,000
pounds for the PWR basket.

Lift Fixture: (value, lb) The weight of the cask lift
fixture. Default value is 2,325 pounds.

Impact Limiters: (value, 1lb) The weight of each of the
impact limiters. Default value is 11,188 pounds.

The following parameters calculate the weights of the cask ends.
These parameters are automatically scaled by the worksheet to
account for changes in the cask radius and should not be modifie
by the user.
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Bottom Closure Plate: (value, 1lb) The weight of the cask
bottom closure plate. The default value is 15,105 pounds.

Bottom Neutron Shield: (value, 1lb) The weight of the Boro-
Silicone in the cask bottom end. The default value is 272
pounds.

Bottom Inner Disk: (value, 1b) The weight of the cask
bottom inner disk. The default value is 281 pounds.

Top Closure Plate: (value, 1lb) The weight of the cask top
closure plate. Default value is 14,784 pounds.

Top Neutron Shield: (value, 1lb) The weight of the Boro-
Silicone in the cask top end. The default value is 324
pounds.

Top Inner Disk: (value, 1lb) The weight of the cask top
inner disk. The default value is 331 pounds.

3.0 Calculation Technique

The worksheet determines the weight of the cask by summing the
weights of the cask radial layers, the cask ends, the cask
internals and payload, and the cask accessories. All of these
quantities except the weights of the radial layers are input by
the user. The weights of the radial layers are calculated by
determining the volume occupied by each layer, and multiplying
the result by the material density. The layer weights are
calculated as follows:

1) Inner Shell: The inner shell is modelled as a cylindrical
annulus, having a volume of =®(r,2-r,’)1 where r, and r, are
the outer and inner radii and 1 is the shell length. The
density of SS304 is assumed to be 0.289 1b/in® [1].

2) Gamma Shield: The lead gamma shield is modelled in the same
manner as the inner shell. The density of lead is 0.4097
1b/in?® [1].

3) Outer Shell: The outer shell is modelled in the same manner
as the inner shell. The density of SS304 is assumed to be
0.289 1b/in® [1].

4) Neutron Shield: The Boro-Silicone neutron shield is
modelled in the same manner as the inner shell, with the
volume of the copper fins subtracted from the total volume.
To account for the non-constant radii of the outside surface
of the neutron shield, the difference of the squares of the
radii in the volume formula was reduced by 49.5 to give a
weight for the Boro-Silicone that is in agreement with
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Reference 3. The density of Boro-Silicone is assumed to be

0.0573 1b/in’ [2]. .

5) Copper Fins: The twenty-four copper fins are modelled as
1/2 in thick plates running the length of the cask. The
radial height of each plate is assumed to be the thickness
of the neutron shield plus 3.66 inches (empirically
determined to provide weights in agreement with Reference 3)
and the circumferential length of each plate is assumed to
be equal to 1/24* of the average circumference of the
neutron shield region. The density of copper is 0.324
ib/in® {1]. '

6) Inner Thermal Skin: The copper inner thermal skin is
modelled as three cylindrical annuli. The center section is
modelled in the same manner as the inner shell, using the
thickness input above. The tapered sections are modelled as
an annulus using the average inner radius and a thickness of
0.125 inches. The density of copper is 0.324 1lb/in’ [1}.

7) Outer Thermal Skin: The stainless~steel outer thermal skin
is modelled in the same manner as the inner thermal skin.
In addition to the center and two tapered sections, two more
annuli are modelled at the top and bottom of the cask. The
thickness of the tapered section and the top and bottom
annuli is 0.25 inches [3]. The density of S8304 is assumed
to be 0.289 1b/in’ [1].

The cumulative radii calculated in cells D7 through D14 are used
in all weight calculations. Cells D7 through D14 use the QIF
statement to check the label in cell B3 which determines whether
the file is linked to the thermal worksheet. If linking has been
specified, the radii used to calculate the cumulative radius are
taken from column B. Otherwise the radii are taken from column
C. The macro "\L", called by pressing alt-L, inserts the proper
link references into column B using the file name specified in
cell B4 and replaces the values input by the user with the @NA
function. The weights calculated by the worksheet are described
below.

Cask Total Weight: The cask total weight is the sum of the
weights of all of the radial layers; the bottom closure
plate, neutron shield, and inner disk; and the top closure
plate, neutron shield, and inner disk.

Loaded Cask Weight (dry): 1Includes the weights of the basket and
fuel assemblies in addition to the cask total weight.

Loaded Cask Weight (wet): Includes the water weight in addition
to the cask dry weight.
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Total Hook Weight: Includes the cask lift fixture weight in
addition to the cask wet weight.

Total Transport Weight: 1Includes the weights of the impact
limiters in addition to the cask dry weight. The value
calculated by the worksheet for the present cask geometry is
200,691 pounds which agrees closely with the 200,503 pounds
reported in Reference 3
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Appendix A:

Workshes: Listing

NUPAC 140~-B Weight Calculation Worksheet

Link To Thermal? Yes
Path/File Name: Radialth .wkl

Cask Inner Radius

Inner Shell Thickness
Gamma Shield Thickness
Outer Shell Thickness
Neutron Shield Thickness
Inner Jacket Thickness
Air Gap Thickness

Outer Jacket Thickness

Cask Total Weight
Loaded Cask Weight (dry)
Loaded Cask Weight (wet)
Total Hook Weight

Total Transport Weight

Payload Weights
Item

Basket

Fuel

Water

Lift Fixture
Impact Limiters

Linked
28.5
1.13

3.5
1.5
5.88
0.125
0.134
0.125

132,275
178,315
186,315
188,640
200,691

QTY

D)

Weights of Cask End Assemblies

Item

Bottom Closure Plate
Bottom Neutron Shield
Bottom Inner Disk

Top Closure Plate

Top Neutron Shield
Top Inner Disk

QTY

oy

D.6

Press alt-L to update link

Input

SEEEEESE

bbb b

Weight Each
(1b)

14,225

1,515

8,000

2,325

11,188

Weight Each
(1b)

15,105

272

281

14,784

324

331

Cumulative
28.500
29.630
33.130
34.630
40.510
40.635
40.769
40.894

Total Weight
(1b)

14225

31815

8000

2325

22376



Shielding Cask Materials

Item Density Weight Reference
(1b/in3) (1b)
Inner Shell 0.290 10,593 Mark’'s
Gamma Shield 0.410 50,043 Mark’s
Outer Shell 0.290 16,390 Mark’s
Neutron Shield® 0.057 10,833 Manufacturer
Copper Fins* 0.324 9,430 Mark’s
Inner Thermal Skin 0.324 1,493 Mark’s
Outer Thermal Skin 0.290 2,397 Mark’s
Total Cask Bottom End 15,658
Total Cask Top End 15,439

* Includes scaling factor from preliminary design report

Cask Total Weight 132274.8 1b
Loaded Cask Weight (dry) 178314.8 1b
Loaded Cask Weight (wet) 186314.8 1lb
Total Hook Weight 188639.8 1b
Total Transport Weight 200690.8 1b

Appendix B: Formula Listing

Al: [W26] ’'NUPAC 140-B Weight Calculation Worksheet
Z21: '\l

AAl: ’{goto}link~

AA2: (F3) +"+<<"&3B$4&C4&">>D6~"

A3: [W26] "Link To Thermal?

B3: U "Yes :

C3: [W14] ’'Press alt-L to update link

AA3: ' {down}

A4: [W26] "Path/File Name:

B4: U ’'Radialth

C4: [W14] '’ .wkl ;
Z4: QNA

AAd: (F3) +"+<<"&3BS4eC4E">>D12~"

AAS5: ’ {dowm)}

B6: “Linked

C6: [W14) “Input

D6: [W1l4] ~Cumulative

AAG: (F3) +"+<<"&$BS4&3CS4&">>D13~"

A7: [W26)] ’'Cask Inner Radius

B7: +<<C:\123\FILES\RADIALTH.WK1>>B6

C7: U [W14] QNA

D7: (F3) ([W1l4] QIF (QUPPER(QLEFT (B3,1))="Y",LINK,C7)
AA7: !’ {down}
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A8: [W26] 'Inner Shell Thickness

B8: +<<C:\123\FILES\RADIALTH.WK1>>B12

C8: U [W14] aMA

D8: (F3) [wWl4) QIF (QUPPER (QLEFT($B$3,1))="Y", (D7+B8), (D7+C8))
AA8: (F3) +"#<<"eSBS4ESCS4a">>D14~"

A9: [wW26] 'Gamma Shield Thickness

B9: +<<C:\123\FILES\RADIALTH.WK1>>B1l3

C9: U [wWl4] @NA

D9: (F3) [W1l4] QIF (QUPPER(QLEFT($B$3,1))="Y", (D8+B9), (D8+C9))
AA9: '’ {down}

AlQ: [W26] ’'Outer Shell Thickness

B10: +<<C:\123\FILES\RADIALTH.WK1>>B1l4

C10: U (W14] QNA .

D10: (F3) [Wl1l4] QIF (QUPPER(GLEFT($B$3,1))="Y", (D9+B10), (D9+C10))
AAl10: (F3) +"+<<"&S$B84&SCS46">>b15~"

All: [W26] ’'Neutron Shield Thickness

Bll: +<<C:\123\FILES\RADIALTH.WK1>>B1l5

Cll: U [wWl4] QNA

Dl1l1l: (F3) [w14)

QIF (QUPPER (QLEFT ($B$3,1))="Y", (D10+B1l1), (D10+C1l1l))
AAll: ‘' {down)}

Al2: [W26] ’Inner Jacket Thickness

B12: +<<C:\123\FILES\RADIALTH.WK1>>B16

Cl2: U ([Wl4] eNA

D12: (F3) [wWid4]

QIF (QUPPER (QLEFT ($B$3,1))="Y", (D11+B12), (D11+Cl12))
AAl2: (F3) +7"4+<<"&SBS4ESCS4a">>Ob1l6~"

Al3: [W26] ’'Air Gap Thickneass

B13: +<<C:\123\FILES\RADIALTH.WK1>>B17

Cl3: U [Wl4d] @NA

D13: (F3) [wWl1l4)

QIF (QUPPER (QLEFT ($B$3,1) )="Y", (D12+B13), (D12+C13))
AAl3: ’ {down}

Al4: [W26] ’'Outer Jacket Thickness

Bl4: +<<C:\123\FILES\RADIALTH.WK1>>B1l8

Cl4: U (W1l4] QNA

D14: (F3) ([wW14]

QIF (QUPPER (QLEFT (3$B$3,1))="Y", (D13+B14), (D13+Cl14))
AAl4: (F3) +"+<<"aSBS4&SC84&">>b17~"

AAl5: ’ {down)

AAl6: (F3) +"+<<"&ESBS4&SCS46">>b18~"

Al7: [W26) ’'Cask Total Weight

B17: (,0) (B72)

Cl7: [wWl4) ’'1lb

AR17: ' {goto)b3~

Al8: [W26)] ’Loaded Cask Weight (dry)

B18: (,0) (B73)

Cl8: ([Wl4] ’'1lb

AAl18: ’'{if QUPPER(Qleft (B3,1))="Y"}{(Branch aa20}
Al9: [W26] ’‘'Loaded Cask Weight (wet)

B19: (,0) (B74)

Cl9: [wW14] ‘1lb



AAl19: ' /cna~b7.bld~/ruinput~{quit}
A20: [W26] ’'Total Hook Weight
B20: (,0) (B75)

C20: [wl4] ’1b

AA20: ’'/cna~c7.cld~/ruinput~{quit}
A21: [W26] 'Total Transport Weight
B21: (,0) (B76)

C21l: [W1l4] ’1lb

A26: [W26] ’'Payload Weights

A28: [W26] ’'Item

B28: 'QTY

C28: [W1l4) “Weight Each

D28: [W14] ~Total Weight

C29: [W14] ~(1lb)

D29: [W14] ~(1b)

A30: [W26] ’'Basket

B30: 1

C30: (,0) U [wWl4] 14225

D30: ([(W14] (B30*C30)

A3l: [W26] 'Fuel

B31l: 21

C31: (,0) U [w1l4)] 1515

D31: ([W1l4]) (B31*C31l)

A32: [W26] ’'Water

B32: 1

C32: (,0) U [wi4) 8000

D32: (W14] (B32*C32)

A33: [W26] ’'Lift Fixture

B33: 1

C33: (,0) U [wl4] 2325

D33: ([Wl4] (B33*C33)

A34: [W26] ’'Impact Limiters

B34: 2

C34: (,0) U (wld4] 11188

D34: [W1l4] (B34*C34)

A40: [W26] ’'Weights of Cask End Assemblies
Ad2: [W26] ’'Item

B42: 'QTY

C42: [W1l4) ~Weight Each

C43: [W14] ~(1b)

A44: [W26] ’'Bottom Closure Plate
B44: 1

C44: (,0) [wl4] 15105*D14/40.894
A45: [W26] ’‘Bottom Neutron Shield
B45: 1

C45: (,0) (wl4] 272*D14/40.894
A46: [W26] ’'Bottom Inner Disk
B46: 1

C46: (,0) [wl4] 281*D14/40.894
Ad47: [W26) ’'Top Closure Plate
B47: 1

C47: (,0) [W1l4]) 14784*D14/40.894
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Ad48: (W26] ’'Top Neutron Shield

B48: 1

C48: (,0) [wld4] 324*D14/40.894
A49: [W26] ’‘Top Inner Disk
B49: 1

C49: (,0) [wW1l4] 331*D14/40.894

A52: [W26] ’'Shielding Cask Materials
AS54: (W26] ’'Item

BS4: “Density

CS4: (,0) [Wl1l4]) “Weight

D54: [W1l4] ’'Reference

B55: ~(1lb/in3)

C55: (,0) [wW14] ~(1lb)

AS57: [W26] ’'Inner Shell

B57: (F3) 0.29

C57: (,0) [W1l4] ((D8~2-D7"2)*QPI*177*BS57)
D57: [W14] ’'Mark’s

AS58: (W26] ’'Gamma Shield

B58: (F3) 0.4097

CS58: (,0) (W14] (D972-D8"2) *QPI*177*B58
D58: (W14] ’'Mark’s

AS59: [W26] ’'Outer Shell

B59: (F3) 0.29

CS9: (,0) ([(W14] (D1072-D972) *QPI*177*BS59S
D59: ([W14] ’'Mark’s

A60: [W26] ’'Neutron Shield*

B60: (F3) 0.0573
C60: (,0) ([(W14] ((((D11~2-D1072)-49.5)*@PI*177)-C61/B61)*B60 .
D60: [W14] ’'Manufacturer

A6l: [W26] ’'Copper Fins*

B61: (F3) 0.324

C6l: (,0) [wi4])

(((3.66+D11-D10) ~2+(2*@PI*(D10+(D11-D10)/2)/24)~2)"0.5)*0.5%177*2
4*B61

D61: [wW1l4] ’'Mark’s

A62: [W26] 'Inner Thermal Skin

B62: (F3) 0.324

cé62: (,0) (wi4)

((99*(D1272-D1172))+2*(((23.25%2+(23.25*(D14-38.7) /33.25)"2)*0.5)
*((D11-(23.25*%(D14-38.7)/(2»33.25)))~2-(D11-(0.125+(23.,25*(D14-38
.7)/(2%233,.25))))*2))) *QAPI*B62

D62: [W14] 'Mark’s

A63: [W26] ‘Outer Thermal Skin

B63: (F3) 0.29

C63: (,0) ([wi4) _

((D14°2-D1372) *QPI*99+2*7.75*((38.7)~2~-(38.7-0.25) *2) *@PI+2*(33.2
5~2+(D14-38,7)72)~0.5*((D14~(D14-38.7)/2)~2- (D14~ (D14-38 7)/2-0.2

S) ~2) *@PI) *B63

D63: (W14]) ’'Mark’s

A64: [W26] ‘Total Cask Bottom End

Cé64: (,0) [W1l4] QSUM(C44..C46)

A65: (W26] ’'Total Cask Top End ‘
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C65: (,0) [wWld] QSUM(CA47..C49)

A67: [W26] '* Includes scaling factor from preliminary design
report

A72: [(W26] ’'Cask Total Weight

B72:
(C57+C58+C59+C60+C61+C62+C63+B44*C44+B45*C45+B46*C46+B4AT*C47+B48*
C48+B49*C49)

C72: [wW14) ’1b

A73: [W26]) ’‘Loaded Cask Weight (dry)

B73: (B72+B30*C30+B31*C31)

C73: [Wi4] ’1d

A74: [W26] ’'Loaded Cask Weight (wet)

B74: (B73+C32)

C74: [W14] '1b

A7S5: [W26] ’'Total Hook Weight

B75: (B74+C33)

C75: (Wi4] ’1lb

A76: [W26] ’'Total Transport Weight

B76: (B73+B34*C34)

C76: [Wl4]) ’'1b

Range Names

INPUT c7..Cl4
LINK B7

NA z4

TEXT Al..D76
\L AAl
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NuPac 140-B Cask PDR Rev. 1, April 1990

. C.4.0 Estimation Of Fabrication Costs
ITEM COSTS
Cask Body $ 1,736,000
Impact Limiters 190,000

($95,000 x 2)

PWR Basket 445,000
BWR Basket 595,000
TOTAL $ 2,966,000

Ancillary Equipment

‘ Railcar (less test) $ 230,000

Craddle 250,000
Lift Fixtures 250,000
Uprighting System 175,000
Impact Limiters Removal System 150,000
Sunshield/Personnel Barrier 100,000
Cask Drain/Fill System & Misc. Equipment 75,000
TOTAL $ 1,230,000
NOTES: 1. This cost estimate is for one cask system.
‘ 2. These costs are in 1989 dollars.
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‘ ‘ C.5.0 Estimation Of Fabrication Schedule
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COMMENTS AND RESPONSES

ON THE

NUPAC 140-B RAIL/BARGE SPENT NUCLEAR FUEL CASK

PREL ARY DESIGN PACKAGE

REVISION 1

MARCH 30, 1990



GROUP NUMBER ONE ‘
ADDITIONAL TRG MEMBER
COMMENTS AND RESPONSES

General Information The collection of water in the Trunnion during shipping
appears to be a potential problem. Reviewer: R. B. Pope (ORNL).

RESPONSE: NuPac will provide seal caps in final design to prevent intrusion of
water.

Thermal Analysis Assure that the ambient temperature assumption is correct per
the given requirements. Reviewer: P. Standish (Westinghouse Las Vegas).

RESPONSE: The ambient temperature assumption of -20°F to 100°F is correct per
10 CFR 71 Para. 71.71b and 71.73b.

Criticality Evaluation Drain rates and fill rates for the PWR basket flux traps should
be considered in the criticality evaluation. Reviewer: C. Hooper (ORNL).

RESPONSE: Drain and fill rates of the PWR baskst flux trap will be addressed very
early in the final design phase. Because of the relatively slow drain
rate of the cask at a reactor site, it is expected that the water will
drain out of the flux trap at the same rate as experienced in the fuel
storage cells. The forthcoming review will address this operation as
well as the potential for rapid water fill which could occur during a

hypothetical accident.

General Comment Off-gassing of the urethane used in the Impact Limiter design
and the Boro-Silicone used in the neutron shield should be addressed with respect
to personnel safety hazard during a fire. Reviewer: H. Peterson (INEL).

mmwmmmmmumamcmu
the toxic gas of concern during a fire. In an open environment
toxicity is not expected to build to harmful levels. This will be

investigated further in final design.




GROUP NUMBER TWO COMMENTS AND RESPONSES

REVIEWER: R.R. RAWL,
OAK RIDGE NATIONAL LABORATORY

I. General comments

1. Impact Limiter and Lid handling

a.

RESPONSE:

RESPONSE:

The fit of the impact limiter to the cask body and the fit of the lid to
its seat involve moving heavy objects into areas with very close
tolerances. The tolerances used in this design require that the need
for careful control of the limiters and lid during installation and
removal be addressed in the design. Specific concems are
addressed in Section II, and include such concerns as the installation
of cold (smaller diameter) limiters on a warm (larger diameter) cask;
and, the use of guide pins to install the lid.

This is an operational as well as a design concern and will be
resolved during final design and during preparation of the operating
procedures.

In addition, the installation of these components requires torque
values that can not be delivered manually. Special tools that can
lock against some feature to provide the counter force are required.
For example, a mechanical advantage power tool might lock against
a bolt installed in an impact limiter bolt hole during torquing of the
lid.

NuPac will recommend the use of special air tools to perform these
operations, similar to those used on the IF-300 cask

No means of handling the limiters was found in the design, but one
is required. Lift fixtures must act through the center of gravity to
allow the yoke to hang vertically.

Present design allows the impact limiters to slide longitudinally along
the rail car away from the cask body and remain on the rail car.

It is not exactly clear how alignment of the lid for bolting is to be
achieved. The two features intended to provide alignment, the cask
lid securement, and the guide pins, each have problems with
operability that are discussed in Section II.



RESPONSE: It is projected that three (3) guide pins will be utilized to provi
lid/body alignment. Specific details will be provided during
desigmn.

2. Contamination Control

a. Additional design consideration should be given to the control of
contamination in the cask system. As noted early in the design
document, the potential for contamination in the basket flux trap is a
concem. In addition, the flow of water through the bottom of the
basket around the bottom and around the spacers should also be
considered.

RESPONSE: NuPac's operational experience in basket/cask decontamination for
the IF-300 and truck casks will be used to provide an "optimized"
basket design which reduces the potential for crud entrapment
and/or accumulation. Water concerns will also be addressed in final
design.

b. Design features should be considered that address contamination
control (including weeping) of the cask surfaces. This should
include a barrier for the annulus area of the lid, draining of "buckets!
spaces such as the annulus and bolt holes, and treatment of the cas
surface (or protection of it during pool loading) to facilitate
decontamination.

RESPONSE: Contamination control has and will continue to be addressed in the
final design phase utilizing actual cask operational experience.

c. A proposed arrangement for protection of the cask during underwater
loading, along with the incorporation of the necessary attachment
points on the cask in the design would be beneficial.

RESPONSE: NuPac will address this concerm in the final design phase.

3. The Vent/Fill/Drain/Test Port Configuration

a. There was insufficient information available in the design report to
understand how the various ports and fixtures were intended to
operate. Many specific observations are provided below.

RESPONSE: NuPac will address this concem in the final design phase. All éas
penetrations will be designed to be operated and/or accessed with
remote handling techniques.

4



RESPONSE:

RESPONSE:

RESPONSE:

RESPONSE:

Of immediate concem is the size of the vent and drain lines. While
the drilled portion of these lines was apparent from sketches and
drawings, the size of the line as it passed through the port gear could
not be determined. For the vent line .78 inches was considered
adequate and for the drain | inch is probably adequate. Larger
sized, or more valves, could improve handling time.

NuPac will address this concem in the final design phase. (See
above)

The amount of maintenance expected or required on these items
could not be determined. For the numerous o-rings captured in the
inserted equipment, the equipment must be designed to be removed
as a unit or servicing is not possible. The drain "debris cover"
installation/ removal is not obvious, there is neither handle nor socket
for rotating it.

NuPac will address this concern in the final design phase. (See
above)

Connections to the fixtures used to operate the ports should be made
with relatively common devices, snaptites, swagelocs or the like.
Connection of the proposed adapter to the drain will be difficult due
to the angle of the drain and because it is so close to the bottom of
the cask that adapter contact with the floor is likely.

NuPac will address this concern in the final design phase. (See
above)

Pressure testing of the cask containment seals should be considered
for verifying containment following loading at a facility. This seems
less complicated than the method proposed which relies to some
extent on the control cabinet. Besides the directness of using a
pressure test, it is more easily understood by the typical reactor cask
handling technician.

Nupac will address this concern in the final design phase. Here
again [F-300 and other cask operational experience will be utilized
to develop the "optimum" method of testing.



4. Thermal Analysis ‘

a. The Ther—1i Analysis should be revisited to remove the
consideration of the "up to 1 cubic foot of water'. This condition is
not expected to exist in a cask that drains from the bottom (the
water can't hide as it could in the IF-300 in the loop of the dip tube),
and will be vacuum dried.

RESPONSE: To be considered during final design at which time alternate methods
of cask draining will be addressed.

b. By eliminating the steam pressure from the water, it is expec - that
the rupture disc arrangement can be removed. (Since this stem
would permit continuous venting once the disc actuateq, it is
probably not acceptable.)

RESPONSE: The possible removal of the rupﬁma disc will be evaluated and
discussed with the NRC.

c. In addition, the thermal analysis appears to indicate that the impact
limiters (some portion of them) will exceed a temperature of 180
degrees F. If so, then the personnel barrier should be extended to
cover the limiters. Covering the limiters with the barrier is
recommended even if it is not required by the analysis.

RESPONSE: The impact limiter external surface outside of the personnel barrier
does not exceed 180°F.

d. Since this will serve to isolate the cask system from the environment,
and will protect the system from the elements and from incidental
damage in transit.

RESPONSE: See previous response.

e. Finally, the analysis appears to indicate that the loaded cask surface
can achieve temperatures that would preclude hands-on work (OSHA
Regulation). Design consideration should be given to both ccc
down and manual-remote handling needs.

RESPONSE: This concem will be studied during final design. Cask surfaces wi..
be significantly lower in temperature during handling when out of the
sun and with impact limiters removed.




II. Specific Comments

Chapter 1.

Page 1-2, Section 1:l: Fissile Class III can establish restrictive transport
configurations. It is not clear why this package is Class IlI. See additional
comments at Chapter 6.

RESPONSE: The cask will probably end up being a Fissile Class I device. Final

determination to be made during final design.

Page 1-2: The impact limiters are described as "Overpacks" which is an

incorrect use of the terminology. The cask designers are referred to 49 CFR
171.8 where the "Overpack” is defined. Although an impact limiter does
provide protection in handling of the package, it is not an "enclosure" in the
full sense of the word. Even more important, when IAEA Safety Series No.
6 is adopted into the US regulation, the "enclosure to provide protection to
a single package" aspect of the definition will disappear (IAEA Safety Series
No. 6, 1985 Edition, para 133).

RESPONSE: All references to "overpacks” will be changed to "impact limiters".

Page 1-3, Sections 1.2.1 and 1.2.2: The drain/fill rate should be evaluated
by mock up. The amount of decontamination that could occur is probably
limited. It is not clear why the panel length is given as 180 inches, but the
length of both baskets is only 168 inches.

RESPONSE: The 180 inch length is incorrect and will be changed to 168 inches.

The drain/fill rate will be addressed in the final design phase. The
outer shell of the basket is approximately 178.8 inches long to
prevent longitudinal movement of the basket assembly within the

cask cavity.
Page 1-3:
a. Relative to the inclusion of the "flux traps" in the basket and the

design of the basket in general:

The flux traps, because of their design, could prove to be an
operational nightmare since, as noted in other parts of the PDR, they
could become "crud traps". Note for example the text at the bottom
of this page. This is further addressed on page 1-19, where it is
indicated that it must be "reviewed". From an operational point of
view, a '"review" may prove insufficient. Tests of the concept may be
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RESPONSE:

RESPONSE:

RESPONSE:

RESPONSE:

required si- e the basket could prove to be difficult to maintain, an

possible cr.  : even create criticality problems if localized buildup o
crud impa:'cd the proper filling and draining of the flux traps.
Although the potential problem with the flux traps is acknowledged
on page 1-i9, in the final design there may not be much that can be
done about its operational problems. It is not clear how NUPAC will
deal with the situation if operationally it is determined that the design
won'’t work and the designers indicate the trap is needed to ensure
design certification.

The design of the flux trap is subject to change during final design.
Crud buildup, especially PWR crud, will not impact fill/drain rates,
nor will it create criticality problems. Decontamination of the basket
will be done underwater at the cask servicing facility. Basketr als
will be fabricated and tested to verify final design assumptions. . he
IF-300 basket decontamination experience will be used.

The joints of the webs are loose and open and would also be
excellent voids for crud to accumulate.

NuPac will address this concern in detail in the final design phase.
Chemical and/or mechanical decontamination will be used to remove
crud.

It is not evident that this problem can be solved in the final design
phase. It could present such an operational problem that the casks
would be uneconomical to use due to this basic design feature, and
they could prove to be a significant source of unnecessary personnel
exposure during all aspects of the cask use and maintenance.

Our experience in complicated basket design and decontamination
of IF-300 baskets indicate this concemn is unfounded. The 140-B
baskets will be designed such that they will be easy to load/unload
and can be easily decontaminated with minimal personnel exposure.

The baskets contain void spaces in the area between the webs and
the basket shell. There is no acceptance test to ensure that these
voids are leak tight and the welding specifications on drawing 2111-
210 does not specify NDE of these welds. Some assurance is
needed that these voids will be leaktight and are periodically tested
to insure that they remain leaktight.

NuPac is considering the fabrication of test panels in the final design
phase to address such concerns. We are also considering allowing

8



water to fill these spaces during fuel loading. The water would drain
from the spaces during draining of the cask cavity.

5. Page 1-4. Section 1.2.4: The fact that personnel barrier removal does not
require a crane is a plus; however, the advantage is lost because of the
need to install the uprighting fixture which does require a crane.

RESPONSE: The feasibility of allowing the uprighting fixture to remain on the
railcar will be investigated during final design. A key factor to be
considered is the limit of 263,000 pounds on the rail bed.

6. Page 1-5, section 1.2.5: While the lid securement system has some benefit
by not requiring bolts to be installed as the cask is removed from the pool,
it also presents the opportunity for a major operator error if the bolts (two
or three?) were not disengaged or if they snagged a thread and lifted the
lid of the loaded cask. It would appear prudent to install two or three lid
bolts hand tight in the cask as it comes out of the water. Operator exposure
at this point is not a major consideration since the cask contains pool water
which provides significant additional shielding. A consideration of this
feature may be the extent to which it provides lid alignment during
installation of the lid. The utility of this feature should be reconsidered.
This design does not consider the consequences of a yoke separation
causing a cask tip incident.

RESPONSE: The method described above is currently used on some casks. It
does add to operator exposure and it seems prudent to consider
alternate methods. A final decision as to how the lid is handled
during removal/installation will be made during final design.

b. The operation of the lid security system is difficult to understand from
what is provided in this PDR.

RESPONSE: NuPac will expand on operational techniques when the operating
procedures are prepared.



1. Page 1-6, "Payload": The Phase 1, Initiative 1, Cask Physical Performanc'

Specification, (RFP no. DE-RP(07-86ID12625) Interface Guidelines 1.C.2. and
3 specify that the range of burmups for PWR assemblies shall be 18,000 to
35,000 MWD/MTU, and the initial enrichment range shall be 3.00 to 4.50 w/o
U-235. The values shown at the bottom of page 1-6 do not match this
guideline, the PWR assemblies enrichment range is coupled to burnup
range; ie., 3.2 w/o at zero (0) MWD/MTU up to 4.5 w/o at 18,000
MWD/MTU. Also, the lower burnup range between 3.0 and 3.2 does not
appear to be addressed at all.

RESPONSE: The NuPac 140-B package was designed in accordance with the
requirements of Contract No. DE-AC07-881D12700 for the following

forboﬁtPWRtndBWRfuollwithhdﬂalonﬂc}ummlof&O%mdbumupso'
38,000 MWD/MTU and 30,000 MWD/MTU respectively (worst case). In
addition, the criticality analyses considered fresh fuel at 4.8% initial
enrichment. In order to ship 31 PWR fuel assembliss with an initial
enrichment of 4.8%, burnup credit of 18,000 MWD/MTU had to be assumed.

FOOTNOTES:

1. Burnup credit of 18,000 MWD/MTU must be taken in order to ship
3l assemblies with an initial enrichment of 4.8%. Without burmup
credit 21 assemblies can be shipped which have an initial enrichment
of 3.2%.

a The contract requires that cooling times of 8 years shall be

evaluated. This evaluation was performed in the trade off studies
documented in Section C.3 of the PDR.

8. Page 1-10, Section 1.3.4; Is there enough water in this (very) small annulus
to warrant evacuation of it? It does not appear so.

RESPONSE: We have removed reference to the removal of water. ‘ ‘
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9. Page 1-11: The maximum normal operating pressure is stated here to be
300 psia (i.e., 285 psig), on page 2.6-9 it is stated as 284 psig (almost equal),
on page 3.42 it is calculated to be 299 psia (ie., 284 psig), however page 2-
1.1 states that it is 351 psig. The actual figure needs to be consistently
referenced. Apparently the 351 psig reference is to the maximum pressure
in the cask under accident conditions (page 2-7.59) and not MNOP.

RESPONSE: 284 psig is the normal condition pressure and 381 psig is the
accident condition pressure. This will be made consistent throughout
the preliminary design report.

10. Pa -12. Section 1.3.10:

a. It is not clear that a pressure relief system is required. The inclusion
of "up to 1 cubic foot of water' does not appear to be reasonable.
See additional comments at Chapter 3.

RESPONSE: NuPac will address this concern in detail in the final design phase.

b. It was not clear what the sentence: "Rupture discs are provided in
the cask to preclude catastrophic damage to the package should
inadvertent over pressurization (in excess of Regulatory
requirements) occur means." What is the "over pressurization"
Regulatory requirement?

RESPONSE: NuPac believes that "good engineering practice" dictates that an
overpressurization devise be provided to prevent damage to the cask
should inside preasures exceed the cask design pressure. A rupture
devise was chosen to provide this protection. Other methods will be
considered during final design.

11. Page 1-18: Why is the C.E. 178.25 inch fuel excluded?
RESPONSE: The 178.28 C. E. fuel can be shipped in the 140-B cask.

12.  Page 1-]9. Section 1.3.19,

a. In the discussion of the impact limiter from an operational/human
factors standpoint, it is indicated that additional shielding on the
outside of the cask will be considered as appropriate. Is this
possible since the shipping weight of the cask already exceeds 103
tons?

11



RESPONSE: Our analyses indicate that the current shielding is adequate to me.
regulatory requirements. The statement about additional shieldin
has been deleted.

b. In the discussion of the cask surface from an operational\human
factors standpoint, it is indicated that "various surface treatments must
be investigated to reduce the incidence of surface 'weeping’..".
What types of treatments are envisioned here and what would the
maintenance aspects of the treatments be?

RESPONSE: A "smooth" exterior surface is required, and electro-polishing is being
considered as one of several techniques to obtain this "smooth"
exterior.

Chapter 2.
13. Page 2.0-20, Section 2.1.2.2.2.1:

a. The required torque value, 1,300 to 1,400 ft-lbs, can not be obtained
by hand. A special tool will be required that is anchored against a
fixed object. A torquing sequence and number of passes to achie
final torque is also required.

RESPONSE: A special air operated torque wrench system will be supplied as part
of the ancillary equipment. They will be similar to the ones used by
PNS for the IF-300 and the reaction method will be involved in the
design.

b. Such high torque values can be expected to cause wear on the cask
body, or insert, threads. Are inspections/replacement of these items
also required?

RESPONSE: Inspection of bolts and tapped holes will be required and will be
furnished in the Maintenance manual during the final design phase.

14. Page 2.0-24. Section 2.1.2.3; "maximum design life of 25..." delete the work
“maximum" to be consistent with RFP guidelines.

RESPONSE: Section 2.0 has been revised per this comment.
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15.  Page 2.0-24, section 2.2: The quote of maximum hook weight is misleading
since, as noted in the footnote on page 2.0-26, the weight of the channels is
not included. This will increase the maximum hook weight from the value
quoted of 190,108 lbs, to 193,488 lbs. Although this is still less than the
required limit of 200,000 lbs, it should be correctly noted on page 2.0-24.

RESPONSE: Agree, but such a change in one part of the report should be
consistent with other parts that would involve extensive computer
analyses reruns. Thus, such a change will be incorporated in the
final design report and/or the SAR.

16.  Page 2.0-28: Only three of the eight materials listed in the first paragraph
are present in Table 2.3-1. The material properties for these other materials
are needed. Also, the designator of the fourth material listed on page 2.0-28
does not appear to be correct; shouldn't "Type A-320" be replaced by "Type
L43" (see Table 2.3-1, page 2.0-31). Also, there is no table 2.3.2 as
referenced in the second paragraph.

RESPONSE: Section 2.0 has been revised to include this comment. A-320 is not
a type, but an ASTM designation. Type L43 is the correct grade
designation.

17. Page 2.4-1, Section 2.4.4: Shouldn’t the potential (or lack thereof) for

galvanic reaction between copper and stainless steel at least be mentioned?

RESPONSE: Section 2.0 has been revised to include this comment.

18. Page 2.5.1-1 Section 2.5.1.1: Lifting trunnion, and lift gear, should be
designed to address the requirements of ANSI N14.6 and NUREG-0612.

RESPONSE: The trunnions are part of the cask and designed with a factor of
safety of 3.0 per 10 CFR 71. The lifting yoke per Section B.1.1 meets
the requirements of ANSI N14.6 and NUREG-0812.

19. Page 2.5.1- ction 2.5.1.1.;

a. The required torque value of 455 ft-lbs will be difficult to achieve
manually and difficult to apply to 1 inch socket head bolt. A torque
sequence and the number of passes used to reach the torque value

is required.

RESPONSE: This will be investigated during final design. The 128-B cask
specifies nearly the same torque for impact limiter attachment.

13



b.  The maximum torque is 455 ft-lbs, not 445, .

RESPONSE: Section 2.0 has been revised to include this comment.

20. Page 2.6-2, Section 2.6.1.1;

a. Table 2.6.1-1 shows that the impact limiter temperature is above 180
degrees F. Based on this table, it would appear that the personnel
barrier must cover the limiters.

RESPONSE: This table, which will be clarified during final design, is general in
: nature and does not show the local temperature distribution.
Appendix :.3.2, Figures 3.6.2-20 & 23 show that the exterior surfaces

not covered by the personnel barrier will not exceed 180°F.

b. What is the meaning of the "Minimum" temperatures. These
temperatures do not appear to be addressed in the text. Are they -40
based?

RESPONSE: Minimum temperatures are based on -40°F. Thermal and structural
considerations for the cask at -40'F were not found to be a problem.

21. Page 2.7-1, Section 2.7.1: It is not clear why a maximum normal intemal’
pressure of 351 psig is used. 284 is used elsewhere ( See pages 1.11, 2-7.59
and 3.42).

RESPONSE: This inconsistency will be taken care of in the final design report
and/or SAR. 284 psig is a normal condition calculation. 381 psig is an
accident condition calculation.

22. Page 2.7-89. Section 2.7.3.1: Rupture discs require both a temperature and
a pressure rating.

RESPONSE: NuPac will address this concern during the final design phase.
23. Page 2.7-59: At two locations on this page, the "fire transient' condition is
mentioned. The regulations do not specify a "hypothetical fire conditions,

“rather they specify a "hypothetical thermal test" condition (see 10 CFR 71.73
(c) (3)). Please be accurate in describing this test. Fire test is misleading.

RESPONSE: Secﬁmz.Ohuboenmvhedtoheorpm'hypo&wﬁcalaccxdent

thermal event". ‘
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24. Page 2.7-6]1; Same comment concerning the use of the term "fire accident"
as on page 2.7-59.

RESPONSE: Section 2.0 has been revised to incorporate
“"hypothetical accident thermal event'.

25. Page 2.7-68, Section 2.7.8: Some discussion is required
as to the condition of the inner shell after the pin
drop. It is assumed that testing will be done to confirm
analysis, but the effects of on the inner shell could be
operationally important.

RESPONSE: NuPac will address this concern during the final
design phase. 8imilar type constructed casks show
very little damage to the inner shell from the pin
drop.

26. Page 2.10.2-27: The analysis of forces on the impact
limiter attachments does not appear to take into account
forces resulting from the sunshield/personnel barrier.
Since the barrier rides in tracks on the limiters, their
contribution to impact forces needs to be considered.

RESPONSE: During separation of the cask from the railcar, the
personnel barrier, which is very light in weight
relative to the weight of the cask, is designed to
break away from the cask. A more complete
description will be prepared during final design.

Chapter 3.

27. This analysis is very difficult to follow and to
understand.

RESPONSE: As a comment in response, part of the problem is
the following of the Reg Guide 7.9 format.
However, this presentation is typical of a final
SAR document that the PDR document attempts to
enmulate.

28. Pages 3-3 and 3-4: Nothing could be found in the
drawings or description in Chapter 1 concerning either a
thermal shield or the coating of surfaces with black
paint to enhance thermal rejection through thermal
radiation. However, on page 3-3 it is mentioned that
"Interior surfaces of the thermal shield and attached
load collar are painted with a high emittance black
paint. Adjacent surfaces of the neutron shield are
painted with the same material." Furthermore, figure
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3.1-1 indicates that surfaces are coated with a "High II‘
EMITTANCE BLACK PAINT" ( see item "D" on the figure). A
number of questions arise from this:

a. What is the thermal shield referred to in item D,
page 3-3?

RESPONSE: The thermal shield is the cask outer cylindrical
layer of steel, which is 1/8 inch in the center and
1/4 inch thick on the ends and will be further
defined during final design.

b. Will the Boro-silicone shield material itself be
coated?

RESPONSE: No. The borated silicone material is covered on the
outside by a 1/8 inch thick copper cylindrical
sheet. The copper sheet surface adjacent to the
inside surface of the thermal shield is painted
black.

c. How will the performance and longevity of this
coating be verified?

RESPONSE: It may be required that periodic thermal tests of
the cask will have to be performed during routine
maintenance. Coating longevity will be determined
from these tests.

29. Page 3-5, Sectijon 3.1: The temperature values given in
Table 3.1-1 should be clearly presented as the allowable

temperatures. As. presented, they appear to be the
maximum temperatures of Critical cask components.

RESPONSE: The temperature Qalues will be clearly identified
as maximum allowables during final design.

30. = i 3.1 It is not clear why thermal
output from a design basis fuel assemble was not obtained
using ORIGEN2, instead of for"... one metric ton of
heavy metal...". Reference "g" is "unpublished data sheet
transmittal from George Townes of BEI to Dan Kent of
NuPac, dated April 3, 1989." While there is no reason to
doubt the data contained in the transmittal, there is no
way to cross-check or compare the basis for or the
results of the analysis.

RESPONSE: This comment will be considered during final
design.
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31. Page 3-12: The selection and properties of the neutron
shielding material is briefly discussed here. A number
of comments on the neutron shield material and design
follow:

a.

RESPONSE:

Properties and information on the Boro-silicone
material: If the material is Reactor Experiments

Boro-silicone 236, a significant amount of
design/testing experience is available which is not
mentioned here. For example, a summary of a
design/testing program which selected this material
for further assessment is provided in SAND81-2055
(Pope and Diggs, April, 1982); details of
developmental testing of this and other materials
can be found in the PATRAM'80 proceedings in a
paper by Pope, et. al. and detailed thermo-
mechanical evaluations can be found in SAND80-2303
(Rack and Pearson, February, 1981).

Obtaining the above reports will be pursued and
more testing for the 140-B application will be
planned during final design.

Neutron Shield Design, Testing, Evaluatjion: A

number of significant concerns relative to the use
of this material in this application arise and must
be addressed. Unless this material has already
been successfully used in cask applications such as
this. A detailed and possibly extensive test
program will be required before this material can
be shown to be acceptable as a neutron shield for
this cask. Undocumented experience with a material
similar to the one proposed here (i.e., with Bisco
NS1) showed that, although it performed well in
mechanical, neutron and fire exposure environments,
it did not perform well in the long-term above
ambient temperature environments which will exist
in the cavities of a shipping cask. When exposed
at these temperatures for a long time periods, the
material produced what can be referred to as a
"toothpaste" effect. The containing metal cavities
were eventually ruptured due to internal pressure
(from gases?) and the material was extruded from
the failure points in the same fashion that
toothpaste would be extruded from tears in a
toothpaste tube when squeezed. Care must be taken
to demonstrate that the proposed neutron shield
material will ©behave properly under normal
operating <conditions, and that unacceptable
pressures in the neutron shield cavities will not
be produced.

17



Also, it will be necessary to demonstrate that th
material will ret::n its neutron shieldin
qualities under such <onditions, i.e., after long
exposure to the higher, cask operating
temperatures. Furthermore, the consistency and
properties of "as fabricated" material, and the
method in which the neutron shield is fabricated,
must both be addressed.

RESPONSE: Additional DOE funded test data will be obtained
and evaluated during final design. Additional
testing will be performed as required to
demonstrate the acceptability of the neutron shield
material.

d. C- cer Fins in neutron shield--interaction w
macerials: The presence of copper fins in t
neutron shield cavity is mentioned many times, but
details are sketchy. On page 2.4-1, the chemical
and galvanic .reactions between materials are
discussed, but the presence of copper with
stainless steel is ignored. The potential for
copper/stainless steel reactions must be addressed.

galvanic reactions between stainless steel and

RESPONSE: Section 2.0 has been revised to include data .on‘
copper.

e. Behavjor of neutron shield in hypothetical accident
thermal test environment: The PDR does not mention

the need to vent the neutron shield cavity during
the thermal test. The neutron shield material can
be expected to experience significant degradation
during the 30 minute thermal exposure and to
produce =-- as a result =-- large quantities of
gases. The design needs to be able to accommodate
the rejection of these gases from the neutron
shield cavity without encouraging the combustion of
these gases in such a fashion that the neutron
shield does not become a significant heat source to
the package (in addition to the external heat
source). Consideration should be given to providing
fusible plugs in the outer neutron shield shell to
accomplish this. The potential for puncture of the
shield in the puncture test (10CFR 71.73(c) (2))
will add to the combustion potential of the neutron
shield material. The discussion in Section 3.5
(page 3-55) appears to assume that no combustion of
the n-shield occurs; this assumption needs to be
verified. The tests reported in NUPAC'S reference.
q indicated a substantial loss of material. NUPAC
is also requested to verify the source of the data
in reference q. It is believed that it is the
PATRAM'80 paper noted in the neutron shield comment
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34.

(1) above, and if so it is work by Sandia National
Laboratories not LANL (see Attachment 1I). This
neutron shield material loss could be accompanied
by burning which potentially is a heat source to
the cask. Has this been evaluated?

RESPONSE: Items mentioned in this comment (e.g. fusible
plugs, etc.) will be reviewed during final design.

32. Page 3-53, section 3.4.6: This section should conclude
that a personnel barrier is required. Further, based on
the temperatures given, the personnel barrier must cover
the impact limiters.

RESPONSE: Local impact limiter surface temperatures outside
of the personnel barrier are below 180°F. See
response to comment #20.

33. Page 3.54, and elsewhere in this chapter: Same comments

as earlier concerning the inappropriate use of the term
"fire" (see comment on page 2.7-59).

RESPONSE: Reference to the term '"fire" will be revised to
"hypothetical accident thermal event".

Page 3-74, Sectijon 3.5.4:

a. The basis for doing this calculation needs to be
revisited. The analysis (apparently based on the
IF-300) assumes up to 1 cubic foot of water in the
cavity; but, step 7.1.2.17 requires that a vacuum
be pulled on the cavity. What would be the point
of this vacuum process except to dry the cask? The
basis for the residual water assumption needs to be
explained, if it is retained. There does not seem
to be a basis for its inclusion.

RESPONSE: The current analysis is conservative. It will be
refined per comments during final design.

b. The assumption of water in the cavity 1leads to
dramatically higher pressures and results in the
pressure relief system for the cask. The residual
water assumption should be dropped, which should
result in the "lack of need" for the pressure
relief system. Since the internal pressure would
drop to 88.4 psia (approximately 75 psig, which
still seems high.) :

RESPONSE: This comment will be considered during final
design.
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RESPONSE:

If the residual water assumption is not dropped,
then it must be verified in acceptance testing that
less than this amount remains in the cask after the
vacuum condition intended by step 7.1.1.17 of the
operating procedure.

This comment will be considered during final
design.

Chapter 4.

35. a

a.

RESPONSE:

RESPONSE:

- Section 4.1.3.2:

It does not seem possible that the helium leak test
Fr oposed in 8.1.3 could test the containment
koundary welds due to the fact that a number of the
welds on non-containment boundary welds occur
before the containment boundary welds, and these
welds could prevent the helium from even reaching
the containment welds. The standard method of
testing these welds 1is by radiography during
fabrication, and then by pressure testing during
acceptance, and thereafter annually. It is noted
that drawing 2111-201, sheet 1 of 12, note 14
indicates that such a pressure test is required.

Nupac will address this concern in detail in the
final design phase. Manufacturing acceptance tests
will be performed which will satisfy the stated
concern.

Torque values of 1300-1400 ft-lbs can not be
obtained manually. A special tool will be
required.

The torques have been analyzed in detail and are
used on existing casks. Special tools will be
provided as part of the ancillary equipment.

36. Page 4-7, Sectijon 4.3.1: Second paragraph should be

deleted since "leaktight" is assumed.

RESPONSE:

NuPac will address this concern in final design
phase.

37. Page 4-9: It is stated that the package is a type B(U).
With a MNOP in excess of 100 psig, it can only be a B(M)
as stated in Section 1.1 ( see 10CFR71.4.)

RESPONSE: This is an error and will be corrected to B(M).
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Chapter 5.

38. A detailed analysis of the shielding calculations shows
many areas where it could be improved for accuracy:
however the results appear adequate for a preliminary
design since they are conservative. Details of the
detailed analysis are attached for further reference
(Attachment II).

RESPONSE: None required.

39. Page 5-1, Section 5.1: The analysis should include the
Loss of neutron shielding, either totally or at least
locally. Page 3-55 indicates that, in one thermal test,
the neutron attenuation factor was reduced by
approximately 35%. ( Some analysis should be done to
establish the post accident dose rate assuming the loss
of the neutron shield material.)

RESPONSE: Preliminary <calculations showed that normal
operational dose rates are bounding over the
accident case dose rates. Results for the accident
and post accident cases will be provided during
final design analysis.

40. Page 5-4, figqure 5.1-1:
a. Dose rates at the closure l1id are of concern for
operational assessment. Additional dose rate

values at both ends of the cask, normally occupied
by the operator, are needed.

RESPONSE: These dose rate values will be provided during the
final design analysis.

b. This figure does not make it clear where the "2
meter dose" is taken. Later (page 5-22), it
specifies that it is from the package. The
estimate used here may need to be made 2 meters
from the projected edge of the transporter.

RESPONSE: The "2 meter" shown in Figure 5.1-1, page 5-4, is
from the edge of the package. For the dose rate in
the radial direction, the 2 meter is taken from the
edge of the package. For the dose rates in the
axial directions, the 2 meter is taken from the
edge of the impact limiters for the cask top and
bottom ends. 8Since the transporter is longer and
wider than the package and also part of the package
is covered by the Sunshield/Personnel barrier, the
2 meter from the package surfaces gave conservative
dose rate results as compared to the 2 meter from
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the edge of the transporter case. Because th.
exact dimensions of the transporter were not
finalized at the time of the shielding analysis,
this conservative approach was selected.

c. Estimated dose rates are neither provided nor
discussed for the 1 meter post accident condition.
RESPONSE: See response #39.
d. No discussion of contribution from non-fuel
’ components.

RESPONSE: The contribution fro: non-fuel components will be
provided during final design analysis.

41. - ectio 0:

a. The package should be evaluated as a Fissile Class

I, rather that a Fissile Class III. Class III will
require transport configuration control, an’

theoretically could result in single cas
shipments. .

RESPONSE: Yes, the NuPac 140-B Cask could be likely
classified as a Fissile Class I Package. However,
additional criticality analyses must be performed
to reach this conclusion. But we will aim toward
this direction in our criticality safety analyses
for the final design.

b. Based on the results of Table 6.1-1], note 4 of the
Table, and the discussion of Section 6.3, it
appears that a Fissile Class I could be assigned,
if some additional work is done on arrays of
damaged casks.

RESPONSE: See response #41(a).

Cha 7

42. It must be recognized that the procedures that will
eventually appear in this section of the SAR wil
ultimately be the basis for part of the Certificate o
Compliance. Thus, the procedures need to be the best,
generic set that can be assembled. They will need close
scrutiny. They need to recognize that options exist that
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may be exercised on a plant- by-plant basis, and wherever
possible, these options need to be 1listed. The
procedures contained in the current document are not
adequate, steps are missing, steps are out of sequence,
optional steps are not shown, etc. The comments which
follow address only a few of TOPO's concerns in this
area.

RESPONSE: 8ection 7 is being rewritten for the PDR and will
include all comments shown. This section will have
two parts, one for the reactor and one for dA4ry
unloading into a Hot cCell.

43. Page 7-2, Section 7.1.1: This section is probably more

properly called: "Verification that the Spent Fuel
Assemblies to be Shipped Comply with the Conditions of
the Certificate.” This step (except for wvisual

inspection prior to loading) is expected to be done well
in advance of fuel loading.

RESPONSE: This concern will be addressed in rewrite of
Section 7.

44. Page 7-2, Section 7.1.2: 1In general, the steps in this
procedure vary widely in detail. It is noted that in

Step 7.1.2.1 The cask impact limiters are removed and
the cask is moved to the preparation area. The following
step (7.1.2.2), includes the activity: "Rotate the vent
port plug counterclockwise to unscrew the vent port

plug".
RESPONSE: This concern will be addressed in rewrite of
Section 7.
45. Step 7.1.2.1: Add "Open personnel barrier."
RESPONSE: This concern will be addressed in rewrite of
Section 7.

46. Step 7.1.2.3: The exterior of the cask should be surveyed
prior to washing the surface.

RESPONSE: This concern will be addressed in rewrite of

Section 7.
47. Step 7.1.2.4: This activity will cause an airborne

contamination problem and will not be allowed at loading
facilities unless it can be shown that there are very low
levels of internal contamination. The design of the cask
cavity and basket are not likely to result in low levels
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of internal contaminaticnz. Removal of the closure lid‘
after the cask is placed in the pool is an alterrative
that the procedure should allow. This would reduce
exposure of plant personnel to contamination and
radiation from the open cask cavity. This is a plant-
specific option and illustrates how the procedures need

to be flexible and show alternatives.

RESPONSE: This concern will be addressed in rewrite of
Section 7.

48. Step 7.1.2.4: The 1lid should be provided with a stand or
it should be required to be placed on blocks to avoid
damage and debris pickup.

RESPONSE: This concern will be addressed in rewrite of

Section 7.
49, Step 7.1.2.7: Has an "optional" sealing surface
protection device, and/or an "optional" contamination
control skirt been designed? Is there a means of

attaching these optional devices?

RESPONSE: This concern will be addressed in rewrite of

8ection 7. ‘

50. Step 7.1.2.11: What determines whether "new vwvacuum
grease" should be applied?

RESPONSE: This concern will be addressed in rewrite of
Section 7.

51. Step 7.1.1.12: The cask 1lid locking equipment is
mentioned here and on page 1-5; what is this equipment?

Where described? Should this equipment be removed after
step 7.1.2.147?

RESPONSE: This concern will be addressed in rewrite of
8ection 7.

52. S 7.1. ¢ The vent valve should be opened to permit
draining. No mention of the "1 cu. ft. of water"
requirement is made. How will this requirement be
satisfied? 1Is this accomplished by step 7.1.2.17?

RESPONSE: This concern will be addressed in rewrite of

S8ection 7. ‘
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53. Step 7.1.2.14: This torque can not be achieved manually.
Is a special tool designed to accomplish this? The tool
must brace against something that does not move. The
torquing sequence, as well as the number of passes to
achieve the final torque value must be specified. Page
C.2-7 indicates all bolts will be safety wired. This is
not shown in the procedure.

RESPONSE: This concern will be addressed in rewrite of
S8ection 7.

54, Step 7.1.2.17: This step should recognize that the length
of time that vacuum is applied is important.

RESPONSE: This concern will be addressed in rewrite of
S8ection 7.

55. Step 7.1.2.18: The thermal analysis uses ONLY nitrogen
(pages 3.9 and 3.18), so only nitrogen may be used unless
the thermal analysis (chapter 3) shows that the other
three gases are equivalent or better.

RESPONSE: This concern will be addressed in rewrite of
S8ection 7.

56. Step 7.1.2.19: The leak testing steps should not be
outside of the loading procedure. It should be in this
section.

RESPONSE: This concern will be addressed in rewrite of
Section 7.

57. Step 7.1.1.22: This torque could be difficult to achieve
on these bolts since the torque value is high, the bolts
will be hard to reach, and because the bolts are located
well inside of (40 inches) the limiter. A special tool
for this operation is required. The tool must consider
the torsional effects of the 40 inch reach to ensure that
the torque indicated on the tool is being applied to the
bolts. Considerations should be given to attachment of
the limiters to the side of the cask body rather than to
the ends of the cask body.

RESPONSE: This concern will be addressed in rewrite of
S8ection 7.

58. Page 7-7, section 7.2: This over-simplification is
simply unacceptable, especially since the OCRWM receiving
facilities are planned to be dry. A dry unloading
procedure is needed.
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RESPONSE: This concern will be addressed in rewrite o‘
Ssection 7.

59. Page 7.3: This over-simplification is unacceptable also.

RESPONSE: This concern will be addressed in rewrite of
Section 7.

60. Page 7.4-5 Section 7.4-2:

a. This section, as written, would prove to be
essentially incomprehensible to an in-plant user.
The reference to ANSI-N14.5 should not be made in a
way to infer the operator needs to have that
standard available. The procedures need =:=o be
clear, to use well defined terminology (e.g.,'"cask"
not "containment vessel"), and stand-alone. The
section needs to tell the operator how to perform
the tests and what results are expected.

RESPONSE: This concern will be addressed in rewrite of
Section 7.

b. What is the "gas pressure rise 1leak detectio
equipment."? In addition, no details of the
operation of the ports, or the fixtures (except the
drain) has been given. The operation and inter-
relationship of these fixtures needs to be
provided.

RESPONSE: This concern will be addressed in rewrite of
Section 7.

61. Page 7.4-5: It sounds as if the pressure rise 1leak
detection equipment comes complete from a single source
and doesn't have to be constructed from gauges, lines,
etc. Is this correct to the point that manufacturer!'
instructions will be supplied?

RESPONSE: This concern will be addressed in rewrite of
Section 7.

62. St 7.4. 7.4. +3: The device to be attached
to the vent port to perform this test could not be
identified. Does it replace the debris cover during the
test? Where is design shown?

RESPONSE: This concern will be addressed in rewrite of‘
Section 7.
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CHAPTER 8

63. Page 8-2: The maximum lift weight is 193,488 1lbs (see
comments on page 2.0-24). The value here must be
corrected

RESPONSE: NuPac will resolve this concern in the final design
phase. 8See response to comment number 15,

64. Page 8-4, Section 8.1.3.1:

a. The purpose of this test is not clear. It does not
seem possible that any meaningful results could be
obtained from the proposed test. There are too
many intervening welds and layers of materials.
How long would it take to conduct the proposed
test? How would the helium external atmosphere be
provided? This would require a 1large tight
envelope.

RESPONSE: This test is required by ANSI N14.5-1987, Section

6.3. Detailed procedures of how this test is
performed will be provided dQuring the final design
phase. '

b. This test will be affected by the integrity of
every penetration through the containment
simultaneously. It would seem preferable to test
the individual penetrations first (steps 8.1.3.2
through 8.1.3.5) and eliminate any leaks before
testing the total containment (in order to be able
to determine any leaks in a systematic manner).

RESPONSE: NuPac will address this concern in the final design
phase.
65. Page 8-13: Should there be a parallel neutron shield

inspection and installation acceptance test?

RESPONSE: Yes, there will be a neutron shield acceptance test
developed in the final design phase.

66. Page 8~-17, Section 8.1.5.2.10: No provision made for
lead expansion zone.

RESPONSE: This will be addressed during final design.

67. Page 8-18, Section 8.1.6: It is agreed that the thermal
analysis of Chapter 3 seems conservative. However, given
the high heat load of the cask (compared to the 125-B),
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and the complexity of the design, a thermal performance ‘
test would appear to be called for. The design of this
system relies on the use of copper fins and shells and on

the use of emissivity control paints to achieve the
analysis results. While this is primarily a licensing
issue, it is also operationally important to know how
conservative the analysis is ( ie. what are the expected
surface temperatures.)

RESPONSE: Nupac will consider this concern in the final
design phase.

68. Page 8.18, Section 8.1.7: This section does not require that any blackness
tests be done on samples of either the neutron shielding or the basket
poison. It seems reasonable that these tests must be done.

RESPONSE: Nupac will consider this concern in the final design phase. Such
tests will be performed by the material suppliers prior to acceptance
for use on the 140-B cask program.

69. Page 8-19, Section 8.2:

a. Are there any annual maintenance requirements for the basket(s), ‘
such as visual inspections?

RESPONSE: All welds will be examined during fabrication to verify integrity.
Annual maintenance and inspection requirements will be developed
in final design.

b. It is not clear why there is no annual pressure test of the cask cavity
required. What test verifies the continued structural integrity of
welds?

RESPONSE: The maintenance procedures and annual inspection requirements will
be described in detail in the final design phase. An annual pressure
test is not an NRC requirement.

c. Sections of documents that constitute an integral part of the test
procedure must not be incorporated by reference (such as A3.10.1
and " Section 5.4(3) of reference 8.3.1.4"). The tests that are to be
done should be described.

RESPONSE: These procedures will be described in detail in the final design
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It is not clear why the leak tests described in Section 8.2.2 are not
integrated. The testing of individual components includes the same
major steps- ie. We would go though a lot of helium if each step of
each test is performed sequentially.

RESPONSE: Where applicable these tests are integrated and will be described in

RESPONSE:

detail in the final design phase.

Is there some aspect of the cask design that precludes integration of
these tests?

No.

70. Page 8-26.Section 8.2.3.2: Does the narrative following the first sentence
describe "A sound industrial maintenance program...", or are some additional
maintenance steps suggested by the first sentence? Is a "sound industrial
maintenance program" appropriate for a safety related component?

RESPONSE: Will Change "A sound industrial maintenance program” to "An

Section B.1

inspection program..." Since there is no maintenance required on the
impact limiter itself.

71. Page B.1.6, Section B.1.1.1:

a

RESPONSE:

RESPONSE:

In step 2, What is the intent of "...and place it on a stand".

This will be changed. There is not a "Cask stand®.

In order to demonstrate that the lift fixture has been load tested, each
item in the load path must have a part and. serial number. As
"stirrups" are changed, it must be possible to verify that the stirrup to
be installed has a current load test.

The yoke will be redesigned in the final design phase to eliminate the
stirrup change out at the reactor.

It should not be the intent of the designer that stirrups would  be
changed out for each lift in a facility. The yoke should be able to
arrive at the site ready for use. The changing of stirrups could be
time consuming operationally.



RESPONSE: The yoke will be redesigned in the final design phase to eliminate

stirrup change out at the reactor.

d. It is not clear from the narrative what a "critical lift' is. (See top of

page B.1.8 for example). Is this the same thing as a redundant lift?

RESPONSE: No, a critical lift can be a redundant yoke (dual yoke using four cask

trunnions) or it can be a single yoke (using two cask trunnions) with
a 10 to 1 load factor on ultimate stress and a 6 to 1 load factor on
yield stress (see ANSI N14.6 or NUREG 06132).

e. What is used to remove the lid when the yoke is not used, as in step
7.1.2.4 of the loading procedure.

RESPONSE: Section 7 will be rewritten for the PDR and the step for lid removal

on the decon pad will be removed. Lid removal will be done
underwater or in Hot Cell except for routine maintenance at a Cask.
maintenance Facility or for repairs at a reactor.

f. The yoke should have a built in feature, or a stand, that will suppor’
the yoke in a vertical position so that it may be connected to the
station hook.

RESPONSE: Yoke stands will be provided as ancillary equipment in the final.

design phase.

g. The yoke should have provisions for lifting it in the horizontal position
(as when it is shipped) and rotating it in a controlled fashion to the
vertical position for attachment to the hook. The yoke should stand

- vertically for attachment to the hook, either independently or using
a stand.

RESPONSE: Th.eseptuvisionqwmbepmvidedinﬁwﬂnaldesiqnphase.

72.

Page B.1.46, Section B.1.3: It is noted that the uprighting fixture "... is not
carried on the railcar so that its substardal weight is not added to total
gross vehicle weight, but would be at the facility prior to the arrival of the
zask." Provision should be made on the railcar so that this, and other items,
can ride with the empty cask to the facility. Will the lifting yoke be used to
handle the uprighting fixture? ‘



RESPONSE: Ancillary equipments such as yokes, uprighting fixture, seal surface

73.

protector will be shipped LSA by exclusive use truck prior to the rail
cask arrival. The lifting yoke is not planned to be used for installing
uprighting fixture.

Page B.1.83. It is not clear how the personnel barrier is "locked" at the top.
Since the impact limiters are predicted to exceed 180 F (page 3.35) in
normal transport, a personnel barrier over the impact limiters will be
required.

RESPONSE: The personnel barrier is not "locked" at the top, but is secured in

74.

place by equipment near the lower part of the cask cradle. Tamper
resistant devices are also provided. Also, see response to comment
#20.

Page B.1.54, Section B.1.5:

The use of a "control system enclosure" has several operational problems.
One is that the drain/fill system must have a provision for ensuring that the
components of the drain/fill contain no water when shipped. Since the
internal system contained contaminated water, the internals are
contaminated. For shipping you must be able to say with some authority,
what the level of internal contamination is, and you must be able to say that
it will stay where itis. Hoses (except non-standard) should not be provided
because of the difficulties with estimating internal contamination for shipping
and with ensuring there is no water in them. If the use of non-standard
hoses can not be avoided, then the possibility of discarding the hose after
the use is and option. The inclusion of a vacuum pump must be carefully
considered. If the pump is of the reciprocating type that can mix the
evacuated gas with the compressor oil, then it cannot be used. These
pumps create a mixed waste (radiologically contaminated oil) that can not
be disposed of. It is suggested that the use of the control enclosure be
reconsidered in favor of individual systems.

RESPONSE: The systems for filling, draining, inserting and vacuum drying will be

15.

revised in the final design phase. It is our plan to use separate
systems for each task.

Page B.1.58; Simple scaling of this drawing and drawing 2111-201 sheet 12
indicates:

a. The thread on the tool tightening collar is too short to clear the inset
of the female thread in the cask body; and the tightening collar is too
large in diameter to clear the floor with the cask sitting flat on the
flocr.

RESPONSE: This condition will be changed in the final design phase.
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76. Page b.1.7-17, Section b.1.7.8:

a. It should be noted that these bolts will take the weight of the yoke
and crane gear if someone forgets they are screwed into the lid. In
addition, the lid could be lifted from a loaded cask if the bolts are not
completely disengaged. All aspects of the use of this feature should
be reviewed. Are these bolts needed to achieve lid alignment?

RESPONSE: The design and method of use will be reviewed during the final
design phase.

77.  Section B-3, page number 1: The maximum internal pressure is stated to be |
318 psia. Other sections indicate this value is 351 psig (i.e., 365 psia). The
seals must be teste~ o the maximum value plus some conservatism.

RESPONSE: The structural integrity of the cask body will be verified by test
during fabrication. The test requirements will be developed based
upon the calculated maximum internal pressure, which is expected
to be less than 318 psia. In addition, the seals will be tested annually
and prior to each shipment.

78. Section C.1.0: Because so much of the cask system is not defined in the
PDR, it is difficult to assess the time shown here. In addition, because of the
many comments on the operating procedures themselves, it was not
deemed productive to devote resources to such an assessment at this time.

RESPONSE: Section C.1 has been rewritten to include IF-300 field experience.
Estimates of Hot Cell operations have also been included.

79. Page C.2-7, Section C.2.3: 49 CFR 173.393 limits should read 49 CFR 173.441
and the limit of 10mr/hr is not 6 feet but 2 meters.

RESPONSE: All references to Title 49 will be verified and corrected as
appropriate.
- 80. Page C.2-7. The citation of 49 CFR 173.393 is obsolete. The dose rate is
now specified in 173.441 and in the case of a "flat-bed style vehicle" (which
the railcar is) is specified at 2 meters from the outer edges of the vehicle.

RESPONSE: All references to Title 49 will be verified and corrected as
appropriate.

DRAWINGS
8l. There is no detailed drawing of the lid. ‘ ‘

RESPONSE: Nupac will add detailed drawings of the lid in the final design phase.
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82. There were no drawings of the yoke assembly, and only a limited number
of dimensions are given.

RESPONSE:

NuPac will provide drawings of the Yoke assembly in the final design
phase.

83. Drawing 2111-003, sheet 1 of 1: Consideration should be given to extending
the personnel barrier to cover the impact limiters. (Note that per the
comments on the thermal analysis, temperature conditions may require that
the limiters be covered.) The advantage of this is that the cask system has
the appearance of being isolated form the environment, and the impact
limiters as well as the cask are protected from the environment and from
incidental damage.

RESPONSE:

A need to cover the impact limiters with the personnel barrier is not
anticipated. Should the cask break away from the rail car, the impact
limiters and the cask cradle remain with the cask body. This will be
addressed in final design. See response to comment #20.

84. Drawing 2111-201 Sheet 3 of 12:

a.

RESPONSE:

RESPONSE:

No method of draining the water from the closure lid/cask annulus
could be found. Provisions must also be made for draining the 32
closure bolt holes.

The closure lid/cask annulus are filled with borated silicone and
therefore do not need to drained. Provisions for draining closure bolt
holes will be addressed in the final design phase.

There is a channel cut in the lid between diameters 50 inches.
Removing water from this channel will require blotting.

This channel will be flushed during cask wash down and
decontamination. Tlean water which remains can be removed with
blotters or air hoses.

Guide pins should be in one to two lengths - long, and very long, and
should be designed to engage a slot rather than a hole. Specifically,
the 11.5 inch pin (Detail C) should be longer to facilitate lid
alignment. Once the lid is close to the cask, short guide pins cannot
be seen by the operator. In this design the operator will be trying to

hit a hole that is Only 3/4 inch from the containment O-rings. Unless
the alignment bolts attached between the lid and yoke can retain the
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necessary alignment, then one guide pin should be very long
so that it can be engaged from the side (slot in lid), to begin
centering the lid before the opposite side pin is engaged.

RESPONSE: NuPac will address this comment in the final design phase.

d. Are "shipping bolts" inserted in the positions occupied by the guide
pins during transport? The guide pin arrangement is not clear.

RESPONSE: The guide pins will probably be inserted in lid closure bolt holes
during lid removal/installation. The guide pins will be removed and
replaced with head closure bolts prior to head bolt torquing. Actual
configuration will be determined during final design.

e. A contamination barrier must be provided between the top impact
limiter and the annulus around the closure lid. This annulus will be
contaminated and may contain residual amounts of water. The
contamination and water should be prevented from reaching the
limiter. The method used to form the barrier could include a seal in
the annulus, a sheet seal that bolts to the lid or cask flange or similar
feature. (The barrier should not remain with the limiter.) ‘

RESPONSE: This cormment will be considered in the final design phase. See
response to comment 84.b.

85. Drawin 1-201, Sheet 7 of 12:

a. The hole in the center of the trunnions will be difficult to remove
water from and to decontaminate because of its size compared to the
size of a hand. The bolts can be expected to leak pool water for
some time after removal from the pool. The ability to drain and
decon these areas should be considered (for example, the trunnion
"hole" could be machined so that the diameter at the bolt circle is 3.5
inches, but the diameter decreases smoothly to only 3.25 inches at
the interior end. this would force water to drain during lifting.
Alternately, the hole could be eliminated.)

RESPONSE: NuPac will include a seal cap in the final design phase.
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RESPONSE:

RESPONSE:

The "flats" on the handling (upper) trunnion provide a pathway by
which the yoke could "walk off' of the trunnion during rotation. The
lip should be extended full circle. With the yoke oriented in any
other orientation than the "mate up" orientation, it is not clear how the
yoke would then be removed. Further yoke details are needed.

NuPac will consider this comment during the final design phase.

If the bottom and top trunnions are uniquely different, then the bolt
holes should be different (or bolt sizes could be different) to
preclude installation of the trunnions at the wrong locations.

Nupac will address this comment in the final design phase.

86. Drawing 2111-201, Sheet 8 of 12: The guide pin appears to be too close to
the o-rings, it could either unseat them or cause damage.

RESPONSE:

NuPac will consider this comment in the final design phase.

87. Drawing 2111-201, Sheet 9 of 12:

a.

RESPONSE:

RESPONSE:

The operation of the o-ring pressure test port could not be
determined from the drawing, or from the description given in Section
1.4.2.

NuPac will describe this operation in detain and look at alternate
designs in the final design phase.

The complexity of the test should be considered from a maintenance
and use point of view. The opening is too small for any hands on
work. Is it intended that the whole piece be installed as a unit?

The unit is installed as one assembly. This will be addressed in
detail in the final design phase.

It is noted in passing that vacuum systems have a tendency to leak
at connectors. Frequently, it takes more time to find and fix leaks
than it does to complete the testing. Pressure testing should be
considered. :
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RESPONSE: NuPac is considering the use of pressure testing instead of the stated
vacuum tests. This will be decided in the final design phase

d. The vent and drain port test "fixtures" should consider the connection
to plant systems at the user facility. Exotic connectors must be
avoided.

RESPONSE: Nupac will consider this comment in the final design phase.

88. Drawing 2111-201, sheets 9, 10 and 11: The design of the inside portion of
the lid does not match that shown in drawing 2111- ', sheet 3, where the

lid is shown as having a step reduction in the thickr- - which is filled with
Boro Silicone and covered with stainless steel. She: . 9 10 and 11 do not
show this step to accommodate the neutron shielding material.

RESPONSE: The borated silicone step does not occur beneath the ports. This will
be clarified on the final design drawings.

89. Drawing 2111-201, sheets 9 and 11: The section of the lid behind the test
port (sheet 9) shows a lead shielding wafer whereas the section of the lid
behind the vent port (sheet 11) does not show such a shielding wafer Since
the depth of penetration of the two devices is approximately the same, it
would appear that if a shielding wafer is required for one, it is required for
the other.

RESPONSE: NuPac will consider this comment in the final design phase.

90. Drawing 2111-20]1, Sheet 10 of 12: The need for the rupture disc assembly
should be reviewed. The assumption of "up to 1 cubic foot of water" left in
the cask that can turmn to steam is a hold over from the If-300. This
consideration should be deleted in light of vacuum drying (Step 7.1.2.17,
page 7-5). The inclusion of rupture disc adds complexity, and once
operated, vents the cask cavity continuously, this is not going to be
acceptable. See comments at chapter 3.

RESPONSE: NuPac will consider this comment in the final design phase.
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91. Drawing 2111-201, Sheet 11 of 12:

a. .

The operation of the vent valve could not be determined from the
drawing or from the text. The vent valve must be designed so that
it is serviceable as a unit, since there is not enough space for manual
maintenance.

RESPONSE: Design of the vent valve will be reviewed further in the final

RESPONSE:

RESPONSE:

RESPONSE:

design phase and include detailed operating descriptions.

NOTE: All cask penetrations are being examined such that all
valving will occur exterior to the cask body.

The vent line is considered small, and should be increased to at least
.15 inch for this size cask. One half inch is too small to allow efficient
recirculation of water or liquid decontaminants when the need will
arise. The method of leak testing this valve could not be determined.

NuPac will address this comment in the final design phase.

It is not clear how the "Hydrophobic filter" could be serviced or
maintained. It is not clear what the purpose of the Hydrophobic
Filter is since it will be underwater during head replacement and will
likely only slow flow during cask venting and flushing operations.

NuPac is considering removal of all Hydrophobic Filters in final
design.
The complexity of the test should be considered from a maintenance

and use point of view.

NuPac will address this comment in detail in the final design.

92. Drawing 2111-20], Sheet 12 of 12:

a.

The operation of the drain valve could not be determined from the
drawing or from the text. An important issue is the size of the drain
line from the drilled line (1.5 inches?) to the outside. The line
appears to be only 0.5 inches. If so, then draining will be inhibited.
This line should be at least .75 inches for this size cask. Two drain
lines could be considered to reduce the time needed to drain the
cask - If the valve is easy to operate and easy to leak test. The
method of leak testing the valve could not be determined. It is
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RESPONSE:

RESPONSE:

likely that the drain adapter will contact the floor during installation
attempts. The "snap-tite" must point down to prevent creation of a
water seal.

These comments will be addressed in the final design phase.

If only one drain valve is used, then it should be on the "top" of the
cask when the cask is on the railcar in the transport configuration.
This would assist in minimizing crud buildup in the valve area.

Nupac will consider this comment in the final design phase

93. Drawing 2111-201, Sheet 12:

a.

RESPONSE:

RESPONSE:

It is suggested that the lid of the penetration in the cask body which
the drain plug barrel seal contacts for sealing should be chamfered.
Otherwise, if it is square shouldered as shown, the o -ring could
quickly wear or tear upon opening and closing the plug.

Agree, NuPac will address this in the final design phase.

The lid test port and vent port covers are indicated to 3-4UNC-2A
while the drain cover is 3-2UNC-2B. All 3 should be the same in
order to minimize the number of adapters required to fit the leak
testing equipment.

NuPac will consider this comment in the final design phase

94. Drawing 2111-202, Sheets 3 and 4: The dimensions in Section A-A (sheet 3)

of 771.9 and 79.7 are not consistent with the dimensions of the slope on this
section provided in Detail H (sheet 4). If one takes the inner dimensions of
71.9 to be correct, and adds the increase in radius of 0.66 (taken twice for
increase in diameter) the larger diameter in Section A-A appears to be 79.2
rather than 79.7. The problem may be that Section A-A is too small to
accurately determine the locations to which the leaders point.

RESPONSE:

Agree, NuPac will correct the drawings.
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95. Drawing 2111-203, Sheet 1 of 4:

a.

RESPONSE:

RESPONSE:

RESPONSE:

RESPONSE:

RESPONSE:

It is noted that the bolt holes are approximately 40 inches deep. A
special tool will be required to reach this far into a limiter and start
a bolt. The torsional effects of the tool must be considered in
application of the torque to the bolts. External attachment of the
limiter to the cask body should be considered.

NuPac will address this comment in the final design phase.

There are no details of the equipment intended to allow the limiters
to be slid off of the cask. These carts should be sufficiently sturdy to
provide the "stand" for the limiters during periods of non-use, and to
allow for movement of the railcar with the limiter on the cart as will
(usually) be required in cask rotation to vertical.

Agree, details will be provided in the final design phase.

Lift points must be provided for the limiters to allow handling for
replacement, or for removal from the car for cask handling at certain
facilities. :

Lift points are provided (see zone C.4,8 sheet 2). Further details to
be provided in the final design phase.

There are foam installation ports around the outer area of the limiter,
but none in the inner area (or are not shown). Is this correct?

Yes, based on previous experience the locations provide for
complete foam filling of impact limiters.

Provisions for leak testing the impact limiters should be considered.
Can the foam installation ports be used for testing?

The heavy flat flanges (see zone B-8) sheet 2) used for the fire
consumable plugs can also be used for leak testing, should this be

required.
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86. Drawing 2111-210, Sheet 2 of 4 (and others):

a.

RESPONSE:

RESPONSE:

RESPONSE:

RESPONSE:

RESPONSE:

As noted in the narrative of Chapter 1, some attention must be given
to decontamination of the basket, which at first blush does not appear

_ possible.

NuPac will address this comment in the final design

Both fuel baskets are only 168 inches long, but the cavity is 180.5
inches. Some feature is required to ensure that the baskets do not
slide in the cavity.

The baskst does not extend the full length to allow for grappling of
the fuel assemblies. The outer shell of the basket is approximately
178.8 inches long which will prevent longitudinal movement of the
basket while it is in the cask cavity.

Information on spacers for fuel of differing lengths was not found
either in the drawings or text. Would spacers go in the bottom of the
basket for short fuel, or would the basket be removed and a large,
disk-shaped, spacer be used to move the basket closer to the top of
the cask? '

NuPac recognizes that due to the varying lengths of fuel assemblies,
individual spacers located in the bottom of the full basket will be
required. Fuel spacers may also be attached to the cask lid.

There does not appear to be any feature to keep the baskets from
rotating inside of the cask. For ease of handling in a facility the
basket should remain "square" with the trunnions.

NuPac agrees. This locking feature to prevent rotation will be
detailed in the final design phase.
The basket lift details are not specifically shown.

Basket lift locations are shown (see Dwg 2111-210 sht 2 plan view,
ﬂagNth)m&tdataﬂeddamqnandﬁfhngﬁxtmatobeshcwnmme
final design phase.
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RESPONSE:

RESPONSE:

RESPONSE:

.The basket bottom appears to sit essentially flat on the floor of the

cask cavity. This will lead to poor draining since the water will not
flow freely from the basket.

The bottom of the basket cell walls does not rest on the bottom of
the cask cavity. The outer shell of the basket rests on the cask
bottom. There is space between the bottom of the fuel cell panels
and the bottom of the basket outer shell to allow drainage. The
bottom of the basket outer shell will be slotted as well.

The openings in the basket should have as generous a sloping lead-
in as possible to reduce damage to the top of the separators as much
as possible.

Agree, this comment will be considered in the final design phase.
Experience with lead-in angles on high density fuel storage racks
indicates our design has adequate lead-in.

The bottoms of the fuel cells should allow water to flow between

cells to maximize flow between cells which in turn would maximize
self draining and the flushing of crud from the cell.

This comment will be considered in the final design phase.

97. Drawing 2111-210, sheet 4; The built up cruciformm will provide several
sharp surfaces that will wear quickly from shock vibration during transport
(sharp cormners fitted into a circular hole). This wear could generate
additional contaminated waste that might be avoided by using a rounded
end on the cruciform shape. Also, sealing the ends of the cruciform
openings should be considered.

RESPONSE:

NuPac will address this comment in the final design phase No sharp
surfaces will be allowed in final design
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1.0

GRC' NUMBER THREE
COMM.™ ~TS AND RESPONSES
REVIE “"ER: KB.SORENSON,
SANDIA NATIONAL LABORATORIES

MATERIAL AND FABRICABILITY

General Comments:

1.

1.1.1 The materials used in the NuPac 140-B are, in general, common to the

.cask industry and have been qualified for use in specific cask component

applications. The primary structural material is SA-240, Type XM-19 (piate)
and SA-182, Type XM-19 (forging). This material is included in the .  IE
Boiler and Pressure Vessel Code, Section III as a Class I material. Adc, .on
as a Class I material in Section III will facilitate the certification process. For
these two materials, it is recommended that they be referenced by the
ASME "SA" designation and not by the equivalent ASTM "A" designation.

RESPONSE: ASME designations will be used in the final design phase.

2.

1.1.2 The gamma shield (lead) and neutron shield (boro silicon) have both
been certified for shielding in transport casks and should not represent any
significant certification issues in this design.

RESPONSE: Agree

1.1.3 The lid bolts are SA-320, Type L43 and are included in ASME, Sec. III
as a Class I material. The bolts are Cadmium plated to prevent corrosion
and galling. The preliminary design does state that the material should
exhibit a Charpy impact value of 20 Ft.-lbs. at -150 F. In order to achieve
this value, limits may need to be placed on phosphorous and sulphur which
are more restrictive than the limits in the specification or in the AISI 4340
specification. Also, impact performance is very dependent on heat treatment
and the heat treatment must be specified in order to achieve the stated
impact properties. SA-320 is not specific in the type of hear treatment
required for the L43 grade.

RESPONSE: Based on past experience the Type 1.43 bolt material can be

procured with the required Charpy impact values required for this
licati
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1.1.4 The fracture toughness discussion on the bolts is inadequate. While
it is recognized that brittle fracture is a remote possibility, if a discussion is
included, it should address current regulatory philosophy. The equation K-
(SE(CVN))**0.5 is valid for the lower shelf only and for a select class of
ferritic steels. A more appropriate approach would be to measure the
nilductility (NDT) temperature directly and compare it with the U.S. NRC
draft Regulatory Guides for brittle fracture acceptance criteria. Further, if
brittle fracture is addressed, the trunnion material, 17-4 PH (a martensitic
stainless steel) and the trunnion bolts, SB-637, UNS N07718, should also be
included in the analysis.

RESPONSE: It is felt that the fracture toughness of the bolts does not warrant a

major discussion since they provide multiple redundancy. NuPac will
further address this comment in the final design phase.

1.1.5 The lid bolt specification, SA-320, is designated for low temperature
service whereas the trunnion bolt specification, SB-637, is designated for
high temperature service. Some discussion regarding the selection of
particular specifications may be appropriate.

RESPONSE: This comment will be considered during final design.

1.1.6 From the preliminary drawings, it is not clear how the lead will fill the
space in the 16.5" top forging once the forging is welded to the cask walls.

RESPONSE: In the final design phase NuPac will provide detailed dwgs showing

vent and fill lines required for the lead pouring process.

1.1.7 Both the PWR and BWR basket designs are fairly complex from a
fabrication standpoint. It would be helpful in the next phase to discuss the
fabrication processes in terms of bonding strength and repeatability of the
process.

RESPONSE: Agree, NuPac will provide this information in the final design phase.

Preliminary discussions with potential basket fabricators indicate that
fabrication will not be difficult.
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8. 1.1.8 The poiscn material in both the PWR (copper with enriched be:
baskets is not specification material. What controls are provided to ensure
that a consistent quality of material will be provided? There is a new ASTM
specification, A-887, which covers borated stainless steel.

RESPONSE: All neutron absorbing material will be verified as being acceptable
to the NRC prior to use. Several materials previously used which are
acceptable to the NRC are under consideration.

9. 1.1.9 The selected materials exposed to the environment have a good
corrosion resistance and the compatibility of the materials is such that
galvanic reactions should be negligible.

RESPONSE: Agree.

1.2 Specific Comments

2.0

10. 1.2.1 Sheet 3 of the impact limiter drawings; XM-19 is referred to as Type
304 stainless steel.

RESPONSE: Ths drawing will be corrected to delete reference to type 304.

11. 1.2.2 Sheet 7 of the cask body drawings; the trunnions are called out as A-
182, Type XM-19. The structural section, page 2.5.1-2 specifies the trunnion
material as SA-564, Type 630 (17-4 PH).

RESPONSE: The drawing will be corrected to agree with the text.
Structural

2.1 General Comments

12. 2.1.1 The buckling analysis for the two baskets has not been performed yet.
This analysis shouiz pe performed as soon as possible since it is a critical
evaluation due to the basket design. The assumed frictionless pinned
connections for the basket webs result in boundary conditions which
enhance the potential for buckling.

RESPONSE: Basket structural analysis Section 2.6.8 and 2.7.7 have been revised
to include buckling.
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2.2

13. 2.1.2 it is not clear if structural credit is being taken for the basket poison
material (borated stainless steel and copper). If not, how are the shear
loads transferred in the sandwich design from one structural member,
across the poison material, to the other structural member? If the materials
are being used as structural members, then mechanical properties should
be characterized and ASTI, ASME materials should be used where possible.

RESPONSE: Structural credit is not being taken for basket poison material, nor do

shear loads pass through the poison material.

Specific Comments

14. 2.2.1 Page 2.0-31, Table 2.3-1; include SA-182 in the table.

RESPONSE: Section 2.0 has been revised to include this comment.

15. 2.2.2 Page 2.5.2-14; The buckling evaluation for the tie down stiffeners is
incorrect. The terms in the equation for calculating the critical stress result
in units of lbs., not psi. Also, the buckling evaluation of a plate should
include a Poisson’s Ratio Effect.

RESPONSE: Section 2.0 had been revised and corrected per this comment.

16. 2.2.3 Page 2.6.8; the table shown is incomplete. Locations P7-P10 are not
shown in the table as described in the test.

RESPONSE: Typographical error. P7-P10 should have been P8 & P8. Section 2.0

has been revised.

17.  2.2.4 Page 2.6-21; table 2.3-5 referenced on this page does not exist.

RESPONSE: Section 2.0 has been revised to include Figure 2.3-3.

18. 2.2.5 Page 2.6-20; lead properties are referenced back to TABLE 2.4-1, but

are not included in the table.

RESPONSE: Section 2.0 has been revised to include lead properties in table 2.3-1.
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19. 2.2.6 Page 2.6-18; Fig. 2.3-8 referenced on this page does not exit.
RESPONSE: Section 2.0 has been revised to include the appropriate figure, which
is Figure 2.3-8.

20.  2.2.7 Page 2.6-75; the bending analysis assumes shear transfer through the
lead to calculate stresses on the inner shell.

RESPONSE: Stresses in the lead will be considered during final design.

2l. 2.2.8 Page 2.7-19; the lead slump data is incorrectly referenced to Table
26.7.1-6

RESPONSE: Section 2.0 has been revised to reference Table 2.6.7.1-8

22. 2.2.9 Page 2.7-54; the equivalent thickness calculations for the puncture
evaluation should be based on the ratio of the Moduli of Elasticity for the
two materials, not on the ratio of the tensile strengths.

RESPONSE: Tensile strengths were utilized because all three simi-empirical

puncture equations utilized this material property. Testing has been
recommended to verify the calculations.

23. 22.10 Page 2.6-99; referenced Fig. 2.6.8-6 is labeled as Fig. 2.6.8-7.
Subsequent figure numbers should also be changed.

RESPONSE: Section 2.0 has been corrected to reference correct figures.

24. 22.11 The payload basket stress analysis section 2.7.7 does not exist.

RESPONSE: Section 2.0 has been revised to include Section 2.7.7.
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3.0

Conclusions

25. 3.1 The selected materials, in general, have precedence for application in
transport cask construction. From a materials qualification standpoint, there
should be no "show-stopper" issues. Clarification should be made on the
role of the poison material in the basket web in both the PWR and the BWR
baskets. If the material does transfer load, it should be characterized and
nationally recognized material specifications should be used when possible.

RESPONSE: The poison material in the baskets is not utilized to transfer load.

28. 3.2 The buckling analysis for the baskets should be made in the near-term.
Results of the analyses could have programmatic impact concerning the
design of the baskets.

RESPONSE: Section 2.0 has been revised to include the basket buckling analysis.
Other considerations, such as static equilibrium, will be evaluated
during the final design phase.
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6.0

6.1

GROUP NUMBER FOUR COMMENTS AND RESPONSES
REVIEWER: CM HOPPER,
OAK RIDGE NATIONAL LABORATORY

CRITICALITY EVALUATION
1. PARA 1-

a. The statement that "the NuPac 140-B cask complies with the
requirements of 10 CFR 71.56 and 71.61 for a Fissile Class I
Package for the contents described in Section 6.2" requires further
support as acknowle ~yed within the PDR and identified within these
comments.

RES>ONSE: Yes, the NuPac 140-B Cask could be likely classified as a Fissile
Class I Package. However, additional criticality analyses must be
performed to reach this conclusion. We will aim toward this direction
in our criticality safety analyses for the final design.

b. It would appear that the cask would likely qualify as a Fissile Class
I Package as determined by nuclear criticality analyses. It is
suggested that the designer consider completion of the analyses to
demonstrate the nuclear criticality safety qualification of the cask to
be a Fissile Class I Package. The classification of the cask as a
Fissile Class IIl package would then be determined for legitimate 10
CFR 71 reasons of package content/handling /transport or radiation
indexes.

RESPONSE: This will be addressed in final design.

Discussion and Results

2. Para 1- Most of this section deals with the primary issue of concem, i.e., the
interchangeable poison baskets. Little is said about the cask body or its
influence on reactivity.

RESPONSE: Detail description of the cask body, as stated in the second sentence,
can be found in Section 1.2. The study of the influence on reactivity
of the cask body is not needed since there is only one design of the
cask body.
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6.2

3. Para 4-

a. Says "the maximum k-eff is 0.887 for an infinite array of casks with 52
BWR fuel assemblies". This agrees with Para 2 of "6.4.3.2 Criticality
Results for BWR Fuel", which immediately follows "TABLE 6.4-2 BWR
KENO Calculations Summary”, and states that the "system reactivity
was calculated to be 0.88706 including all calculational uncertainties
at a 95 % confidence level'. TABLE 6.4-2 states that KENO Model
Case 3 is a Finite Array Type with a Calculated K equal to 0.85231
but Para 4 of the referenced section "6.3.1.2 Models Used for BWR
Fuel Assemblies in the Cask" states that the third model is an infinite
array as does the last sentence of Para 1 in "6.3.1 Description of the
Calculational Model".

RESPONSE: All inconsistencies had been corrected to reflect "the maximum k., is
0.887 for an infinite array of casks with 82 BWR fuel assemblies"”.

b. Sentence 3 may be a true statement but obtaining regulator
concurrence in accepting "Minimum Burnup (case 2) " of "TABLE 6.2-
2 Design Characteristics for Westinghouse PWR Fuel" will be a trick
even if benchmark experiments with spent fuel are available.

RESPONSE: We believe sentence 3 is a true statement, therefore no text

Package Fuel Loading.

4, Para ] - Sentence 3 expectations should be supported with reference to
documents, other studies, or studies presented in the SARP,

RESPONSE: Ciriticality safety analyses for consolidated fuel option will be
analyzed in the final design to confirm our claims.

5. Para 2 - Some effort should be made to demonstrate/verify the thesis of
section 6.4.2 referenced in the last sentence. Such a demonstration or
verification would provide a basis for "TABLE 6.2.-1 Fuel Assemblies
Acceptable for Transport in the NuPac 140-B Cask".

RESPONSE: As cited in Section 6.4.2 "Fuel Loading or Other Contents Loading
Optimization", many previous works and published data support our
claims that Westinghouse 18x18 and General Electric 8x8R are the
most reactive PWR fuel and BWR fuel among the fuel assemblies
considered, respectively. At this preliminary stage, we feel that our
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evaluations are prudent and are based upon technical judgement
and experience.

6.3.1 Description of the Calculational Model.

6. Para 1- An array of two (or more) undamaged NuPac 140-B Casks with PWR
fuel should be demonstrated to be safely subcritical.

RESPONSE: As stated in Section 6.1, k, calculations of an array of two
undamaged NuPac 140-B Casks with PWR fuel assemblies will be
performed in the final design.

1. Para 5- The last sentence requires some supportive information, considering
the cask/basket environment.

RESPONSE: Reference to NUREG-0612 "Control of Heavy Loads at Nuclear Power
Plants" has been added to the PDR to support the last sentence.

6.3.1.]1 Models Used for PWR Fuel Assemblies in the Cask.

8. Para 1- The first sentence presumes safety from nuclear criticality by
ensuring a K-eff less than 0.95. Nuclear criticality safety is not ensured by
having calculated k-eff less than 0.95. Consider restating the first sentence
to say something like; The NuPac 140-B Cask with a basket for 21 PWR fuel
assemblies was designed to maintain a calculated k-eff plus biases and
uncertainties to be less than 0.95. This statement would be consistent with
the content of section "6.1 Discussion and Results".

Reference to "a hollow copper tube (was) modeled in the center of each
cruciform" causes some concerns. If this information is pertinent to the
safety analysis or some intermediate results leading to the end results then
state how so, otherwise remove such references.

RESPONSE: Comments have been incorporated into the PDR.

9. Para 2- There needs to be a better correlation and identification of
materials/dimensions between FIGURE 6.3-1 and TABLE 6.3-1.

Improve FIGURE 6.3-1 (or provide other figures) to give fuel assemble
details similar to FIGURES 6.3-7 and 6.3-8.

RESPONSE: Figure 6.3-3A has been added to the PDR to show the PWR fuel ‘
assembly dimensions.
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10.

Para 3- Second sentence makes no sense. Remove it or fix first sentence
parenthetic values. Sixth sentence makes reference to a hollow copper tube
in a cruciform that is not shown in Appendix 1.4 or FIGURE 6.3-1 or
referenced in TABLE 6.3-1. If calculations assumed copper tubing which is
not actually a part of the cask, then conservatism of the model should be
demonstrated.

RESPONSE: The second sentence has been removed from the text. In the sixth

11,

sentence, the word "copper' has been removed from the phase
‘hollow copper tube in the cruciform”. Currently, the stainless steel
cruciform still has a "hollow tube" to be filled with water in the KENO-
IV model.

Para 4- The technique of modeling for maximum neutron return to the basket
will likely misrepresent neutron interaction within an array of casks.
Consider evaluating systems at both extremes.

RESPONSE: This technique of modeling is only conservative for a single cask

12.

model, which was the case being considered. See the response to
question 41.a, Group 1.

Para 6- The cuboidal representation of the "Quarter Cask Model"
significantly offsets the cask, as a reflector, from the basket of fuel
assemblies. For instance, as per Appendix 1.4 the inner stainless steel and
lead liners (total thickness about 6.125 inches) are offset from the basket of
fuel assemblies by no more than about 0.25 inch whereas the cuboidal
minimum of 0.25 inch and a maximum of more than 12.06 inches from the
basket of fuel assemblies. Additionally, the cuboidal model offers a much
larger volume (about 27% more) of neutron absorbing cask materials than
is really encountered in the cask design, thereby reducing neutron
interaction within arrays. Demonstrate the conservatism of the modeling
technique for both single and multiple package analyses.

Additionally, there is a need to evaluate off centered fuel assemblies,
fabrication tolerances, and manufacturing tolerances on the poison materials.
This should be completed.

RESPONSE: For a single cask model, we expect that there would be very little

differences between the existing KENO model (square cask) and the
actual model (round cask). In the final design, we will model the
cask as closely as possible to its actual configration. Likewise,
uncertainty evaluations of the k, due to off centered fuel assemblies,
fabrication tolerances, and manufacturing tolerances on the poison
materials will be considered in the final design.
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6.3.1.2

13.

Models Used for BWR Fuel Assemblies in the Cask.

Para 1- The first sentence presumes safety from nuclear criticality by
ensuring a k-eff less than 0.95. Nuclear criticality safety is not ensured by
having calculated k-eff less than 0.95. Consider restating the first sentence
to say something like; The NuPac 140-B Cask with a basket for 52 BWR fuel
assemblies was designed to maintain a calculated k-eff plus biases and
uncertainties to be less than 0.95. This statement would be consistent with
he content of section "6.1 Discussion and Results".

RESPONSE: Comments have been incorporated into the PDR.

14,

Para 6- There is an implied promise to evaluate off centered fuel
assemblies, fabrication tolerances, and manufacturing tolerances on the
poison materials. This should be completed

RESPONSE: See response #1232

6.3.1.2.3 Array of Casks with BWR Fuel Assembles.

8.3.2.1

18.

Para 2- The cuboidal representation of the "Quarter Cask Model"
significantly offsets the cask, as a reflector, from the basket of fuel
assemblies. For instance, as per Appendix 1.4 the inner stainless steel and
lead liners (total thickness about 6.125 inches) are offset from the basket of
fuel assemblies by no more than about 0.25 inch whereas the cuboidal
model (unless loaded with 64 fuel assemblies) places the cask at a minimum
of 0.25 inch and a maximum of more than 12.06 inches from the much larger
volume (about 27% more) of neutron absorbing cask materials than is really
encountered in the cask design, thereby reducing neutron interaction within
arrays. Demonstrate the conservatism of the modeling technique for both
single and multiple package analyses.

RESPONSE: See response #1232

16.

Package Regional Densities for the PWR Basket and Fuel Assemblies.

Para 1- Provide material densities and documenting references for all
mixtures presented in TABLE 6.3-3.

RESPONSE: Material densities of these mixtures are calculated and

documented in our calculation packages which are available fo
review upon request.
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17. Para 2- Provide material densities and documenting references for all
mixtures presented in TABLE 6.3-4

RESPONSE: See response #168

6.3.2.2 Package Regional Densities for the BWR Basket and Fuel Assembles.

18. Para 1- Provide material densities and documenting references for all
mixtures presented in TABLE 6.3-5.

RESPONSE: See response #16

19. Para 2- Provide material densities and documenting references for all
mixtures presented in TABLE 6.3-6.

RESPONSE: See response #16

20. Para 3- Provide material densities and documenting references for all
mixtures presented in TABLE 6.3-7.

RESPONSE: See response #16
6.4.1 Calculational or Experimental Method

2l. Para 1- GENERAL COMMENTS- Sections 6.4.1.1 and 6.4.1.2 need to be
reorganized to place the common information as to source of codes and
cross sections and their use and processing and references into this section.

Provide assurances that the base computer hardware and systems, codes
performances and cross sections data did not change during the evaluation
of benchmarks and cask analyses. This might be done by processing a
specific representative calculation on the computer used before, during and
after the benchmark validation and safety analysis evaluations.

RESPONSE: Sections 6.4.1.1 and 6.4.1.2 have been combined as section 6.4.1
*Calculational Method". The computer system has had quality
checks performed on it, and the method which demonstrates the
adequacy of these checks will be described in the final design phase.

6.4.1.1 Calculational Method for PWR Fuel.

22.  Para2- Input decks provided in Appendix 6.6.2 are too incomplete to permit
verification of input data. Provide complete input listing of base cases.
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RESPONSE: Complete input decks of the BWR case are given in Appendix 6.4.2. ’

23. Para 3 - Provide the basis of modeling for the statements in sentences 2,3,
and 4.

RESPONSE: The fuel-cladding gap is essentially filled with void material and very
small compared to the fuel cell dimension; thus, it has very little
effect on the cell-weighted homogenization process.

6.4.2 Fuel Loading of Other Contents Loading Optimization.

24. Para 2- Last sentence is too general, i.e., "appropriate for consideration".
The statement leads a reader to believe that the W15 ¥ 3 fuel assembly is
only one of the more reactive PWR types. If references 6.6.1.6 and 6.6.1.7
do not specify relative reactivity for all of the other 12 PWR fuel assembly
types, demonstrate conservatism of using the W15 X 15 fuel assembly of the
analysis. Even if the references specify relative reactivities for all of the
other 12 PWR fuel assembly types, some verifying calculations should be
performed.

RESPONSE: See response #B8

25. Para 4- if reference 6.6.1.8 does not specify relative reactivity for all of the
other BWR fuel assembly types, demonstrate conservatism of using the GE
8 X 8R fuel assembly for the analysis. Even if the references specify relative
reactivities for all of the other 8 BWR fuel assembly types, some verifying
calculations should be performed.

RESPONSE: See response #8

6.4.3 Criticality Results

26. Para 1- GENERAL COMMENTS- Computer code outputs of crucial
computations are not provided to permit review of code imputs and code
execution which would include assurance that only qualified and validated
computer hardware and systems, programs and data bases are used in the
analyses and benchmarking.

Provide computer outputs for crucial computations used in the analyses.

54



The outputs should include enough information to show;

The computer systems, program and data sets used,
The date of usage,

Input data for materials and geometries,
Intermediate results of cross section processing
Plots of avg K-eff by generation completed, and
Summary table of k-eff by generations skipped.

* * % % % »

This information should provide confidence that the same computer
hardware and systems, programs and data sets were used in the preparation
of section "6.5 Critical Benchmark Experiments".

RESPONSE: All computer code inputs and outputs are contained in NuPac's

6.4.3.1

27.

calculation packages. - These packages are on file at our office and
are available for review upon request.

Criticality Resuits for PWR Fuel

Para 2- Provide reference to the determination of uncertainties and bias of
calculations relative to the computational methodology and experimental
benchmarks. Approximate the descriptive effort provided in section 6.4.3.2.

RESPONSE: 1t is felt that Section 6.4.3.2 provides adequate discussion

of the calculational approaches used by NuPac for the
determination of uncertainties and bias. Reference to the
discussion in Section 6.4.3.2 will be included in the
paragraph in the Final Design report.

Para 3- Elaborate on the "tradeoff calculations" and provide demonstration
of the model conservatism. if reliance is to be placed on an expected k-eff
value of 0.944, then the specific model should be evaluated.

RESPONSE: Detail calculations of the Tradeoff study are documented in our

6.4.3.2

29.

calculation package. As mentioned in the footnote #4 of page 6-38,
the PWR Quarter Cask model will be evaluated and included in the

final design.
Criticality Results for BWR Fuel.

Para 1- Para 4 of section 6.3.1.2 states that the "third computer model was
constructed to calculate the reactivity of an infinite array of NuPac 140-B
shipping casks’; however, TABLE 6.4-2 case 3 creates the impression that
the model is a "finite Array Type ". If this is real, modify the text to reduce
the uncertainty of understanding.

RESPONSE: See response #3
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30. Para 3- See GENERAL COMMENTS of section 6.4.3 Para 1. '
RESPONSE: See response #26

3l. Para 2- Organizationally, reference to TABLE 6.5-1 should be made in this
section. Change column heading in TABLE 6.5-1 from "KENO Measured" to
"KENO Calculated". Make reference to specific input/output data of the
benchmark calculations as provided in an Appendix, Like Appendix 6.6.4.

See GENERAL COMMENTS of section 6.4.3 Para 1.

‘SPONSE: Editorial comments have been incorporated into the PDR. The
input/output data of the benchmark calculations are stored and kept
on file at Power Cc:nputing Company.

6.5.1 Validation Bias Calculation for PWR Fuel

32. Para l- This would make a good follower narrative for describing TABLE
6.5.1 in Para 2 of section 6.5.1

RESPONSE: Sections 6.8.1 and 6.8.2 have been consolidated into one section 6.8 ‘
*Critical Benchmark Experiments"®.

33. Para 2 - Considering the 3/8" composite thickness of the stainless steel
(about 0.23 inch) and copper (about 0.16 inch) in the basket walls, use
additional benchmark experiments which address these materials.
Otherwise, demonstrate the conservatism of not using copper and stainless
steel benchmark experiments to validate the use of the cross sections in the
safety analyses of section "6.4 Criticality Calculations".

Demonstrate calculated nuclear properties and neutron spectrum similarities
between the benchmark experiments and the cask design.

RESPONSE: Copper material in the basket walls of the NuPac 140-B Cask is

expectsd to have a very small effect on the k., of the cask. This will
be verified in the final design.
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‘ 6.5.2 Validation Bias Calculation for the BWR Fuel.

34. Para 1- This would make a good beginning for Para 2 of section 6.5 to
introduce Table 6.5-1.

RESPONSE: See response #31

35. Para 2- Considering the 5/16 composite thickness of the stainless steel
(about 0.28 inch) and copper (about 0.06 inch) in the basket walls, use
additional benchmark experiments which address these materials.
Otherwise, demonstrate the conservatism of not using copper and stainless
steel benchmark experiments to validate the use of the cross sections in this
safety analyses of section "6.4 Criticality Calculations".

Demonstrate calculated nuclear properties and neutron spectrum similarities
between the benchmark experiments and the cask design.

RESPONSE: See response #33

which appears to have a large positive calculational bias at close spacing

‘ 36. Para 3- First sentence - appears to be true in all but Core XI of TABLE 6.5-1
between assemblies (0.5644 inch).

RESPONSE: No action is required at this time. All aspects of the criticality
evaluations will be reviewed during final design.

37. APPENDICES - See review comments of text.

RESPONSE: The Appendices have been reorganized, see previous response.
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GROUP NUMBER FIVE
COMMENTS AND RESPONSES
REVIEWER: RE. BROZ
WESTINGHOUSE HANFORD COMPANY

1. Page 1-19, first bullet at top of page: The cask penetrations section must
include the criteria that the design will allow easy decontamination, possibly
remotely before human access and maintenance. This addition constitutes
an ALARA practice.

RESPONSE: NuPac will incorporate this in the final design phase.

NOTE: All cask penetrations are being reviewed and wil be
redesigned as appropriate to utilize actual cask operational
experience and to facilitate remote handling.

2. Page 1-19, third bullet: The cask drain must include a statement that allows
for easy decontamination possible remotely before human access,
maintenance or operation. this addition constitutes an ALARA practice.

RESPONSE: NuPac will investigate the drain design in the final design phase.

3. Page 1.4-1, Appendix 1.4, Drawing No. 2111-201, Sheet 11 of 12; The
hydrophobic filter does not show a means for access if it becomes highly
contaminated and or needs maintenance. Include a means of access.

RESPONSE: We are considering the removal of the hydrophobic filter and will
address this comment in the final design phase. See the response to
question 91.b in Group 2.

4, Page 1.4-1, Appendix 1.4, Drawing No. 2111-201, Sheet 11 of 12; Several
inches of shielding material (304 Stainless) are lacking within this Vent port.
Ensure that the shielding calculations have included this void when
determining the does equivalence rates.

RESPONSE: The shielding is there, NuPac will clarify these details in the final
design phase.

5. Page 1.4-1, Appendix 1.4, Drawing No. 2111-201, Sheet 12 of 12; The debris
cover does not show how it can be easily accessed, especially since the
operators will have one or more pair of protective gloves while operating.
Explain and show how this is to be operated.
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RESPONSE: The cover can be easily unthreaded. Details of how this is
accomplished will be shown in the final design phase.

6. Page 1.4-1, Appendix 1.4, Drawing no. 2111-201, Sheet 12 of 12; Provide an
explanation of page 1-19, third bullet, of how this drain is expected to
operate and refer to the explanation on this sheet.

RESPONSE: See response to Comment 1.

1. Page §-1, 5.0, second sentence; This design refers to fuel which has been
out of the reactor for no less than 10 years. Ensure that this requirement is
a control which is listed in the Certificate of Compliance, when and if issued.

RESPONSE: The NRC when issuing a certificate places all payload restrictions
that are assumed in the SAR into the certificate.

8. Page 7-2, 7.1.1; This operating procedure does not list the requirement that
the reactor fuel be cooled no less than 10 years in this section since it is a
known.

RESPONSE: Section 7.0 has been rewritten. The concern addressed in this
comment will be addressed when the specific operating procedures

are prepared.

9. Page 7-2, 7.1.2: Nowhere is there a mention of the need for Radiation or
Industrial Safety. There will be a likelihood of internal contamination and
high close rates. Industrial Safety is needed for hoisting and rigging
required for this large and massive container. Include these warning
statements wherever needed in this entire section.

RESPONSE: Radiation & Industrial Safety requirements will be included in the
cask Maintence & Operating Procedures as appropriate.

10. Page 7-3,7.1.2.2; This section does not suggest that residual radioactively
contaminated water may exist and must be mentioned.

RESPONSE: These warnings and cautions will be used throughout the Operating
and Maintenance Manual and will not be included in Section 7.0 of
the SARP which is not intended to provide specific detailed Operating
procedures. The following are some of the wamning and caution
notes which may be included in the actual procedures.
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WARNING .
A WARNING is provided where a potentially dangerous condition to personnel could exit.
WARNING RADIATION HAZARD

A WARNING - RADIATION HAZARD is provided where a potential radiation hazard could
exit.

CAUTION

A CAUTION is provided where a condition or situation exists with potential for damage
to equipment.

11.  Section B-3, Helium Leak Test Data Sheet, -29 degrees C (-20 degrees F,
The final leak rate at the bottom of the page shows 'less than 2x10-8 atm-
cm3/sec. The leak rate just above is 2.4x10-7. 10-7 is more than 10-8. This
data sheet and all others must be reevaluated.

RESPONSE: The data supplied was accumulated during rough scoping for
candidates. Final candidates will be evaluated further using formal

test data from future testing. Appropriate values will be used to
insure the adequate sensitivity of the methods used.
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GROUP NUMBER SIKX
COMMENTS AND RESPONSES
R.P. WADKINS
EG & G IDAHO

1. Please discuss NuPac's computer code verification and validation
procedures, pg 1-17.

RESPONSE: The Quality instructions (QI's) used for the computer code
verification have been made available for EG&G review. Also,
guidelines for verification and validation have been established by
EG&G/DOE for contractors use. A discussion of these procedure
would exceed the intent of Section 1.0 of the Preliminary report.

2. Be prepared to discuss if continual heating and freezing causes boro-
silicone compound degradation, pg 3-3.

RESPONSE: NuPac is investigating the effects of heating and freezing with the
material manufacturer. The manufacturer is being asked to submit
information on the effects of these phenomena.

3. Be prepared to discuss sensitivity and/or parametric analysis on thermal
runs, i.e., what happens if black paint chips off, what if copper fins oxide,
emissivity changes, etc.

RESPONSE: This comment will be addressed during final design.

4. a. What appears to be a conservative condition for a steady state run
with internal heat generation may not be conservative under accident
conditions, e.g., assuming no wire between thermal shield and outer
neutron shield may be conservative when the energy transfer is out
but during a fire, where energy flow may be in and we are concemed
about temperatures of the cladding, it's probably not conservative.

RESPONSE: This is true however the thermal shield heats to 1,100°F in about 2
minute per Figure 3.8.3-2 and expands away from the wire.
b. I would suggest for the accident case (fire) the steel wire be factored

in by an effective thermal conductivity across the gap.

RESPONSE: This comment will be considered during final design.
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5. The decay heat values are put in as uniform throughout the 21 (PWR) areas.
We should look at a "hot' assembly with say a 1.5 peak average axial
peaking and see what the maximum cladding temperature is when the
assembly is near the center of the basket.

RESPONSE: Analysis will not satisfy this comment. The situation becomes an
operational problem due to the variability of the decay heat rates of
individual fuel assemblies. Hotter assemblies will have to be put in
selected basket tubes. The total heat load of the cask cannot exceed
11 KW.

6. How do we assure ourselves that with the lead pour that no gap exists
between the stainless steel sheath’s on each side of lead? Shouldn’t we
take a gap conductance or contact coefficient at these surfaces? [ don't see
this in the "Half Axisymmetric Model" (HAM).

RESPONSE: Gaps may exist however NuPac experience seems to indicate that
sufficient contact exists to negate significant increased resistance due
to the phenomenon of resistance in parallel.

1. The detail thermal models take temperature boundary conditions from other
models, usually the HAM. Is there an iteration on B.C.'s so that a
temperature of a component in each model is the same? For example, in
the 30* model a 177° F personnel barrier temperature is used as input from
HAM, do the gamma shield lead temperatures have the same value in both
models or does the 177* F B.C. temperature need to be adjusted?

RESPONSE: These situations have been handled in a conservative manner. For
instance, the HAM model predicts a 291°F inner shell boundary
temperature based on an inner shell emittance of 0.8. When either
basket model was utilized, the inner shell emittance assumed was 0.3.
Probably a valve of 0.8 is more realistic. This comment will be given

more thought curing final design.
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GROUP NUMBER SEVEN
COMMENTS AND RESPONSES
REVIEWER: G.R. HAYES
IDAHO NATIONAL ENGINEERING LAB

1. Any design consideration of capability to transport failed fuel (breach of
cladding)?

RESPONSE: Failed fusl must be placed in a sealed cannister before it can be
shipped in the 140-B cask

2. SAR drawings. Recommend that the "top tier" SAR drawings not contain
fabrication details that are dependent on vendor selection and do not
specify final configuration. Examples would be weld preparation
configuration. This will eliminate unnecessary SAR revisions, as these "in
process" dimensions are revised.

RESPONSE: The final SAR drawings will comply with the recommendation
contained in this comment.

3. Cask load test of trunnions, is specified as 150% of maximum working load
(drawing 2111-201 Note 13). Single failure criteria for ANSI N14.6 may
require a higher test load. This is facility dependent. Cask trunnions must
comply with facility lifting requirements, since they form part of the load
path. This should be discussed with all potential users of the cask to
determine most stringent load test requirements.

RESPONSE: The design of the cask trunnions and lifting yoke may not necessarily be
facility dependent. The NuPac design is based upon satisfying the
requ irements of ANSI N14.6 and NUREG 0812 by providing a dual
load path (single failure point) for critical ioads (see response to item
18, page 13). Therefore the testing requirements of ANSI N14.6, para.
6.3(3) apply, which require a locad test equal to 150% of the total
weight to be lifted.

4. The cask drawing 2111-201 references several NuPac documents for further
design information: i.e., L-01 for lead pour, weld inspection per VT-0l,
inspection per L02, load test per Lot-21, leak test per LT-21. Will these
documents be included in the SAR? An alternative would be to only
reference regulations/standards on the drawing.

RESPONSE: NuPac agrees with your alternate approach and is revising the

drawings accordingly. However, it is recognized that the instructions
are not sufficient to demonstrate how they are made.
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8.

Note 22 of Drawing 2111-201 should specify that all containments shell‘

welds are full "penetration”.

RESPONSE: This is actually nots #29. NuPac agrees and will correct the note.

Inspection/test personnel certifications and qualifications: Section 9 of the
Preliminary Design Report (PDR), states that "qualification reviews are
performed periodically.. Recommend that test/inspector personnel
certifications be verified prior to actually performing the inspection or test.
This will assure that all personnel have valid and current certifications
before they do the work. Not an NQA-1 requirements but certainly a good
procedure for preventing problems and avoiding repeat inspections/tests.
Note: May not be possible to repeat all inspections - may become
inaccessible during subsequent fabrication.

RESPONSE: The first Part of Sect. 9.2.10 states that these reviews are performed

by the QA manager prior to performing the test or inspection.

General comment on ‘'field fitting" of components. This would apply
primarily to the cask ancillary equipment. In situations where fabrication
drawings/plans specify "field fitting" of structural steel components, controls
must be placed on fabrication operations to assure that the minimum
material conditions allowed by the field fitting operations are consistent with
material thicknesses assumed in the stress analysis.

RESPONSE: All drawings and/or specification will include the stated

recommendations.

Two general comments regarding fasteners:

a. Beware of bogus bolts. Suggest sample testing of completed
fastener.

RESPONSE: NuPac is aware of "bogus bolts” and our procurement of bolts will

address this issue during the fabrication cycle. A grade approach to
quality will be applied to all materials procured for this contract.
NuPac will invoks Quality Requirements and Verifications appropriate
to the assigned graded quality category.

b. For cap screws subjected to high torque (e.g., fasteners, lid bolts),
previous experience has shown a problem with the internal hex
“rounding out’ due to application of high torques and the fasteners
becoming unusable. These problems occurred with the same
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RESPONSE:

material (A320, Grade L43). This is due to the wide variability in the
QC of the hex dimensions within the fastener industry. Suggest first
article inspection of lid fasteners.

Items such as Fasteners are procured and inspected in accordance
with industry standards with required tolerances applied. NuPac will
lock into this issue in final design. We will also investigate the use
of 12 point bolt heads or other head configurations.

9. PDR, Section 8 - Acceptance Tests. Paragraph 8.1.6 specifies "no testing
required." Recommend a test to verify the heat dissipating capability of the
cask, i.e., how well the copper fins perform.

RESPONSE:

Typically calculations are sufficient though thermal testing can be
performed by the customer. NuPac will ensure the thermal
performance of the cask and recommend to the DOE any additional
testing which would appear to be appropriate for consideration
during the testing to be performed by the DOE, e.g., confirmatory
demonstration.

10. Has a producibility review been performed? Especially for the copper fins.

RESPONSE: Yes, All components undergo a producibility review. As the design

moves into final design, more specific reviews are performed.

11. Impact limiters, drawing 2111-202 and 2111-203, why are you painting SST?

RESPONSE: To decreass the solar absorbtivity and increase the surface

emmissivity. :

12. Comments 2 and 4 on the cask itself, apply to the impact limiters also.

RESPONSE: See response numbers 2 and 4.

13. Impact limiters. Need to reference a specification for the brazing process.
Procedure and personnel qualifications apply here.

RESPONSE:

Brazing processes will include use the appropriate specification
criteria.
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14.

Cask operation, PDR S« on 7.1.24. Suggest use of sleeves to protect both
the cask and lid O-ring aling surfaces. Addressed for cask in 7.1.2.7; but
should be mandatory, nct optional.

RESPONSE: A cask seal surface protector will be mandatory at the utilities, but

185.

may not be required at the MRS or Repository. It will depend on the
remote handling equipment to be used. There is no need to protect
the lid O-rings because they are side mounted. Section 7.0 is being
rewritten.

Loading of fuel assemblies. Will it be necessary to prescribe a loadir~
pattern (spec : fuel assemblies in specific locations)? If so, should :
addressed in ction 7.

RESPONSE: There is no indication at this time that a specific location or loadir

16.

sequence for placing the fuel assemblies into the fuel basket s
required. Should an operational problem arise due to variability of
the decay heat rate of individual fuel assemblies, a loading scheme
would be developed.

Operations. Is it acceptable to drain the cask before it is moved from the
pool to a work area? ‘

RESPONSE: No, the water remains in the cask to provide shielding (ALARA)

17.

during the decontamination process and during the head bolt
installation and tightening operation.

General comment on maintenance. Cask maintenance, including records,
require planning "up front;" otherwise, it will probably not comply with NRC
requirements. The cask licensee is responsible for this planning. The
licensee must “own" maintenance and have a system to assure that
maintenance is conducted as required and that the required QC records are
maintained. This will require much communication and coordination
because of the numerous companies involved.

RESPONSE: This will be included in the Maintenance manual which will include

sections on records and QA/QC requirements.
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GROUP NUMBER EIGHT
COMMENTS AND RESPONSES
REVIEWER: M.D. RUSKA
EG & G IDAHO

l. Section 1.2.3, Page 1-4, third sentence (also ref. section B.1.6.1.2, page
B.1.61) States the maximum allowable weight for the railcar was set at
40,000 lbs. There is no way a 4 axle railcar, capable of handling
approximately 214,000 1bs., can be constructed and weight 40,000 lbs. The
realistic weight is closer to 100,000 lbs. and will probably end up being a 6
or 8 axle railcar in order to distribute the load in accordance with AAR rules.
It must be kept in mind that with this kind of concentrated weight, you can
only go to 75% of the railcar capacity.

RESPONSE: The requirement for 78% of capacity is for standard railcars FM).
Cars can be and have been designed for 100% capacity for loads in
the center as long as each set of trucks doesn't exceed the AAR
wheeloading. These flat cars have AAR FMS designation. The
NuPac rmilcar designer has indicated the railcar to meet our

specification with weight approximently 39,800 pounds.

2. Section 1.2.4, Page 1-4 Is there a weight calculation for the
sunshield/personnel barrier and is it added into the overall gross weight?

RESPONSE: Yes, there is a weight estimate of 2,000 pounds for the
sunshield/personnel barrier and it is added to the overall weight on
rails.

3. Section 1.3.16, Page 1-16

a The figure shows a total gross weight of 206,539 lbs. This number
conflicts with Section B.1.2.1, Page B.1.21, which shows 203,159 Ibs.

This difference can significantly change the bottom line on Page
B.1.21.

RESPONSE: Yes, there are inconsistences in the weights which will be corrected

in the final Preliminary Design Repart. The 206,839 pound number is
correct.

b. Throughout Section 2.7.1, references are made to the NuPac 125-B
cask test results. Do you know if this will satisfy the requirements for
the 140-B cask considering the performance testing standards taking
effect in 1991? Should the 140-B cask have its own test results?
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RESPONSE: The 140-B cask will have its own test results per the contract. The
comparison with the 128-B cask were made for reference only. ‘

4. Section 2.5.1.2, Page 2.5.1 - 12, first sentence. The BWR basket weight
should be 5,000 lbs. not 50,000 lbs.

RESPONSE: The 80,000 Ibs refers to a BWR baskest fully loaded with 82 BWR fuel
assemblies.

5. Section 2.6.4, Page 2.5.1-122, second line NuPac 125-B cask should be,
- Nupac 140-B cask.

RESPONSE: Yes. Section 2.0 has been correctsd and revised per this comn. it

6. Section 7.3, Page 7-8 This section is technically correct; however, the
requirements of 48 CFR 173.427 are aimed at excepted packages. Once
used, I don't think the cask can meet these requirements; unless there is a
decon procedure to bring it within the excepted limits. If not within the
excepted limits, the shipper must go back to Sections 7.1.2.26 and 7.1.2.27.

RESPONSE: The Final Design Report will address this concemn. Q

1. Section 7.4, page 71.4-3 Need to reference title 49 CFR Part 171, General
Information Regulation and Definitions. Not only lists definitions of such
things as radioactive, but since the package certificate is being pursued with
a multi-lateral (M) designation, 171.12 discusses import/export shipment
requirements.

RESPONSE: ﬁC!RPutlleﬂlbﬁaddodtoﬁhlktofnm.
8. Section C, Page C.1.3
a This turnaround time does not appear realistic.

b. Loading and unloading time appears to be approximately 10 hours
short each (this is using TMI as an example and they are loaded
dry), also need to build in some maintenance time for the railcar
(TMI is taking 1 day including switch times and PM time)

RESPONSE: Section C is being rewritten to include only tumaround t:es
estimates for utilites (loading sits) and the MRS/Repository
(unloading site). Transit time and maintenance time will not be part
of Section C.
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9. Section C.2.2, Page C.2-3 If addressing the Section as 10 CFR 7] as C.2.2.1,
General Standards for all packaging (71.43) intended to include all of 71 (i.e.
71.51 "additional requirements. for Type B packages" , 71.55 "general
requirements for all fissile material packages ", and 71.61 "special
requirements. For fissile III shipments, etc.)

RESPONSE: No, rather it follows Regulatory Guide 7.9 (Proposed Revision 2)
format for SARP Section 2.4.

10. Section B.1.4, Page B-1-51, Paragraph 2, last sentence A personnel barrier
for maintaining maximum dose rate is not a requirement of 10 CFR 71.

RESPONSE: 10 CFR 71.47 - "External Radiation Standards for all Packages" uses
the term “closed transport vehicle”. The personnel barrier is the
method used to obtain a closed transport vehicle.

11. Section B.1.6.2, Page B-1-62 More specific detail needs to be given to the
maintenance of the railcar, similar to that given the IDOX/NPIX railcars used
on the TMI project. Acceptable industry standard does not buy much with
the regulators and public.

RESPONSE: Detailed maintenance requirements for the railcar will be part of the
Cask System Maintenance Manual.

12. Section C.2.3, Page C.2-7, second sentence Article 173.393, 49 CFR does not
have a 173.393. Radiation level Limitation can be found in 173.441 and it is
10mr/hr at 2 meters from the vertical planes of the vehicle.

RESPONSE: Agree, we will correct the final issue of the Preliminary Design
Report.
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COMMENTS AND RESPONSES
REVIEWER: R]. BURIAN
BATTLE NUCLEAR SCIENCE GROUP

GROUP NUMBER NINE .

1.0 GENERAL INFORMATION

SECTION NUMBER: 1.3.2.1 PWR Basket
PAGE NUMBER: 1-9 Third Line

SECTION NUMBER: 1.3.2.2 BWR Basket
PAGE NUMBER: 1-10 Fourth line

The neutron absorbing material should be described or the reader shou. 1
referred to Section 6.3.1.1 for the description.

RESPONSE: Reference has been included in Section 1.0.

2.0 STRUCTURAL EVALUATION

The phrase "outer cask inner shell" is used frequently throughout the
structural analysis section. It is not clear if this refers to the "inner shell"
which forms the cask cavity as defined in Section 1.3.1, Package
Description, Cask, or to some other component. The nomenclature should
be made consistent and the "prefix"-"outer cask" be purged if reference to
the inner shell is meant

RESPONSE: Section 2.0 has been revised to delete reference to the term "outer"
cask.

SECTION NUMBER: 2.3 Mechanical Properties of Materials
PAGE NUMBER: Following 2.0-29

Table 2.3-1 Mechanical Properties of Materials which follows Page 2.0-29 is
only 2 pages long and appears to be incomplete. In addition, the last line
of the second paragraph on Page 2.0-29 states that stress-strain curves and
creep data are in Figures 2.3-1 through 2.3-6. However these figures are
missing from the package. Review of some sections was hampered by lack
of data.

RESPONSE: Section 2.0 has been revised to include the missing material data.
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4, SECTION NUMBER: 2.4.4 Chemical and Galvanic Reactions
PAGE NUMBER: 2.4-1

The statements that the materials are chemically compatible and that no
galvanic reactions will occur should be substantiated by appropriate
references for all material combinations including the impact limiter and
neutron shield materials.

RESPONSE: Section 2.0 has been revised to include substantiating references.

5. SECTION NUMBER: 2.5.1.1 Trunnions Lifting Devices
PAGE NUMBER: 2.5.1-1

It would improve the clarity of this section if the calculation of the bolt loads,
Page 2.5.1-6 through Page 2.5.1-8, was moved to the beginning of this
section and placed after the table summarizing the margins of safety.

RESPONSE: This comment will be considered during final design.

6. SECTION NUMBER 2.5.1.1 Trunnions Lifting Devices
PAGE NUMBER 25.1-2 First paragraph

The bolt base material, IN-718 Nickel Spec SB637, Type N07718, is not the
material specified on Drawing 2111-201, Sheet 2 of 12, Zone 4D. The
discrepancy should be corrected and all calculations using the bolt material
properties should be checked to ensure that the correct values are being
used.

RESPONSE: The calculations were checked to ensure use of correct bolt material
properties. The drawing will be corrected during final design.

1. SECTION NUMBER: 2.5.1.1 Trunnions Lifting Devices
PAGE NUMBER: 2.5.1-2 last sentence in third paragraph from bottom of
page

The flexural stresses are probably small as indicated, but this should be
demonstrated by calculation.

RESPONSE: This comment will be considered during final design.
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2, SECTION NUMBER: 2.5.1.1 Trunnions Lifting Devices
PAGE NUMBER: 2.5.1-4 Figure 2.5.1-2 .

It is not evident why the triangular load pattern for the bolts was assumed
to intersect the base of the trunnion at the uppermost bolt (location of
reaction force P, in the figure). The model shown is not physically correct.
Under a lift load the triangular load pattern will intersect the fact of the
trunnion at its top edge and the reaction force will act at this point. In
addition, application of the load at near the mid-length of the trunnion is too
optimistic. The sketch for the lifting device in Section B.l, Auxiliary
Equipment, does not give sufficiently detailed dimensions to identify how the
lifting hook mates with the trunnion. However, it would be appropria: o

 assume a worst case loading and apply the Lifting load, " P.."at the enc. .
the trunnion (at the 5.25 inch dimension shown in Figure 2.5.1-2).

RESPONSE: This comment will be considered during final design.

9. SECTION NUMBER: 2.5.1.1 Trunnions Lifting Devices
‘ PAGE NUMBER: 2.5.1-6 Equations at top and middle of the page

The equation for the moment on the trunnion should use the more
conservative moment arm of 5.25 inches as noted in the preceding comment.

The equations for the force in bolts 7 and 8, at the top of the bolt pattern
(Figure 2.5.1-2) should be added to the equation for the other six bolts. The
value for "R" in all equations should be changed to "4".
RESPONSE: This comment will be considered during final design.

10. SECTION NUMBER: 2.5.1.1 Trunnions Lifting Devices
PAGE NUMBER: 2.5.1-7 Second paragraph

The friction factor assumed for the bolt tightening is unrealistically low for
this diameter bolt. A more realistic value is 0.20 -0.25.

RESPONSE: This comment will be considered during final design.

11. SECTION NUMBER: 2.5.1.1 Trunnions Lifting Devices
PAGE NUMBER: 2.5.1-7 Second last paragraph

It is not understood what is meant by this paragraph. No negative sign
appears in the preceding equations and the reference to an "unclamping

force” is not clear.

RESPONSE: Clarification will be supplied during final design.
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12. SECTION NUMBER: 2.5.1.] Trunnions Lifting Devices
PAGE NUMBER: 2.5.1-8 Equation for F..

The equation for F.. has the parentheses misplaced.

RESPONSE:

Section 2.0 has been corrected to include this comment.

13. SECTION NUMBER: 2.5.1.]1 Trunnions Lifting Devices
PAGE NUMBER: 2.5.1-8 Bearing and Thread Stresses in the Socket

a.

RESPONSE:

RESPONSE:

This calculation assumes that the upper half of the circular area of
the trunnion within the socket bears evenly on an area of the socket
ecqual to the product of the diameter and the insert distance. This is
a meaningless calculation since the loading area is a line which
changes to rectangle on a curved surface as the trunnion and socket
elastically (and plastically ?) deform. It would be more appropriate
to calculate the shear stresses in the bolts assuming that, as a worst
case, they are in shear.

This comment will be considered during final design.

Bearing of the end face on the trunnion on the face of the socket has
been neglected. The contact force produced by the triangular bolt
load pattern in Figure 2.5.1-2 can be used to obtain an average, end
bearing stress.

This comment will be considered during final design.

14. SECTION NUMBER: 2.5.2 Tiedown Devices
PAGE NUMBER: 2.5.2-1 First two paragraphs

The tiedown components described are not shown in detail on the 2110
Series Drawings. Better sketches than the computer drawn models would
be very helpful in understanding the configuration and location of the load
bearing components.

RESPONSE:

More detailed sketches of tie-down components appear in Section
B.], figures B.1.2-2 and B.1.2-8 along with sketches associated with
paragraph B.1.8.10. Also, see drawing 2111-201 in Section 1.0.
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15. SECTION NUMBER: 2.5.2.1.2 Results of calculations for the tie-down side
load
PAGE NUMBER: 2.5.2-13 Center of page

It is not evident how the side loads acting at the tie-down trunnions can be
reacted by the full 140-inch length of the cask. It also appears that the
reference to Figure 2.5.2-7 is in error. Figure 2.5.2-7 is related to the
following Section., 2.5.2.2, 'Vertical Transportation loads in the Tie-Down
Structure".

RESPONSE: Section 2.0 has been revised to incorporate this comment.
Appropriate corrections and clarifications have been made.

16. SECTION NUMBER: 2.5.2.2 Vertical Transportation loads in the Tie-Down
Structure
PAGE NUMBER: 2.5.2-16 First sentence

Reference to figures is incorrect and/or figures are missing.

RESPONSE: Section 2.0 has been revised and appropriate corrections have been
made per this comment.

17. SECTION NUMBER: 2.6.1.2 Thermal Stress Due to Differential Thermal
Expansion
PAGE NUMBER: 2.6-3

This section should address the stresses which may be produced by the
thermal expansion of the lead within the gamma shielding lead annulus, or
explain why the stresses will be inconsequential.

RESPONSE: Stresses in the lead will be considered during final design.

18. SECTION NUMBER; 2.6.1.2 Thermal Stress due to differential Thermal
Expansion
PAGE NUMBER: 2.6-3 last paragraph

The purpose for adding the stress in the load collar to the stress in the outer
cask lid is not clear. The resultant value is meaningless.

RESPONSE: The purpose of this calculation was to show that problems do not
exist even under unrealistically conservative assumptions.
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19.

21

22.

SECTION NUMBER: 2.6.1.3.1 Stresses due to Unit Pressures
PAGE NUMBER: 2.6-6 figure 2.5.1-1

As part of demonstrating containment, the stress and the deflections at the
cover seal surface should also be calculated. It would be probably be
appropriate to use a finite element code for these calculations to account
for the exact geometry of the mating parts.

RESPONSE: This comment will be considered during final désign.

SECTION NUMBER: 2.6.1.3.2 Stresses due to Maximum Pressures

PAGE NUMBER: 2.6-9 First sentence ; and
SECTION NUMBER: 2.7.1.1 Flat End Drop

PAGE NUMBER: 2.7-5.(2) Outer Cask Lid Bending Analysis Assuming No
Impact Limiter Support '

The value of 284 psig for the maximum internal pressure at normal
conditions and the value of 351 psig for the pressure in an accident are
incorrect. this is discussed further in the comments on the thermal analyses,
Sections 3.4.4 and 3.5.4.

RESPONSE: We agree, but the end effect is conservative. A more detailed
analysis will be pursued during final design.

SECTION NUMBER: 2.6.2 Cold (Fabrication stresses due to lead pour)
PAGE NUMBER: 2.6-23 Second last paragraph

This paragraph indicates that the outer shell will be welded to the base after
lead pour. The design should address how the weld will be kept free of
lead contamination.

RESPONSE: This comment will be incorporated in the manufacturing procedures
for welding the joint of concem.

SECTION NUMBER: 2.6.7 Free drop
PAGE NUMBER: 2.6-34 Top line

Reporting that the cask has a high natural frequency is surprising. Normally
a lead filled cask has a low natural frequency.

RESPONSE: The ratic of the shock or load duration to the cask natural period is
significantly high because of the relatively "soft' impact limiters.
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SECTION NUMBER: 2.6.7.1 Free drop .
PAGE NUMBER: 2.6-39 Equation for q' at center of page

It would seem to be more appropriate to perform this calculation for the
case of a 24.7 g load from the basket acting as pressure "q" on the inner
surface of the cask lid and use the actual foam compressive stress for the
pressure acting on the outer surface. The method which was used, applying
counteracting pressures for l-q and then multiplying by 24.7 g should
achieve the same end result. However, since Appendix 2.10.2 in which the
results of the impact calculations are given is not included in the design
package, this can not be confirmed.

RESPONSE: This comment will be considered during final design and Section 2.0
has been revised to include Appendix 2.10.2.

SECTION NUMBER: 2.6.7.1 flat End Drop, (6) Stresses in the Outer Cask
Shells and lead

PAGE NUMBER: 2.6-41 Sentence starting on third last line and the following
test which continues on Page 2.6-44

It is not obvious why the lead will initially flow radially away from the inner
shell after friction has been overcome. This should be explained.

RESPONSE: NuPac will consider performing a lead stress analysis in the final
design phase to address this comment.

SECTION NUMBER: 2.6.1.1 Flat End Drop

PAGE NUMBERS: 2.6-41 to -60 (6) Stresses in the Outer
Cask Shells and lead, (7) Stresses in the Outer Cask Shells and lead, and
(8) Lead Slump

This section examines the axial load of the lead on the inner shell.
However, only the force developed by friction between the lead and the
stainless steel is considered. Shear within the lead should also be examined
to verify that frictional forces are controlling.

RESPONSE: See previous response.
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26.

21.

28.

29.

SECTION NUMBER: 2.6.7.2 Comer and Oblique Drops
PAGE NUMBER: 2.6-60

This section should also include the secondary impact effect of the cask
falling over (slap-down mode) after the initial cormner impact. These effects
will be different from those for the side impact orientation examined in
Section 2.6.1.3 since the velocity of the CG at impact will be likely greater
than for the 1-foot side drop condition.

RESPONSE: This comment will be considered during final design.

SECTION NUMBER: 2.6.7.2 Comer and Oblique Drops
PAGE NUMBER: 2.6-64 (6) Impact Limiter Attachment Forces

The assumed orientation of the attachment bolt pattern relative to the impact
point on the cask "comner" is not the one which produces the greatest bolt
stress. A worse condition exists if the impact point is moved 22.5 degrees
around the cask and impact is assumed directly in line with a bolt location.
The moment of the bolts about the impact point is reduced about 6 per cent
with a corresponding increase in the maximum bolt stress. The margin of
safety is reduced about 12 percent.

RESPONSE: This comment will be considered during final design.

SECTION NUMBER; 2.6.7.3 (2) Outer Cask Shell Carriers impact load
PAGE NUMBER: 2.6-70 Last Paragraph

The assumption of the distributed load is not conservative as is stated. The
reaction forces, R, and R,, are positioned at mid-thickness of the cask end
forgings. Neither the basket, spent fuel, shells, or lead extend the full
distance between the reaction forces. Although the effect will be small, the
model can not be considered conservative and the load diagram in figure
2.6.7.3-1 should be changed to reflect the correct weight distribution.

RESPONSE: The load diagram will be refined during final desigmn.

SECTION NUMBER; 2.6.8.1 PWR Basket Analyses
PAGE NUMBER: 2.6-88 (5) Longitudinal gusset plates...

The second paragraph under Item 5 states that the gusset weldments are
fluid tight to reduce the amount of water that is lifted with the cask. The
operations sectionshould then identify what routine procedures will be
employed to ensure that the compartments remain fluid-tight during use.

RESPONSE: Serious consideration of changing the baskst design to negate fluid

tight compartments will be pursued during final design.
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30.

3l.

32.

SECTION NUMBER: 2.6.8.1.1 PWR Basket Side Drop Analysis
PAGE NUMBER: 2.6-93 Table 2.68-1; and

SECTION NUMBER: 2.6.8.2.]1 BWR Side Basket Analysis
PAGE NUMBER: 2.6-104 Table 2.6.8-3

The stress summary tables do not indicate for which orientation in the list
on Page 2.6-92 the stresses are given. Since Appendix 2.10.4 is not included
in the design package, the orientation can not be identified.

RESPONSE: Section 2.0 has been revised to help clarify the situation stressed in

this comment. Also, Appendix 2.10.4 will be included in the final
design, report and/or the SAR.

SE” "ITON NUMBER: 2.7 Hypothetical Accident Conditions
. 3E NUMBER: 2.7-1

Throughout this section the accidents are evaluated assuming undeformed
impact limiters. However, since the 1-foot free drop is considered a normal
operating occurrence, the cask presumably should be able to withstand the
30-foot free drop accident after experiencing a l-foot free drop. Thus, the
impact limiters’ performance in the accident should assume that they have
been previously deformed by the l-foot fall.

RESPONSE: This comment will be considered during final design.

SECTION NUMBER: 2.7.1.1 Flat End Drop
PAGE NUMBER: 2.7-5 (2) Outer Cask Lid Bending Analysis Assuming No
Impact Limiter Support

Mixed conditions are used in this calculation. The 30-foot free drop
accident occurs before the fire accident. Therefore, it is incorrect to use the
fire accident internal pressures for stress calculations related to the impact.
The temperature and pressures within the cask at the time of the impact
accident are those for normal operation.
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33. SECTION NUMBER: 2.7.2 Puncture
PAGE NUMBER 2.7-54 Side Puncture, Second Paragraph

It is inappropriate to degrade the equivalent XM-19 thickness in the manner
shown. The method followed assumes that the Su of the boro-silicone and
copper experience the same temperature reduction with temperature as the
XM-19. This is not so. The Su of cold drawn ETP Cu-110 copper at 240°F
is about 8 percent below that at room temperature (Alloy Digest, Filing Code
Cu-222, November 1970). Since the three correlations for puncture result
in widely varying values of required shell thickness and the wall thickness
may be marginal. It would be more appropriate to expedite the planned
puncture tests and not depend on taking credit for components such as the
boro-silicone or the copper. It is doubtful in an NRC reviewer would accept
the approach presented.

RESPONSE: The proposed puncture test will be performed such that test results
will be available to support the final design/SAR requirements.

34. SECTION NUMBER: 2.7.3.2 Differential Thermal Expansion
PAGE NUMBER: 2.7-64 Last Paragraph

This section should address the stresses which may be produced by thermal
expansion of the lead within the gamma shielding lead annulus, or explain
why the stresses are inconsequential. The lead should be assumed to have
been deformed or to have slumped during the impact accident.

RESPONSE: This comment will be considered during final design.

35. SECTION NUMBER: 2.7.3.2 Differential Thermal Expansion
PAGE NUMBER: 2.7-65 Table at top of page

It is not clear what the "cask root" is. This should be better defined.

RESPONSE: Section 2.0 has been revised to clarify the item mentioned in this
comment.

36. SECTION NUMBER: 2.10.1.1.2 Side Drop (SYNDROP-PC)
PAGE NUMBER: 2.10.1-8 First Paragraph
SECTION NUMBER: 2.10.1.1.3 Comer Drop (SYNDROP-PC)
PAGE NUMBER: 2.10.1-7 First Paragraph
SECTION NUMBER: 2.10.1.2 Oblique Impact Dynamic Analysis
PAGE NUMBER: 2.10.1-11
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The type of QA code validation should be explained, e.g. by finite element
analysis, tests performed for this program, test performed as part of the 125-
B Cask design, etc.

RESPONSE: The refereniced documents in Section 2.0 explain that drop computer
code validation is achieved via tests performed as part of the 128-B

cask design.

37. SECTION NUMBER: 2.10.2.2 Basic Polyurethane Foam Stress/Strain
Characteristics
PAGE NUMBER: 2.10.2-6 Table 2.10.2.7 Impact Limiter Manufacturing
Quality Assurance Considerations

‘The QA density check for the foam should also include a minimum
acceptable density.

RESPONSE: A density lower than 12.8 PCF is allowable if the stress vs strain
characteristics are within the range of Table 2.10.2-17.

3. SECTION NUMBER: 2.10.2.3 Drop Program Evaluation Results
PAGE NUMBER: 2.10.2-6

The evaluations performed in this section for the deformation of the impact
limiters during the 30-foot fall accident should consider impact on a location
which has been previously deformed as a result of the normal transportation,
1-foot fall incident.

RESPONSE: This comment will be considered during final design.

39. SECTION NUMBER: 10.2.3.2 Hot Conditions - Maximum Impact Limiter
Defections
PAGE NUMBER: 2.10.2-20 Table 2.10.2-17

Footnote (2) to the table states that the impact limiter was assumed to be 86
percent effective. It is not clear what this means. Since it has been earlier
stated that the limiter material will deform 80 percent before it becomes
solid (lockup). The meaning of "86 % partially effective" should be
explained.

RESPONSE: This comment will be considered during final design.
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40. 3.0 THERMAL EVALUATION

SECTION NUMBER: 3.1 Discussion (Thermal Evaluation)
PAGE NUMBER 3-8 footnote (1) for Table 3.1-2

I addition to showing that the Eypel-F elastomeric O-ring seals remain leak
tight up to 350 F, they should also be shown to remain leak tight at
depressed temperatures to -40 F. Reference the tests reported in Test
Report #L-9775, O-Ring Seal Test Program Report, attached to the design
package.

RESPONSE:

This comment will be incorporated in the final design report and/or
the SAR.

4], SECTION NUMBER: 3.4.1.1 Half Axisymmetric Model of Cask with Impact
Limiter (Thermal Model)
PAGE NUMBER: 3-18 Assumption E.

RESPONSE:

RESPONSE:

Assumption E states that half of the heat rejected from the cask
surface by radiation passes through the vent holes in the personnel
barrier, i.e., half of the surface area of the cask "sees" the outside
environment. This is inconsistent with the assumption made in the
top paragraph on Page 3-10 -- that the solar heat is absorbed only by
the impact limiters and the personnel barrier. That assumption led
the reader to the conclusion that no part of the environment above
the horizon can "see" the cask.

This assumption has been dropped. Original calculated results,
which are currently published, did not include this assumption.
There was not enough time to make revisions in the published
calculations based upon this assumption. Such revisions would have
resulted in lower temperatures. For instance, the o-ring seals, at
300F during normal conditions, would have dropped to 292°F.

Section B.1.4 "140-B Cask Sunshield/Personnel Barrier', (Last
paragraph on Page B.1.51) states that the top 30 degrees of each
barrier door is covered by solid panels and the next 60 degrees by
louvered panels. The remaining vertical section is slotted to allow 30
percent open space. if the louvers on the 60 degree portion of the
barrier provide complete shielding of the cask from the sun, it is
unlikely that the holes in the vertical panels and the open area of the
rail car under the cask provide a clear line of sight to the
environment for 50 percent of the radiant heat from the entire cask
surface. Thus, we question the validity of Assumption E.

Assumption E has been dropped.
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c. Moreover; since the top of the cask is well shielded from the
environment by the personnel shield, the cask circumferential
temperature distribution should be examined.

RESPONSE: This comment will be considered during final design.

42, SECTION NUMBER: 3.4.] Half Axisymmetric Model of Cask with Impact
Limiter (Thermal Model)
PAGE NUMBER: 3.20 Assumption J.

It should be demonstrated that the equation for free convection heat transfer
is valid for a horizontal cylinder surrounded by a second "cylinder" -- the
sunshield/personnel barrier. The presence of the barrier produces an
annulus at the top half of the cask. This is a unique configuration, however,
because the outer cylinder has a number of openings to enhance free
convection to the environment.

RESPONSE: This comment will be considered during final design.

43. SECTION NUMBER: 3.4.1.2 Thirty Degree 2-d Model of Cask Wall
PAGE NUMBER: 3.21 ‘

The comments above regarding solar heat input and radiation from the cask
surface also apply for the 30-degree model.

RESPONSE: Same response applies as presented above (item 41).

44, SECTION NUMBER: 3.4.1.2 Thirty Degree Model of Cask wall
PAGE NUMBER: 3.23 Assumption E.

For the worst case condition of radiation from a 30 degree sector of the
cask, the sector should be assumed to be opposite the solid panel section
of the sunshade/personnel barrier and thus, the view factor to the outside
environment is zero. Convection from this region will also be impeded by
the sunshade/personnel barrier.

RESPONSE: The assumption has been revised to include this comment.
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46.

47.

SECTION NUMBER: 3.4.1.5 Full 2-D Model of Center PWR Fuel Assembly
PAGE NUMBER: 3-31 Assumption A.

It is thought that the reference to the fuel region of the fuel rods as
"depleted uranium" is a typographical error and the “UQ," was intended.
However, beyond that, to assume an unrealistically high conductivity for the
fuel region can lead to erroneous results. This assumption will increase the
apparent, overall heat transfer from the center of the fuel assembly. It is
thought that this will cause an unrealistically low temperatures to be
predicted at the center of the assembly. A better approach would be to use
an existing model such as the empirical Wooton-Epstein Correlation
developed at Battelle Columbus for this type of fuel element configuration.
It has recently been modified by lawrence Livermore to increase its
accuracy for low decay heat rates.

RESPONSE: Wooton-Epstein was applied and the maximum fuel cladding

temperature dropped from 682°F to 665F.

SECTION NUMBER: 3.4.1.5 Full 2-D; Model of Center PWR Fuel Assembly
PAGE NUMBER: 3-33 Figure 3.4.1-7 (Model at right of page)

The model with the pins in a triangular spatial configuration is incorrect.
The pins should be modelled in a square configuration as in a fuel element.

RESPONSE: The pins are modeled in a square configuration as depicted in the

fuel assembly cross section shown at the bottom of Figure 3.4.1-8.

SECTION NUMBER: 3.4.2 Maximum Temperatures
PAGE NUMBER: 3-34 Table 3.4.2-1

Since the calculated, maximum fuel cladding temperature is only 56°F below
the design limit, the above comments regarding the correctness of the
thermal model assumptions are especially significant.

Moreover, the high cladding temperature indicates that an uncertainty
analysis should be done to determine the consequences of uncertainties in
the material thermal properties and critical dimensions. Such an analysis
uses error analysis techniques to estimate the uncertainty of the temperature
difference in each portion of the heat flow path. These "local" uncertainties
are then combined statistically to obtain an uncertainty in the overall
calculated temperature difference.
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RESPONSE: As - :ationed above (item 48) Wooten-Epstein predicts a fuel ‘
cladc:ng temperature 17°F lower than NuPac. Comparisons with MC-
10 actual experimental data in Appendix 3.6.8 shcws fuel cladding
temperatures could be 43°F higher. The situaticn is marginal and
more basket heat transfer material will be considered in final design.

SECTION NUMBER: 3.4.4 Maximum Internal Pressures
PAGE NUMBER: 3-412 Table 3.4.4-1

The manner of arriving at the mixture temperature in Table 3.4.4-1 is very
approximate. Emphasis should be given to the volume of gas affected
rather than the bounding areas.

RESPONSE: The area approach has been standard procedure in the past and has -
regulted in conservative results; however, this comment will be
considered during final design.

SECTION NUMBER: 3.4.4 Maximum Internal Pressures

PAGE NUMBER 3-4]1 Equation for P.. near bottom of page
The pressure for the water vapor in the cask has been calculated
incorrectly. Until the lowest temperature in the cast rises to a value such
that the water vapor becomes superheated, the pressure of the water vapor
will be that of saturated water. The specific volume of 1-cubic foot of water
in the cask cavity is:

V,.=138.8 ft/[(1 ft)) (62.4 Ib/ft0]= 2.17 ft/1b

The temperature of the cask walls is 290 F. At that temperature, the specific
volume of saturated water vapor is 7.461 ft/lb. Thus, the water in the cask
is a mixture of liquid and vapor. The saturation pressure for water vapor at
290 F is 87.86 psia.

Since the cask walls act as the condenser in a reflex condenser system, the
heat transfer coefficient at the wall surface should be calculated to ensure
that sufficient heat transfer takes place to maintain vapor condensation.

RESPONSE: The methods described in this comment will be considered during
final design. The methods used by NuPac lead to conservative
results which were sought for structural validation.
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50. SECTION NUMBER: 3.4.5 Maximum Thermal Stress
PAGE NUMBER: 3-42

This section fails to consider the thermal stresses produced by the
difference in the axial expansion between the copper fins in the neutron
shield region and the shells to which it is attached.

RESPONSE: This comment will be considered during final design when the
copper fin attachment details are finalized.

51. SECTION NUMBER: 3.5.3 Package Temperatures
PAGE NUMBER: 3-58 Table 3.5.3-1

The calculated temperature of the fuel rod cladding is only 36 F below the
design limit. As noted above (Section Number 3.4.4), all assumptions
regarding the thermal model should be made as accurately as possible and
an uncertainty analysis should be performed.

RESPONSE: This comment will be considered during final design. Also, see
response to comment #47.

52. SECTION NUMBER: 3.5.4 Maximum Internal Pressures
PAGE NUMBER: 3-75 Equation for P.. near middle of page

The pressure of the water vapor in the cask was calculated incorrectly. At the
cask wall temperature of 326°F, the specific volume of saturated water vapor is
4.538 ft/lb. Since this is greater than the specific volume of 1-ft* of water in the
cask cavity (2.17 ft/lb as noted in an earlier comment), the water is a mixture of
vapor and liquid. Therefore, the pressure of the water vapor is the saturation
pressure at 326 F, 97.52 psia.

Since the cask walls act as the condenser in a reflex condenser system, the heat
transfer coefficient at the wall surface should be calculated to ensure that sufficient
heat transfer takes place to maintain vapor condensation.

RESPONSE: The same response as presented for item 49 applies.
53. SECTION NUMBER: 3.5.8 Maximum Thermal Stresses
PAGE NUMBER: 3-77
This section fails to consider the thermal stresses produced by the
difference in the axial expansion between the copper fins in the neutron
shield region and the shells to which it is attached.

RESPONSE: This comment will be considered during final design.
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54.

S8.

SECTION NUMBER: 3.5.6 Evaluation of Package Performance for the
Hypothetical Accident Conditions
PAGE NUMBER: 3-81 First paragraph

Because of the concem expressed above about possible unconservative
assumptions, the thermal analyses are not considered conservative.

RESPONSE: Appropriate design consideration will be made during final design to

deem the thermal analyses conservative beyond any reasonable
doubt.

4.0 CONTAINMENT

SECTION NUMBER: 4.1.]1 Containment Vessel
PAGE NUMBER: 4-2

The need for the rupture disk is questioned, and the resultant possibility that
it could fail at a pressure below its design failure point of 700 psi. We agree
with the need to include residual water in the maximum pressure calculation,
and the quantity of residual water present (1 cubic foot) is quoted as having
been previously observed with large casks. The concern arises from the
realization that the area around the rupture disk will be below the saturation
temperature of the water present in the cask. Thus, the rupture disk is likely
to be consistently immersed or coated with liquid water raising the concem
over corrosion in the region of the rupture disk assembly.

An alternative is to determine if a change in operating procedures - such as
vacuum drying the cask for longer periods of time or initiating the vacuum
drying after the cask has partially heated up, would lower the residual
amount of water present in the inner cavity. The result of either evaluation
may provide a justification for eliminating the rupture disks. If the rupture
disks must stay, there should be an extensive discussion of the transport
experience with rupture disks, the maintenance requirements and the
assurances that can be given that the rupture disk will not release material
at below its design failure point.

RESPONSE: The design pressure is conservative at this stage of the design.

Maximum realistic design pressure will be performed in final design.
Several methods of cask draining/drying are being considered which
may allow removal of the rupture disk. NuPac has extensive
experience with the IF-300 cask which contains such a disk. Our
decision as to how the cask will be drained and dried will be made
early in the final design phase.
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56. SECTION NUMBER: 4.1.2 Containment Penetrations
PAGE NUMBER: 4-3

The leakage from the cask should be related to A, quantities as specified in
10 CFR 71.51 (a).

RESPONSE: Since the cask carries material with very low A, values, a leak tight
design of 10* scc/sec was chosen. NuPac will address this in the
final design phase.

57. SECTION NUMBER: 4.1.2 Containment Penetrations
PAGE NUMBER: 4-3

The rupture disk is one of the containment penetratiohs but there is no
discussion of the leak tests that will be performed on the rupture disk to
insure that no leakage past the disk is occurring.

RESPONSE: General leak testing of the rupture disc is discussed in section 8.1.3.4.
Specific tests will be detailed in the cask operating and maintenance

procedures.

58 SECTION NUMBER: 4.1.3.1 Seals
PAGE NUMBER: 4-3 First sentence in paragraph

The sections in which the seals affecting containment are described should
be referenced by number.

RESPONSE: This will be correctsd by referencing section 4.1.1.

88. 5.0 SHIELDING

SECTION NUMBER; 5.1 Discussion and Results (Shielding Evaluation)
PAGE NUMBER: 8.1 Last paragraph

The statement that only slight changes in the shield will occur under
accident conditions may be true for cask drops, but may not be true for the
hypothetical fire accident. Generally, the fire is assumed to destroy the
neutron shield.

A discussion of the fire accident should be presented which provides
justification for assuming that the neutron shield remains functional.
Alternately, shield calculations with the neutron shield removed from the
cask model should be performed and the missing dose rate values in Table
5.1-1 should be supplied.
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60.

8l.

RESPONSE: Preliminary calculations showed that normal operational dose rates

are bounding over the accident cask dose rates. Results of the
accident case dose rates will be provided during final design
analysis.

SECTION NUMBER: 5.2 Source specification
PAGE NUMBER: 5-5

The activation products associated the fuel assembly hardware appear to
have been homogenized with the fuel for the shielding analysis. The
principal contribution of activated hardware to the gamma source is
associated with the fuel assembly end fittings. Their homogenization with
the fuel could substantially underestimate their contribution to external dose
rates. A more appropriate model would incorporate the end fittings as
discrete sources at the ends of the fuel region, with additional dose
measuring points at the side of the cask in the region of these sources.

To determine the fittings’ contribution to the dose rate at both the side and
ends of the cask, additional gamma shielding calculations should be
performed with the fuel assembly end fittings modelled as discrete sources
at the ends of the fuel.

RESPONSE: The activation products were accounted for in calculating the dose

on the ends of the cask. For the final design the approach suggested
will be utilizsed.

SECTION NUMBER: §.0 Shielding Evaluation
PAGE NUMBER : 8-6, 5-11, §-11, 5-14, 5-22

Correction factors associated with ORIGEN2 initial enrichment differences
are discussed on these pages. The formulation of the correction factors is
inconsistent. For example, the correction found for the PWR gamma source
from Figure 8.2.1.1-1 is 18%, and the correction actually applied is a
conservative 25%. On the other hand, the correction for the BWR gamma
source is 14% which is applied directly without conservatism. A similar
situation exists with the neutron sources. Also, the BWR neutron source
correction is omitted from the summary on page 5.22.

Either the radiation source correction factors should be applied consistently,
or the rationale for treating the PWR and BWR corrections differently should

be given.
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RESPONSE: For PWR fuel, the correction factor of 18% was for 3.2% enriched fuel.
The 28% correction factor corresponds to 3.0% enriched fuel. The
radiation source correction factors are consistant between PWR &
BWR fuels.

62. SECTION NUMBER: 5.2.1.1 PWR Fuel (Gamma Source)
PAGE NUMBER: §-8 Last paragraph

A symbol (phi) is referred to in the text, but does not appear in Table
5.2.1.1-1. Also, the value 0.375 MeV should be 0.0375 MeV.

RESPONSE: Will show columns represented by phi and will change 0.378 to
0.0378 in the final issue of the PDR.

63. SECTION NUMBER: 5.3 Model Specification
PAGE NUMBER: 8-16

Flux-to-dose conversion factors should be based on ANSI/ANS-6.1.1-1977.
It should be demonstrated that the flux-to-dose conversion factors presented
in Table 5.3.1 are equivalent to those of ANSI/ANS-6.1.1-1977.

RESPONSE: Flux-to-dose conversion factors are equivalent to ANSI/ANS-6.1.1-
1977. It will be demonstrated that conversion factors are equivalent

in the final design phase.

64. 6.0 CRITICALITY

SECTION NUMBER: 6.0 Criticality Evaluation
PAGE NUMBER: 6-2 First Paragraph

It may be useful to consider the 140-B Cask as Fissile Class I package.

RESPONSE: Yes, the NuPac 140-B Cask could be likely classified as a Fissile
Class I Package. However, additional criticality analyses must be
performed to reach this conclusion. It should be emphasized here
that Nuclear Packaging, Inc. is not contractually required to
demonstrate the nuclear criticality safety qualification of the cask to
be a Fissile Class [ Package. But, we will aim toward this direction

in our criticality safety analyses for the final design.
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65. SECTION NUMBE .2 Package Fuel loading ‘
PAGE NUMBEF. -2 First paragraph

The first paragraph states that "canisters of consolidated fuel with the same
external cross section... are also expected to be an acceptable payload...".
It should be demonstrated by calculation that this is, in fact, true.

RESPONSE: Criticality s© - analyses for consolidated fuel option will be
analyzed in ue final design to confirm our claims.

66. SECTION NUMBER: 6.3.1 Description of the Calculational Model
PAGE NUMBER: 6-9 Second paragraph

It is stated that "hypothetica. :cident condition analyses als: issumes intact
fuel assemblies. This is conservative since the normal pitch of a fuel
assembly is at or near the maximum K, pitch." It should be demonstrated
that the as-designed pitch yields the highest K. If it doesn't, rod spreading
for accident conditions should be considered.

RESPONSE: Reference to NUREG-0612 "Control of Heavy Loads at Nuclear Power
Plants" has been added to the PDR to support the last sentence.

67. SECTION NUMBER: 6.3.1.1 Models Used for PWR Fuel Assemblies in the
Cask
PAGE NUMBER: 6-10

It appears that the neutron shield is assumed to remain intact for the
accident calculation. it should be demonstrated that the neutron shield
would remain intact during and after the hypothetical fire. If the neutron
shield would be destroyed by the fire, then the cask should be modeled with
water in place of the neutron shield.

RESPONSE: Results of the thermal analysis show that the neutron shield would not
be destroyed by the fire.

68. SECTION NUMBER: 6.3.1.2 Models Used for PWR Fuel Assemblies in the
Cask '
PAGE NUMBER: 6-17 Figure 6.3-4

It should be demonstrated that the cask model is conservative or equive ¢
to the actual cask geometry (i.e., curved walls). A more explicit treatr ‘
J

of the cask wall surfaces, perhaps using generalized geometry ing:
KENO, would provide additional confidence in the results.
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69.

10.

71.

12.

RESPONSE: For a single cask model, we expect that there would be very little
differences between the existing KENO model (square cask) and the
actual model (round cask). In the final design, we will model the
cask as closely as possible to its actual configuration. Likewise,
uncertainty evaluations of the k., due to off centered fuel assemblies,
fabrication tolerances, and manufacturing tolerances on the poison
materials will be considered in the final design.

SECTION NUMBER: 6.4.1.1 Calculational method for PWR Fuel

PAGE NUMBER: 6-35 Second last sentence of partial paragraph
It states "an example of a typical KENO-IV input deck is shown as Input
deck 5 in appendix 6.6.2." While Input deck § is a typical input deck, it is
for BWR fuel, not PWR fuel. This should be explicitly noted in order to avoid

confusion. It would be quite useful to include a typical KENO-IV input deck
for PWR fuel, as well.

RESPONSE: Contents of the Appendix 6.6.2 have been completely removed. All
input and output decks performed in this criticality safety analysis are
fully documented in our calculation packages. They can be reviewed
and examined upon request.

7.0 OPERATING PROCEDURES

SECTION NUMBER: 7.1 Procedures for Loading the Package
PAGE NUMBER: 7-2

A step titled "Closing the Cask" should be added after Step (2).
RESPONSE: This has been addressed in the rewrite of Section 7.
SECTION NUMBER: 7.1.2.1
PAGE NUMBER: 7-2

Withdrawal and storage of the personnel barrier/sunshield should be
mentioned in the loading procedure.

RESPONSE: This has been addressed in the rewrite of Section 7.

SECTION NUMBER? 7.1.2.7
PAGE NUMBER:7-3

The sealing surface protection device should not be optional.
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13

14,

18.

16.

RESPONSE: This has been addressed in the rewrite of Section 7.

SECTION NUMBER: 7.1.2.9
PAGE NUMBER,; 7-4

This step should not specify that all fuel element locations in the basket will
be filled. It would be better to state that a cask loading document will
specify the number of fuel elements for each shipment.

RESPONSE: This has been addressed in the rewrite of Section 7.

SECTION NUMBER: 7.1.2.19 to 7.1.2.2]
PAGE NUMBER: 7-§

A step should be added at the appropriate location in this general part of
the loading instructions which moves the cask from the work location (step
7.1.2.13) to the transport vehicle.

RESPONSE: This has been addressed in the rewrits of Section 7.

SECTION NUMBER: 7.2 Procedures for Unloading the Cask
PAGE NUMBER: 7-7

A step-by-step sequence should be given for dry unloading of the cask
mated to a hot cell port. The same level of detain should be provided for
dry unloading as is given for wet loading in Section 7.1.

RESPONSE: Detail Procedures will be written in final design and will be part of

the Casks Operating Manual. A General Cask Handling Procedure
will be included in Section 7 of the SARP.

8.0 ACCEPTANCE TESTS

SECTION NUMBER: 8.1.2 Structural and Pressure Tests
PAGE NUMBER: 8-2

The description of the tests in this section should be made as descriptive as
those presented in Sections 8.1.3, 8.1.4, and 8.1.5.

RESPONSE: In final design the pressure tests will be described in sufficent detail
to meet the regulatory requirements.
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17. SECTION NUMBER: 8.1.2.1 Lifting Device Load Testing
PAGE NUMBER: 8-2 First paragraph

This section should include an indication of acceptable and/or unacceptable
methods for applying the 150 percent load, i.e., placing lead weight in the
cavity, hanging weights from the rotation trunnion, etc.

RESPONSE: NuPac will expand on this section in the final design phase.

78. - SECTION NUMBER: 8.1.6 Thermal Acceptance Tests
PAGE NUMBER: 8-18

The thermal acceptance tests are insufficient. Included should be a thermal
acceptance test of the fabricated cask. Such a test will verify the design
calculations as well as the quality of fabrication.

RESPONSE: Thermal acceptance tests will be added to include this area of
concem in the final design phase.

18. SECTION NUMBER: 8.2.5 Shielding
PAGE NUMBER: 8-28

Periodic testing of the shield may be needed particularly with a lead gamma
shield which can be subject to cold flow. The contractor should consider
the possibility of periodic shield evaluation.

RESPONSE: NuPac will consider this comment in the final design phase.

80. 8.0 QUALITY ASSURANCE

SECTION NUMBER: 9.2 Description of the PNSI, 10CFR71, Subpart H
Quality Program.
PAGE NUMBER: 9-3

A preliminary Q-list should be provided. All items on the Q list must be

graded for their importance to safety. The methods used to determine the
quality assurance categories should be included.
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RESPONSE: XA preliminary Q-List has been provided to EG&G/DOE in response
to contractual requirements. This list which will be provided in the
final design package is in accordance with the requirements for a
graded approach to quality established by NRC and NuPac's QA
program.

8l. SECTION NUMBER: 9.2.]1 Organization
PAGE NUMBER: 9-3 Last Paragraph

It should be indicated to whom the PNSI Corporate Director of Quality
reports within the organization. Include formal organization charts showing
the organizational relationships among relevant groups both within NUPAC
and between NuPac and PNSI.

RESPONSE: The PNSI Corporate Director of Quality reports to the PNSI Chief
Operations Officer (COO). Formal organization charts are not
normally included as part of a design package but are contained in
owr approved QA plan.

82. B.1.0 140-B Cask Ancillary Equipment

SECTION NUMBER: B.1.5.3.3 Vacuum Drying 140-B CAsk Drain/Fill System ‘
PAGE NUMBER: B.1.59

Often as part of a drying procedure the exhaust air is tested to determine
the humidity and is used as a criterion for having accomplished liquid
removal. this may be considered as an addition to the procedure to ensur
a dry cask cavity. '

RESPONSE: The purpose of Vacuum Drying is for evacuating the cask (removal
of air). The cask design permits 1 cubic ft of water to remain.
Another method such as water displacement with inert gas may be
used in final design. This would eliminate vacuum drying. This will
be addressed firther in the final design.

83. SECTION NUMBER: B.1.6 140-B Cask Railcar
PAGE NUMBER: B.1.60

The design appears to satisfy the spirit of the design guidelines. The
following comments are offered:

a. The design shares many design aspects with currently used énd ‘
widely accepted railcar equipment. The railroads and the AAR would
probably accept this railcar.
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RESPONSE:

RESPONSE:

RESPONSE:

RESPONSE:

RESPONSE:

Agree, our preliminary discussions with AAR personnel suggest this
is true.

The length of the railcar for its weight appears to meet the standards
of the Association of American Railroads (AAR). However the railcar
is very close to the minimum weight. NUPAC should run a Cooper
Rating Analysis using the AAR Technical Center Fortran Program
"Moment and Shear Tables for Heavy Duty Cars on Bridges, 1971
Versions'.

The car designer will investigate this concern as part of the final
design.

It can not be determined if the center of gravity complies with the
AAR standards.

The center of gravity is within the AAR requirement of 98" from the
top of rail (AAR Interchange Rule 89 'B* .1.3). Preliminary
calculations show the center of gravity is approximately 94" from the
top rail.

The design appears to make extensive use of readily available, "off-
the-shelf' components. This will help to keep down fabrication and
maintenance costs.

NuPac will continue to use these type of components, whenever
possible, in the final design phase.

The AAR requires that railcars transporting radioactive materials be
fitted with shelf couplers that prevent uncoupling in accidents. The
couplers in Figure B.1.6-1, 140-B Cask - Railcar Assembly, on Page
B.1.63, appear to be standard, non-shelf couplers.

Type E bottom shelf couplers are used in the NuPac design. The
drawings will reflect this configuration in the final design.

The skeletal design could hamper radiological inspection because
there is no working platform alongside the cask.

Removable platforms will be installed at the utility site. Final design
will address how the platforms are attached and used.
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rigging, can be a design problem on skeletal designs regardless of
the commodity for which the car is intended. Spent fuel exacerhates
the problem because the usual placement of this equipment .- ‘he
middle of the car will place the worker attending to the equiprrent in
the area of greatest exposure from the cask surface radiation. The
design should address this problem

g. The placement of brake equipment such as reservoirs, valves, and ‘

RESPONSE: The railcar design calls for truck mounted brake system one for each
set of trucks. The railcar weight in the Preliminary Design Report
includes this weight.

84. C.1.0 SPENT FUEL RAIL SHIPMENT TURNAROUND TIME

SECTION NUMBER: C.1.0 Spent Fuel Rail Shipment Turnaround Time.
PAGE NUMBER: C.1.3, Column 1, Paragraph 2, Lines 4 and 5

The reactor to destination distances used are reasonable representatives.
However, it would be better to use MTU weighted average distances (2,400
miles to the repository and 850 miles for Eastern reactors to an Eastemn
MRS) to evaluate a typical system, or to select a group of reactors covering
a range of distances from about 300 to 3,000 miles to analyze sensitivity.

RESPONSE: Use of reactor to destination distances are beyond the scope of the
existing contract. Section C.] has been re-written to include only
turnaround time estimates for loading and unloading sites.

85. SECTION NUMBER: C.1.0
PAGE NUMBER: C.1.3, Column 2, Figure 2
The load fuel step requires 17 hours, more than half of the total time. A
more detailed breakdown should be provided. The loading sequence
should be consistent with the procedure described in Section 7.1.2.

RESPONSE: Section C.] has been rewritten to provide the suggested time
breakdown.
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86. SECTION NUMBER: C.1.0
PAGE NUMBER: C.1.4, Column 1, Figure 3

The unload fuel step requires 9 hours, almost half of the total time. A more
detained breakdown should be provided.

RESPONSE: See previous response.
87. SECTION NUMBER: C.1.0
PAGE NUMBER: C.l.S,} Column 1, Paragraph 2

’ 'There should be an explanation of how the Brunswick 1| and 2 cask
requirements are scaled up to give the total number of rail casks required.

RESPONSE: Section C.1 has been rewritten to delete the estimate of the total
number of rail casks required.
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A. Section 1

Al

GROUP NUMBER TEN
COMMENTS AND RESPONSES
REVIEWER: P.N STANDISH

Page 1-3, 1.2.1- LG.17.A States that the cask interior and exterior surfaces
should be of sufficient smoothness and contour to ... provide ease of surface
contamination measurement and removal.

Comment - The design of the PWR basket neutron trap provides a large
surface area that can be neither measured nor cleaned.

RESPONSE: The PWR flux trap is a candidate for redesign and will be looked at

A2

closely during final design. It can be cleaned in its present
configuration by mechanical or chemical means at the cask
maintenance facility. This will be done on an annual basis. The
internal portion of the cask body is only cleaned on an annual basis,
if required. The amount of crud contained in a basket between
periods of cleaning is insignificant when compared to the radiation
readings from a spent fuel bundle.

Page 1-3, 1.2.1 & 1.2.2-1.G.4.B States that casks should be designed to
protect spent fuel from mechanical damage during fuel insertion, removal,
and handling operations. The cask basket should be designed to guide the
spent fuel into the basket.

Comment- The .13 x 45 degree chamfer on the top of the basket is not
considered an adequate guide for inserting a fuel bundle into the basket
under 20-25 feet of water. '

RESPONSE: NuPac disagrees, a 1/8 chamfer is sufficient for loading fuel under

A3

water. The PNS IF-300 Cask has a fillet weld all around its fuel cell
which is less than 1/8 chamfer and no problem with loading fuel into
it (64 loads of PWR fuel and over 180 BWR loads) has been
experienced. In addition, significant experience in the design and
use of high density spent fuel storage racks justify the fuel lead-in on
the 140-B basket.

Page 1-4, 1.2.3 1.G.10.G States that the transporters should be provided
with working platforms or decks where practical.
Comment- The design of the railcar does not appear to include either

working platforms or decks for performing smear surveys, radiation surveys,
etc. on the sides of the cask.
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A4

AS

A6

RESPONSE: There is a deck on each end of the car for impact limiter removal.

There is no deck between the impact limiters so robotics can be
used for radiation survey. Portable scaffolding will be used at the
Utilities to provide access to the casks,

Page 1-4, 1.2.3 - .G.11.F States that the transporter should be designed to
channel any spilled contaminants to points off of the transporter for
collection.

Comment- the design of the transporter does not include any method to
channel contaminants to a collection point.

RESPONSE: This will be done in the final design phase.

Page 1-5, 1.2.5 - 1.G.18] States that the closure design should include
features to keep the closure secure to the cask in the unlikely event of a
tipping incident during in plant handling operations.

Comment - It is questionable that the present design of the closure
holddown wedges will keep the closure secured in the unlikely event of a
tipping incident.

RESPONSE: This will be investigated during final design phase. ‘“Tipping"

calculations have been performed to show a positive margin of safety.
It is possible to leave 4 bolts in place (one in each quadrant ) to
prevent the lid from coming off. This method is not the preferred

method, but can be employed if our existing design proves to be
non-feasible.

Page 1-8, 1.3.1 - P.S.2.C States that casks and ancillary equipment shall be
designed in accordance with ALARA radiation exposure principles. These
principles shall be applied using a total system basis considering all
operations of loading, transport, and unloading.

Comment - A number of operations do not seem to be consistent with
ALARA principles. Examples of this include:

a. Installation and operation of the different valve tools.
b. Installation and torque application of the closure lid bolts.

c. Installation and removal of the cask uprighting fixture, if it can
be done.
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RESPONSE: These items have been addressed but were not apparent in the PDR.
Additional emphasis will be applied during the final design phase.
ALARA considerations such as use of auxiliary shielding will be
investigated if necessary.

NuPac is confident that the cask uprighting fixture can be installed
and removed. Design improvements to minimize time to install and
remove the uprighting fixture will be investigated in the final design
phase.

Page 1-8, 131 - PS2D  States that all cask operations from
transporter/cask receipt through transporter/cask release shall be capable
of being accomplished using remote, remote-automated, and contact or
"hands-on" techniques.

Comment - The following design features of this cask do not appear to be
very conducive to the use of remote or remote-automated handling
equipment

a Impact limiter installation and removal

b. Uprighting fixture installation and removal

c. Cask tiedown clamp installation and removal
d. Release of the longitudinal restraint wedges
e. Installation and operation of the cask valve tools.

RESPONSE: Detail design for remots-automated operations will be done in final
design based on yet to be supplied DOE specifications for interfaces
for remotes-automated techniques. (see SOW page c-B-4 item 2-D).

Page 1-8, 1.3.1 - P.S.2E States that all system components that potentially
can come in contact with radioactive material shall be designed to limit
surface contamination and weeping of the cask surface and for ease of
decontamination.

Comment- the following design features of this cask do not appear to
prevent surface contamination

a Open threaded holes in the cask lid and the cask body |

b. The valve openings or the unsealed threaded valve cap ‘
penefrations.
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AS

Al0

RESPONSE: NuPac's 18 years experience in rail cask operations at reactor and

fuel storage facilities uniquely qualify us to provide designs and
surface controls to MINIMIZE contamination and weeping. This
experience will be applied during the final design at which time the
expressed concerns will be addressed.

Page 1-8,1.3.1 -1.G.16.A States that cask design should incorporate features
to allow for cavity draining, drying, sampling, leak testing, and spent fuel
cool down using contact, remote, and remote automated methods.

Comment - It seems to me that remote or remote-automated installation and
operation of the cask valve tools will be extremely difficult. Also, I do not
consider filling and then draining the cask to be a reasonable method for
cooling down hot fuel assemblies, if cool down is necessary. In addition, it
would be very difficuit to do that operation in a hot cell using the existing
valves. It would seem that there would be a fill valve at the top and then
drain from the bottom.

RESPONSE: Cask cool down requirements will be investigated during the final

design phase. How this is to be accomplished will depend on the
cool down method to be used at the MRS/Repository such as heated
water, steam, or gas. A cool down operation may not be required for
Dry Hot Cell operation, however the cask must be vented to relieve
internal pressure prior to unbolting the lid.

Page 1-8, 1.3.1 - 1.G.18.B States that casks should have a surface capable
of being sealed to a hot cell enclosure for loading/unloading operations. A
study shall be performed and a recommendation by the contractor on the
location and operation of this surface during the preliminary design phase.

Comment - There is no evidence of a recommendation by the Contractor of
the location and operation of the sealing surface.

RESPONSE: NuPac’s cask sealing surface design recommendations were

submitted in a letter to DOE on October 17, 1988. Reference to this
letter and a discussion of the sealing surface design will be included

in the Final Design Report.
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All Page 1-10. 1.3.3 - L.G.14.A States that removable impact limiters should be
compatible with contact, remote, and remote-automated handling methods.

Comment - It is not apparent whether these impact limiters can be removed
and installed other than by contact handling.

RESPONSE: Our intent is that remote and/or remote-automated handling methods
be used on basic cask operations. The final details as to how this
will be accomplished will be addressed during final design.

Al2 Page 1-10, 1.3.3-1.G.14.E States that impact limiters should include features
to allow for periodic in service examination of energy-absorbing materials
which may degrade during the cask lifetime.

Comment - It is assumed that the foam installation opening covers are not
permanently attached to the impact limiter body. If that is not true, then
access will need to be provided.

RESPONSE: Foam installation covers are permanently installed. The foam vent
covers can be removed for inspection.

Al3 Page 1.10, 1.3.3 - How does an operator know that the impact limiter ring is ‘
in the cask lid groove?

RESPONSE: This will be addressed during final design and may be done by use
of point match marks on the cask Note: the engagement has a depth
of 1 1/2

Al4 Page 1-10, 1.3.3 - Do you show that the impact limiter remains on during the
hypothetical accident drop conditions? I could not find any indication that
at the end of the drop analysis or at the beginning of the thermal analysis
that the impact limiter is shown to remain attached to the cask. You rely on
that for thermal protection for the seals.

RESPONSE: The impact limiters and attachments are designed such that the

impact limiter will remain attached to the cask during accident drop
conditions. This will be verified during scale drop testing.

AlS Page 1-10 - How do you evacuate the volume between the O-rings?

RESPONSE: This is accomplished with a vacuum pump, through the test port. ‘
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‘ A16 Page 1-12 - The narrative identifies rupture discs but the drawing shows only one,

Al7

Al8

Al9

which is it?

RESPONSE: At the present time only one rupture disc is used.

Page 1-28 - In Section 1.3.19, First bullet, it is stated that it must be possible
to visually inspect the seal surface after loading fuel into the basket but prior
to installing the lid. This will be quite difficult under 20-25 feet of water,
especially after the cask is loaded and the pool water has a lot of
suspended particulate. [ would think it would make more sense to clean
and inspect the seal surface before loading and then protect

' the surface during loading. Also, how do you intend to monitor debris as

the cask is being loaded and then be able to remove it, as you state?

RESPONSE: Seal surface protectors will be used at the loading sites. Seals (o-

rings) will be inspected at the loading site while the head is out of
the pool. After fuel loading the procedure will have a step requiring
an inspection for and removal of debris. This is the current practice
used with the IF-300 and debris has been removed both at the
loading site and GE Morris Facility (such things as broken glass,
pens, self reading dosimeters, etc. have been found).

Page 1-20 In the last bullet you refer to personnel at the repository wearing
protective clothing during handling operations. It is intended that the use
of remote and remote automated equipment be used at the repository to the
maximum extent possible because those operators are going to be handling
casks most of the time. Even working in a 2 mrem per hour field could
result in a yearly exposure of up to 4 rem, which is way too much.

RESPONSE: The requirement for use of protective clothing will apply when

contact work is required.

General comment on Section 1.3.19 - There are a number of things that
NuPac is going to do, many of which are identified in the performance
specifications and Interface Guidelines. Why weren'’t these things identified
first and then used as criteria for the designers? Also, how can I feel
comfortable that these items will get done before it is too late, when they
were not done at the appropriate time, for the preliminary design. I do not
feel that NuPac will have more time to change these things in a final design
than they did to initiate the preliminary design.
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RESPONSE: NuPac has performed many analyses and reviews which are not
included in the PDR. These reviews were and are being done to
address the concems expressed here and to address comments
resulting from internal NuPac reviews. Cask operational experience
not utilized during the early phases of the prelimenary design is now
being applied which will make the cask more useable.

A20 General comment on Section 1 - It would be helpful if in the appendix to this
section or another more appropriate section, you included available NuPac
procedures, like the load test procedure.

RESPONSE: Specific NuPac procedures will be included in the final design report.
B. Comments on the Preliminary design Drawings in Section 1

B.l Cask Body - What holds the wire spacer in place? Can it drop due to
differences in thermal expansion? Is ASTM A182 XM-19 the same as FXM-19
as far as ASME is concerned?

RESPONSE: The wire is tack welded in place during fabrication. The ASTM A182
XM-19 and the ASME FXM-19 are identical materials. ‘

B.2 Cask Body - LG.17.E States that all bolt holes for attaching closure head,
valve covers, etc., and access ports should be designed to limit residual
contamination and to prevent "hydraulic lock" of the fasteners.

Comment - The design of the cask lid and lid attachment method does
nothing to limit residual contamination in the threaded valve covers and
threaded lift penetrations or prevent "hydraulic lock" of the fasteners.

RESPONSE: The "hydraulic lock” problem is well understood by NuPac as well as
the decontamination problems. These concermns are being addressed
and details as to how they will be handled will be included in the

final design package.

B.3 Cask Lid - .G.18.C States that cask closure designs should be operable
using contact, remote, and remote automated concepts.

Comment - The design of the cask closure does not lend itself to remote
and remote-automated operations. As the cask lid lifting fixture is the cask
lifting yoke, this device does not lend itself for use when the cask is sealed
to the hot cell enclosure.
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B.4

B.5

B.6

RESPONSE: A special cask lid removal device will be designed for Hot Cell

Operation. A specification of interface requirements from DOE is
needed to complete the application of remote-automated concepts.

Cask Lid - I.G.18.E States that the closure lid alignment, installation, and
connection should be easily and quickly accomplished...

Comment - the present means for aligning the cask lid allows installation in
two orientations. However, the valve penetrations are on one side of the lid.
if automated techniques are used at the repository for gas sampling and leak
checks, the valves need to be on the same side every time.

RESPONSE: The final design will allow the head to be set in only one location by

keying off the guide pins located at different angles.

Cask Lid and Cask - I.G.18.H States that alignment marks visible from
above a cask in a vertical position must be placed on the cask body and
closure head.

Comment - There are no alignment marks on the cask body or the closure
lid.

RESPONSE: Alignment marks will be shown in final design drawings.

Cask lid - 1.G.16.B States that the number of auxiliary penetrations should
be minimized and all should have double-closure protection and leak-test
capabilities and be operable using contact, remote, and remote-automated
techniques.

Comment - The rupture disc and vent plug do not have double containment.
In fact, when the vent debris cover is removed the cask is vented to the
atmosphere. It also is not apparent what the techniques are for remote and
remote-automated operation.

RESPONSE: The leak test capabilities exist in the present design. The valve

design is the same as the drain fill. The debris shield is the second
closure. The rupture disc can not have a double closure. The
techniques for remote and remote-automated operation will be

addressed during final design.
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B.7

B.8

B.9

B.10

Cask Lid - 1.G.16.C States that all penetrations and valving should be
designed to limit the accumulation of particulate residue.

Comment - The drain port has the capability to accumulate about 10 cu. in.
of particulate residue which could result in a high does rate at the drain
valve. I do not consider that to be minimized Also, how does that get
cleaned? the design of the rupture disc, and the vent valve also have
potential traps for particulate residue which could then weep during transit.

RESPONSE: The method of draining the cask cavity will be changed to utilize
pressurized gas to force the water out. This method will minimize
residue build up.

Cask Lid - LG.16.E States that auxiliary penetrations serving different
purposes should have dissimilar fittings to prevent errors in hookup,
sampling. etc.

Comment - The vent and the spool plug penetrations on the cask lid have
the same fitting configuration. In addition, the drain fitting configuration is
only different in thread pitch but has the same diameter. An operator might
possibly think that it was just a tight fit and try to put the wrong one on

anyway.

RESPONSE: The differences in penetration connections will be clarified during
final design.

Cask Lid - The valve debris covers need to be retained or they will get lost.

RESPONSE: NuPac disagrees - A small cover connected with a safety chain could

be damaged while the cask is going in or out of fuel pool.
Administrative controls can be applied to prevent loss of the covers.

Cask lid - Are the lid bolts chrome plated? It is not good practice to have
304 stainless steel bolts in threaded hole in 304. this applies to:

a. debris covers to lid
b. actuator to spoon valve

RESPONSE: - No, these are cadmium plated low alloy steel bolts
-NuPachwrymnofgaﬂhgboﬂnensﬂhﬂmswelandwﬂl
address this during final design.
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B.11

Cask Lid - Is there to be a sequence to tightening the closure lid bolts? If
so, at least it should be stated.

RESPONSE: Yes, this will be discussed in detail in the final design phase.

B.12

Cask Lid - I.G.18.K States that bolt or nut heads must have verticle and/or
lateral access for a socket wrench, torque multiplier or automated
tightening device.

Comment - The present design meets these interface guidelines, However,
there are not any provisions for handling the fasteners using automated
methods.

RESPONSE: Automated methods have been considered and will be clarified in

B.13

final design.

Impact Limiter - On sheet 1, add A276 to material listing.

Need to have a brazing note on drawing.

Do not see tracks for the sunshield.

Does not appear to be room under the impact limiter for the dolly.

How is the impact limiter supported on the rail?

It seems that an elaborate lifting fixture is needed to install, remove, pick up,
etc. The impact limiter. Suggest making it so that the impact limiter can

be picked up by some common lifting device. Sheet | identifies
ASTM A260 and other sheets identify ASTM A269, which is it? the ASME
Code welded tube is A688. Need to

show other materials on sheet | of the two drawings, like A240, A276, etc.
if the fabricator uses ASTM A276 for bar stock, it is not an
ASME Code P-8 material and the welding may have to be qualified details.

RESPONSE: The specifications as to how various operations are performed are

C. Section 3

C.l

sometimes beyond the scope of preliminary design. We are
confident that the NuPac design can perform as stated. The specific
details of these operations will be clarifled during final design.

Page 3-55 Section 3.5.1 - In the last paragraph you identify that the borated-
silicone is self extinguishing and no deleterious gaseous char products have
been reported. You do not make the same statement for the polyurethane
foam. Is that material self extinguishing also?

RESPONSE: Yes, the material is self extinguishing per 14 CFR 28.883a testing.

Carbon monoxide is the primary chargaseous product of concem;
however, in an open environment deleterious concentrations probably
would not be of concem.
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D. Section 7

D.1 Page 7-2 Section 17.1.1 - Inspection of the fuel assemblies can only provide
fuel bundle serial number and exterior fuel bundle condition. All other items
identified in this section are paper checks that should be done well in
advance of the shipping campaign.

RESPONSE: Agree, section 7 has been rewritten for the Preliminary Design Report
(PDR).

D.2 Page 7-2 Section 7.1.2 - Need to remove the sunshield before removing the
impact limiters. Also, it is easy to just say "attach the uprighting fixture to
the railcar" but doing it will be something else. How does the uprighting
fixture attach to the railcar, and what equipment is necessary to get it in
place.

RESPONSE: Agree, section 7 has been rewritten for the Preliminary Design Report
(PDR). Specific details as to "how" something may be done will be
clarified during final design.

D.3 Page 7-3 Section 7.1.2.2 - How do you purge the cask with only the vent
opening?

RESPONSE: Section 7 has been rewritten for the Preliminary Design Report (PDR)
and contains a brief outline of various operational procedures.
Detafled procedures, such as for cask purging, etc., will be written
during final design.

D.4 Page 7-3 Section 7.1.2.3 - Why do you wash the exterior of the cask after
you open the vent port?

RESPONSE: Section 7 has been rewritten for the Preliminary Design Report (PDR).
See the response for D.3.

D.5 Page 7-3 Section 7.1.2.4 - This step covers cask lid removal which makes
the contaminated cask open to the atmosphere and the operators. In
Section B.1.1.3 it identifies that the cask lid is removed after the cask is
placed in the pool using the cask lifting fixture. Which is correct?
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RESPONSE: The cask lid will be removed in the poal or Hot Cell. The only time
it will be removed outside the pool will be at a maintenance facility
or if a problem arises at the reactor and special radiation and
contamination procedures would have to be used. NuPac is well
aware of the radiation field in large casks after use based on IF-300

operating experience.

D.6 Page 7-3 Section 7.1.2.5 - If Section B.1.1.3 is correct, which it probably is,
then this Section is totally incorrect. Then the question is, when are the
things that were done in Section 7.1.2.5 done?

RESPONSE: Section 7 has been rewritten for the Preliminary Design Report (PDR).
See the response to D.3.

D.7 Page 7-3 Section 7.1.2.6 - Some of the facilities use demineralized water to
flush and I do not believe that these facilities would want to put their demin
system in the same line with contaminated water under pressure. It would
seem that filling the cask should be done from the top with and overflow to
determine when the cask is full.

RESPONSE: NuPac is very aware of facility requirements and that they vary site
to site. The IF-300 fills from the bottom and filling starts with the vent
valve open and vented to a HEPA flilter or suitable air vent for venting
airtborme gas. A check valve has been required at some facilities on
the demineralized water supply.

D.8 Page 7-3 Section 7.1.2.7 - Again, if Section B.1.1.3 is correct, then the sealing
surface protector cannot be installed at this time.

RESPONSE: Section 7 has been rewritten for the Preliminary Design Report (PDR)
and will include proper time for installing seal surface protector
device on the cask (in pool after head removal).

D.9 Page 7-4 Section 7.1.2.11 - Do not put vacuum grease on the adjoining
sealing surfaces on the cask lid. This will not provide any benefit and will
only attract particulate that is suspended in the pool water. Particulate that
ends up between the seal and the sealing surface will probably result in
failing the leak test.

RESPONSE: NuPac is very aware of the bad effact of using excess grease on the
seals. The use of grease will be minimized and will be addressed in
the Operating Manual during final design.
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D.10 Page 7-4 Section 7.1.2.12 - How do you ensure the cask lid locking‘
equipment is in place and is secured under 20-25 feet of water?

RESPONSE: Visual indicating flags would show position.

D.11 Page 7-4 Section 7.1.2.13 - 1.G.16.G States that the cavity draining should
include a capability for visual or remote verification.

Comment - This feature is not identified.

RESPONSE: - If vacuum drying is used the vacuum gage is the way of verifying
the cask is dry.
- I the cask _. drained by applying gas pressure (20 psig) to vent,
there are ways (dependent on the reactor site) which can be used to
nots the change from liquid to gas, such as draining back to poocl
and observing (looking) for gas bubbles. This method has been
used on the IF-300 at most locations.

D.12 Page 7-4 Section 7.1.2.14 - The instructions here state to torque bolts to
1300-1400 ft.-lbs. While the drawing identifies a torque of 1200-1450 ft.-1bs.
Which is correct?

RESPONSE: Section 7 has been rewritten for the Preliminary Design Report (PDR)
using a torque of 1200-1480. Note: Torque has no effact on sealing
the cask because O-rings are bore seals.

D.13 Page 7-4 Section 7.1.2.15, 16, & 17 - These sections describe the operations
for vacuum drying the cask interior. First the drain port plug is closed, then
the vent port tool is installed, and then the vacuum pump is installed and the
cask cavity pressure is reduced to below | psia by a vacuum pump capable
of achieving a pressure of 1 psia. First, I don’t know how that will happen.
Then, in accordance with section B.1.5.3.3, for drying the cask, the vent
assembly is removed and the cask vent port closed. The vacuum pump is
then operated and the vacuum drying takes place through the drain valve
consistent with Figure B.1.5-1. There is an inconsistency. In addition, are
there any tests or verifications to assure that the cask cavity is dry?

RESPONSE: Section 7 has been rewritten for the Preliminary Design Report (PDR)
and will revise the section on vacuum drying. The cask is
considered dry when less than 1 cubic foot of water remains and
mummmmmmmhmm’
discharged instead of water.
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D.14 Page 7-5 Section 7.1.2.16 - L.G.16.I States that the ...capability to perform a
flowing gas sample should be available.

Comment - This feature is not apparent in the design.

RESPONSE: NuPac believes gas sampling would be done using a vacuum bottle
attached to a vent port. However a flowing gas sample technique
will be part of the Operating Manual furnished in the final design

phale_ (only the repository or MRS would do gas sampling).

D.15 Page 7-5 Section 7.1.2.18 - If the vent port is closed then how is the inert gas
put into the cask cavity?

RESPONSE: Section 7 has been rewritten for the Preliminary Design Report (PDR)
showing inerting being part of the draining cycle.

D.16 Page 7-5 Section 7.1.2.19 - Is there a leak check done on the rupture disc
port?

RESPONSE: Yes, annually or at time of replacement, whichever is less.

D.17 Page 7-6 Section 7.1.2.24 - Install the cask labels in accordance with 49 CFR
172 Subpart E. This is to be done prior to installation of the
sunscreen/personnel barrier.

RESPONSE: Section 7 has been rewritten for the Preliminary Design Report (PDR).
See the response to D.3.

D.18 Page 7-7 Section 7.2 - Cask unloading at the repository will be done in a hot
cell using remote, remote automated equipment to the maximum extent
possible. With the full cask, the unloading procedure will be significantly
different. There is no way that the cask lid will be removed unless the cask
is sealed to the hot cell enclosure. How do you propose to remove the cask
lid in the hot cell? The present lid lifting system cannot possibly be used
at the repository where the top of the cask must be sealed to the hot cell
enclosure.

RESPONSE: A special head removal system will be designed and furnished for the
Hot Cell based on interface requirements which will be provided by
DOE. This will be done in the final design phase.
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E. Section 8 ‘

E.l Section 8 does not address maintenance and testing of auxiliary equipment.
That should be included in the section.

RESPONSE: Detailed maintenance and testing of ancillary equipment will be part
of the Maintenance Manual furnished in the final design phase.
Lifting equipment will use ANSI STD. 14.6 for test requirements and
any DOE supplied requirements. (Note: Lifting gear is a reactor
technical specification item and these will have to be addressed pri-r
to supplying this equipment to a specific reactor).

E.2 Page 8-1 - Acceptance testing requirements are also defined in DOE Orc
and they should be addressed.

RESPONSE: Acceptance test requirements will be contained in the Opertions and

Maintenance Procedures.
E.3 Page 8-2, 8.1.2.1 - In the first paragraph, 90.054 pounds should be 95,054.
RESPONSE: Correct, will change “90.084 pounds" to "98,084 pounds". .
E.4 Page 8-19, 8.2.1 - DOE Orders require periodic load testing of lifting

equipment and lifting attachments.

RESPONSE: All such equipment will be inspected and/or tested in accordance
with regulatory requirements.

E.S Page 8-22, 8.2.2.3 - Is there any check to assure that the rupture disc is
function properly?

RESPONSE: Noﬂumpﬂmdhchhcbryco:ﬂﬂod.visuﬁﬂyimpectedandleak
tested annually or at time of replacement.
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F. Section B.1

F.l

F.2

F.3

F.4

F.5

Page B.1.5 Section B.1.1 - Do not consider it time effective to have to change
the trunnion stirrups twice during every loading operation. Also, is there a
provision on the lifting fixture that precludes an operator form attempting to
lift the cask, especially in the pool, with only one stirrup engaged and the
other stirrup against the side of the trunnion?

RESPONSE: Agree. This will be changed in final design and provisions will be
added to prevent lifting of the cask with only one stirrup engaged.

Page B.1.5 Section B.l.1 - What do the wedges do when the cask is set
down in the pool, the lifting fixture disengaged from the cask and the lid
lifted off the cask? I think there is some slack in the closure lid bolts and
the lid will drop some, do the wedges follow? If they do, they may interfere
putting the cask lid back on or reengaging the stirrups with the trunnions.

RESPONSE: The wedges are pnsumatically moved into the lock and unlock
positions. This will be clarified during final design.

Page B.1.6 Section B.l.1.1 - The lifting fixture will not be used at the
repository for handling the cask closure lid. A different lifting fixture will
have to be provided. The lifting fixture also may not be used to secure the
lid in place during vertical transfer operations.

RESPONSE: A special head removal system will be designed and furnished for the
Hot Call based upon interface requirements to be supplied by the
DOE. This will be done in the final design phase.

Page B.1.7 Section B.1.1.2.7 - With the lid blocking hardware attached to the
lifting fixture in a fixed orientation, in the unlikely event that the cask tips, it
would seem that the blocking feature would become ineffective.

RESPONSE: The lid blocking mechanism prevents the lifting stirrups from
disengaging. Thus, if the cask tips, the lid will be captured by the lift
fixture. This will be clarified in the final design phase.

Page B.1.9 figure B.1.9 - I assume this lifting fixture will function under water.
It will, however, be nearly impossible to decontaminate when it is necessary
to be shipped from one reactor site to another.
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F.6

F.7

F.8

RESPONSE: Agree, complete decontamination to allow ‘free-shipment" may not be

practical so reusable boxes will be furnished as part of the final
design so that the yokes can be shipped LSA on exclusive use
trucks. This is the way it is done for the IF-300 lifting equipment.
The use of Type A containers will be investigated during the final
design phase, which would permit these to be shipped in normal
freight.

Page B.1.21 - B.1.2.1 - 1.G.11.B States that transporter mounted tiedowns
should, where practical, be integrated with the methods and equipment that
will be used for laying down and uprighting the cask on its transporter.

Comment - It is recognized that the cask tiedowns are an integral part of the
cask support structure. However, the equipment used for laying down and
uprighting the cask is not an integral part of the cask support structure.
This means that there is one additional piece of equipment to track and to
move from utility to utility when a shipping campaign changes.

RESPONSE: Agree, but at the present time the railcar weight limitations do not

permit this equipment to be part of the railcar.

Page B.1.21 - B.1.2.1 - L.G.11.F States that to simplify remote receiving
operations, the direction of travel during removal of tiedown system
components should be in the upward or outward direction, and access
should be from above or from the side.

Comment - The direction of travel for the cask tiedown is upward and
outward and there is access from above and from the side. However, I did
not see any provisions for handling and operating the tiedown clamp
remotely. ’

Page B.1.46 - B.1.3.2- P.S.2.F States that all removable ancillary components
of the cask shall be located in readily accessible and low exposure areas
and be attached using easily operable mechanisms.

Comment - It does not appear that the installation and removal of the cask
uprighting fixture can be done using easily operable mechanisms. In fact,
it appears that it is not even possible to install or remove the uprighting
fixture. In addition, it does not appear that there are any provisions or
equipment for handling the uprighting fixture.
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F.9

F.10

RESPONSE: All of the concerns expressed in this comment have been addressed

internally by NuPac and will be clarified during the final design
phase.

Page B.1.51 - B.1.4.1 - 1.G.19 States that all cask ancillary equipment
normally transported with the cask should be operable and replaceable
using contact, remote, and remote automated techniques.

Comment - It is questionable in my mind whether the sunshield, impact
limiters, and cask tiedown clamps can be operated either remote or remote-
automated.

RESPONSE: NuPac is confident that all these operations can be operated

remotely or remote-automated. This design will be redefined in the
final design phase to clarify our design based upon DOE furnished
interface information.

Page B.1.7-16 Section B.1.7.8 Cask Lid - .G.18.F States that the ... Closure
lifing equipment should be designed to prevent inadvertent lifting of the
cask and for quick and easy attachment to the components.

Comments - The design of the closure lifting equipment does not prevent
inadvertent lifting of the cask even though the lifting fixture is designed to
lift the cask. Also, it appears that it is also possible to lift only one side of
the cask if one of the cask trunnion stirrups engages the trunnion.

RESPONSE: - The head lifting bolts will be re-designed during final design phase

to have a ultimate load less than the cask weight so they will break
prior to cask lift. (Note: this is the same requirements used on the IF-
300 head lifting cables)

- Visual verification of trunnion engagement will be done and the
method for verifying this step will be clarified in the final design
phase and detailed instructions will be included in the operational
procedures.
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G. Section C.1

G.1 Page C.1.3 - Do not reference Yucca Mountain as the site for the repository
as it is only under study, at this point. And do not use Oak Ridge, TN as the
site of the MRS as it has been specifically excluded from being the MRS
site. You only need to refer to the repository and the MRS, if there is one.
In addition, it is not necessary to try to develop total cycle time and cask
fleet size as fuel is going to be delivered from many locations. There are
several studies going on that are trying to develop criteria to establish the
cask fleet size. Your responsibility is to try and develop a cask design that
will meet the facility turn around times identified in the RFP.

RESPONSE: Section C.] has been re-written to include NuPac's extensive
experience in realistic cask turn around times based upon first hand
use of rail-mounted casks.

G.2 P.S.2B States that the cask turnaround, the time between receipt and
release shall be minimized with the design goal at the repository of less that
12 hours and less than 18 hours at utility reactors.

Comment - Figure 2 shows 30 hours loading time at a utility and there are
a number of tasks not identified in the figure that are identified below that
will add significantly to the time. It appears that this performance
specification will not be met.

RESPONSE: Same as response in G.1.

G.3 The loading time shown in figure 2 does not include many items that need
to be done prior to shipping. Some of these items that you have identified
on page C.1.2. There are still others like smear and radiation surveys when
the cask is removed from the pool, vacuum drying, and purging with inert
gas. Some of these items and the ones mentioned on page C.1.2 will add
6-12 hours, or more to the loading time. In addition, I do not feel that you
can reasonably estimate the unloading time at the MRS or the repository
until more is known about the design of these facilities and the degree of
remote and remote-automated equipment usage is better known. It will
definitely be much different than the loading operation.

RESPONSE: Same as response in G.1.
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Comment:

DRR-CSDP-0028

GROUP NUMBER ELEVEN
COMMENTS AND REPSPONSES
REVIEWER: H.K. PETERSON

The brevity of Section 5.0, Shielding Evaluation, undoubtedly reflects the
preliminary nature of the design report. The shielding analysis considers
the source to be evenly distributed throughout the cask internal cavity
volume, which, in most cases, is a valid generalization. The final design
should discuss some aspects that are not mentioned in the PDR. The
additional aspects are:

a)

RESPONSE:

b)

RESPONSE:

The effect of axial peaking of the fission product distribution
along the length of the fuel rod. (This peaking can be as high as
1.3 to 1.5 times the volume-smeared average density.)

The effect of axial peaking of the fission product distribution
along the length of the fuel rod was accounted for by multiplying
the radial dose rate results obtained with homogenized source
region evenly distributed ‘n the cask inner cavity by a factor of
1.08. This factor is for spe: - fuel aged 5 years or longer (Page 5-
22 of the PDR). Use of this t_.tor has been accepted by the NRC in
the past for spent fuel storage systems. Normally the higher
peaking (1.3 to 1.5) is obtained in the beginning-of-life
irradiation of the fuel assembly. For higher burnups similar to the
OCRWM cask designs, the fuel assembly is irradiated for 3 to 4 fuel
cycles and the end-of-life axial peaking factor in such cases is
just under 1.1 (Reference IF-300 Consolidated Safety Analysis
Report, NED0-10084-3). As an added conservatism in the shielding
analysis, the gamma sources in the top and bottom nozzle regions of
the fuel assembly due to activation of the hardware were also
included in the active fuel region of the fuel assembly. This total
source strength was used to calculate the dose rate in the cask
axial directions.

The effect of the fuel element end-box activation of Co-60 on the
gamma dose on the outside of the cask.

The effect of fuel element end-box activation of Co-60 on the gamma
dose on the outside of the cask was included in the shielding
analysis presented in the PDR (page 5-15 2nd paragraph and
Appendix 5.5.4). NuPac will verify during final design that end-box
activation has been appropriately modeled in the shielding
evaluation to determine whether modeling of end-box activation as a
discrete source is required.
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