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1. GENERAL INFORMATION

1.1 Introduction

This report concerns the Model 10-135 Type B Transportation Cask. The Model 10-135 cask is
intended for the safe transportation of radioactive materials other than in the liquid form. The intended
contents of the cask would be fissile exempt radioactive materials quantities licensed for Type B (U) - 85
packaging under 10 CFR 71.

The cask consists of a cylindrical container comprising an inner steel liner surrounded by a layer of
lead shielding and an exterior steel shell. The top and bottom of the container are fabricated from heavy
steel plate and are attached to the container walls by bolting and welding respectively. Exterior to the
cask are impact limiters fitted to and surrounding the cask top and bottom. These impact limiters offer
protection to the cask from both normal conditions of transport and hypothetical accident conditions.

Authorization for the Model 10-1 35 Cask for shipments by cargo vessel, rail and land vehicle is
covered by US NRC Certificate of Compliance No. 9210, Rev. 2. Revision of the package identification
number is sought to include '- 85" identification number suffix.

Rev. 4 ATG Nuclear Services, LLC 1-1
10/14/99
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1.2 Package Description

1.2.1 Packaging

1.2.1.1 Containment Cask Construction . Figure 1.2.1-1 shows the general arrangement of the
10-1 35 shipping cask. The cask consists of two concentric cylindrical shells of ASTM A516 Gr. 70 steel
with an annular gap of 3.5 in. between them. The inner shell is 66.5 in. mean diameter, 72. in. high and 0.5
in. thick, ASTM A516, Gr 70 normalized steel made to "fine grain practice" or better. The outer shell is 75
in. mean diameter, 84 in. high and I in. thick. The annular space between the shells is filled with lead for
shielding. The cask bottom cover plate consists of two 3 in. thick ASTM A516 Gr. 70 steel plates joined
together to form a 6 in. thick plate. The bottom plates are welded to the cylindrical shells of the cask body
by a combination of fillet and full penetration groove welds.

The top of the cask is provided with a combination of two lids identified as the primary lid and the
secondary lid. The primary lid is of a stepped construction which is made of two 3 inch thick ASTM A516
Gr. 70 steel plates of 76 in. diameter and 66 in. diameter, joined together to form an integral 6 inch thick
lid. The primary lid is secured to the cask body through 16 1-1/2 in.- 6 UNC high strength bolts of ASTM
A516 Gr. 70 steel and fits in the cask body. The closure ring is of ASTM A516 Gr. 70 steel and fits in the
annular space between the cask shells above the lead. The closure ring is welded to the shells through a
combination of fillet and full penetration groove welds. The secondary lid which covers the 29 in. diameter
hole at the center of primary lid is also of stepped construction consisting of two 3 in. thick plates. The
secondary lid is secured to the primary lid through 16 1-1/4 in.- 7 UNC high strength bolts of ASTM A354
Gr. BD material. High temperature silicone gaskets are provided at the cask-primary lid and the primary
lid-secondary lid interfaces. The latter is also provided with an additional neoprene seal.

The inner surfaces of the cask and the lid are clad with 12 gauge ASTM A240 304 stainless steel.
The portion of the cask body that is not covered by the impact limiters is covered with a 10 gauge ASTM
A240 304 stainless steel thermal shield. There is a 1/4 in. gap between the shell and the thermal shield
which is maintained using 1/4 in. spacers.

The cask contains no valves or sampling ports. It is provided with a vent port to facilitate leak tests.
Refer to Section 8.2.3 and Leak Test Procedure STD-P-02-034.

Rev. 4
10/14/99
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1.2.1.2 Lifting Devices . Three reinforced lugs of ASTM A516 Gr. 70 steel are provided for lifting
the cask. These are shown in the general arrangement drawing in Figure 1.2.1-1.

1.2.1.3 Tiedown Lugs . The tiedown lugs of ASTM A517 Gr. F are integral parts of the cask body
and are welded to the outer steel shell of the cask body. Four tiedown lugs, two in the front and two in the
rear, are provided as shown in Figure 1. 2.1-1.

1.2.1.4 Impact Limiters . The cask package system consists of two impact limiters placed at the top
and bottom of the cask as shown in Figure 1.2.1-1. Each impact limiter shell is constructed of 12 gauge
ASTM A240 304 stainless steel. The ductility of the material permits the shell to undergo large deformation
without fracturing. The cavity between the inner and outer shell of the impact limiter is filled with shock
absorbing and thermal insulating rigid polyurethane foam material. This material has a density of 20 lb/cu.
ft. and it bonds to the impact limiter steel shells forming an integral construction for packaging. The
mechanical properties of this material are given in Section 2.3.

Both the top and bottom impact limiters are secured to the cask through impact limiter tiedown
tabs which are secured to the cask lugs with 1 inch diameter lockable pins, or as an alternative, nut and
bolt assemblies. Eight such lugs are provided to hold down each impact limiter.

1.2.1.5 Neutron Absorbers. The cask package system does not make use of materials specifically
designed for neutron absorption or moderation.

1.2.1.6 Weight. The empty cask weighs 58,000 lbs. and the payload weighs 10,000 lbs., resulting
in a cask gross weight of 68,000 lbs. A more detailed breakdown of the weight is given in Section 2.2.

1.2.1.7 Internal and External Structures. Other than the lifting lugs, tiedown lugs and impact
limiters already described, there are no external structures attached to the cask. The cask contains no
internal structure.

Optional, removable steel inserts may be placed in the cask cavity to shield or shore the
radioactive material container. These shields shall fit closely to the inside walls of the cask but shall not
be attached to the cask or container. The shields may range in thickness between approximately 0.5
inches and 2.0 inches on the sides. The height of an insert shall be 0.5 inches shorter than the cask
cavity.

Rev. 4 ATG Nuclear Services, LLC 1-4
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1.2.1.8 Pressure Relief. There is no pressure relief system. Rather the cask is designed to
contain expected maximum pressure developing from either normal conditions of transport or hypothetical
accident conditions.

1.2.1.9 Heat Dissipation . The cask is designed such that special heat dissipation devices or
coolants are not required. Analysis demonstrates that the container and contents would not be
compromised by exposure to thermal loading under either normal conditions of transport or hypothetical
accident conditions. A structural means for thermal shielding of the cask is provided by a covering of 10
gauge ASTM A240 304 stainless steel over areas of the cask body not covered by the impact limiters.
This stainless steel cover serves as a thermal shield and is further separated from the cask body by a
thermal radiation gap of 1/4 in.

1.2.2 Operational Features

Other than the use of tiedown lugs for securement to a semi-trailer for transport, there are no
operational features relative to the cask which have any significance during shipping.

1.2.3 Contents of Packaging

The package will contain the following radioactive material as defined in 10 CFR 71 and 49 CFR
173:

(a) Type A quantities in normal or special form.

(b) Type B quantities in normal or special form for Type B ( ) packages.

(c) Highway Route Control quantities in normal or special form as defined in 49 CFR 173.403.

(d) Fissile quantities limited to the amounts as exempted under 10 CFR 71.53.

(e) The package contents will be solid in physical form with no restriction as to chemical form. This
includes dewatered ion exchange resins and miscellaneous radioactive solid waste materials
in secondary containers. The contents of the packaging shall be limited such that radioactive
decay (maximum 400 watts) does not result in exceeding the external temperature limits for
exclusive use shipments as stated in 10 CFR 71.43 (g), nor the external radiation dose rate
limits specified in 10 CFR 71.47.

Rev. 4
10/14/99
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1.3 Appendix

The general arrangement of the 10-135 shipping cask has already been shown schematically in
Fig. 1.2.1-1. In addition, an engineering drawing of the general cask arrangement, Drawing No.
STD-02-106 (2 sheets) is provided as an attachment to this report. This engineering drawing provides
further detail description of the cask, materials of construction, sizing of component parts and method of
assembly.

Loading configurations are found in STD-P-02-035 Operating Procedure for Loading and Unloading
the 10-135 Type B Shipping Cask, in sections 3.4, 3.5, 3.6, and 3.7.

Rev. 4
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2. STRUCTURAL EVALUATION

This section describes the stress analysis of principle components of the cask to verify the
compliance with the performance requirements of 10 CFR 71.

2.1 Structural Design

2.1.1 Discussion

The principal structural members which have been subject to structural analysis are as follows:

(a) The cask body which consists of two concentric steel cylindrical shells, a 1/2 in. thick inner
shell, a I in. thick outer shell, and a 3-1/2 in. thick annular space in between filled with lead.

(b) The bottom of the cask which consists of two 3 in. thick steel plates laminated to form a 6 in.
thick plate, welded to the cylindrical cask body.

(c) The primary lid which also consists of two 3 in. thick steel plates laminated to form a 6 in. thick
plate, bolted to the cylindrical cask body, and containing a 29 in. diameter central hole to
accept a secondary lid.

(d) A secondary lid which is of stepped construction and consists of two 3 in. thick steel plates,
laminated to form a 6 in. thick plate, bolted to the primary lid, and covering the 29 in. diameter
central hole in the primary lid.

(e) Lifting lugs consisting of 1-1/2 in. thick steel plate welded to the top surface of the primary lid.

(f) Tiedown lugs consisting of 2 in. thick steel plates welded directly to the 1 in. thick outer shell of
the cask body.

(g) Impact limiters consisting of an outer shell of 12 gauge 304 stainless steel which forms a cavity
filled with a shock absorbing polyurethane foam material.

Rev. 4 ATG Nuclear Services, LLC 2-1
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2.1.2 Design Criteria

Structural analysis of the cask involves (a) design against yielding which would otherwise causepermanent deformation of individual cask components and result in a compromise of a containment sealand (b), for the case of external pressure, design against buckling.

For the normal loading conditions the ASME Section III Service Level A allowable stress of 2/3 FY isused. For the accident load conditions the ASME Section III Service Level D allowable stresses are used.For the components, these allowable stresses are Fy for the normal stress and Fry for shear stress. Forbolts, the smaller of 0.7 F., or F,, for axial stresses and the smaller of 0.42 Ft, or 0.6 F. for shear stressesare used. (See ASME Section III, Division I Appendix F. Paragraphs F-1 335.1 and F-1 335.2).

For all other instances of design against yielding, the maximum allowable stress is limited to 20% ofthe yield strength. For instances of buckling, the maximum allowable load is limited to 20% of the load tobuckle.

The cask by itself provides shielding from the irradiated materials it contains. The integrity of thecask must, therefore, be maintained, specifically at seal interfaces between the primary and secondarylids and between the primary lid and the cask body. This requirement is particularly important during the30 ft. drop postulated for accident handling conditions. The impact limiters, therefore, are designed toprovide adequate localized protection to the components of the cask assembly, particularly to the primaryand secondary lids and the cask interface.

Lifting attachments are designed to lift three times the package and content weight and not exceedmaterial yield strength. The requirements on tiedown devices are that no stress in the package materialexceeds yield stress when the following static factors are applied to the center of gravity of the cask:

a. Two times the cask and content weight in the vertical direction.

b. Ten times the cask and content weight in the horizontal direction in which the vehicle is
traveling, and

c. Five times the cask and content weight in the direction transverse to that in which the vehicle istraveling.

Rev A ar, *..- . ..
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2.2 Weights and Center of Gravity

The following table gives the weights of the individual components of the cask and the maximum
payload.

Weight of lead shielding 23,900 lbs.
Weight of steel shells
and accessories 9,900 lbs.
Weight of steel bottom plate 6 l600 lbs.

Total weight of cask body 40,400 lbs.

Weight of primary lid 5,445 lbs.
Weight of secondary lid 1,755 lbs.
Weight of two impact limiters
(each weights 5,200 lbs.) 10l400 lbs.

Total weight of cask without payload 58,000 lbs.
Weight of the payload l0.000 lbs.

Total weight of cask and payload 68,000 lbs.

The cask is symmetric about all the three axes. It will be assumed that the mass distribution is alsosymmetric and that the center of gravity of the cask is at its geometric centroid.

Rev. 4 ATG Nuclear Services, LLC 2-3
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2.3 Mechanical Properties of the Materials

The cask body, primary and secondary lids and cask lugs are made out of ASTM A516 Gr. 70 steel.The tiedown lugs are made out of ASTM A517 Gr. F steel (alternate material: ASTM A514 Gr.A). Theimpact limiter tiedown tabs are of ASTM A240 304 stainless steel. The bolts attaching the primary andsecondary lid to the cask body are of ASTM A354 Gr. BD steel. The material properties relevant to thestress analysis of the cask components are given in the following table. The ultimate and yield stresses inshear are taken as 0.577 times the corresponding tensile stresses.

Ultimate Yield Ultimate Yield
Stress Stress Stress Stress Bearing

Tension Tension Shear Shear StressMaterial (Ft.) (Fty) (F.,) (F8Y) (Fbrg)

ASTM A516 70,000 38,000 40,400 22,000 90,000GR. 70 psi psi psi psi psi

ASTM A516 70,000 38,000 28,000 15,200 105,000GR. 70 psi psi psi psi psi(normalized)

*ASTM A517 115,000 100,000 66,400 57,700 -GR. F psi psi psi psi

*ASTM A514 115,000 100,000 66,400 57,700GR. A psi psi psi psi

ASTM A354 150,000 130,000 85,500 75,000GR. BD psi psi psi psi

ASTM A240 70,000 25,000 40,400 14,400Type 304 psi psi psi psi

*Note: ASTM A514 Gr.A may be substituted for ASTM A517 Gr.F.

The impact limiters contain rigid polyurethane foam of a self-extinguishing variety which fills the cavitybetween the impact limiter shells. Figure 2.3-1 shows the stress-strain curve for this foam which has adensity of 20 lbs/cu. ft. The curves provide both minimum and maximum compressive stress-strainproperties of the foam. These properties cover the range of stress and strains reached during the 10 CFR71 hypothetical accident conditions. These stress-strain curves are developed based on actual testsperformed and are reliable up to 70 percent of strain. Data obtained over the years shows that the form ofthe curves will continue with the tolerance band shown on Figure 2.3-1 through the 80 percent range.

Testing samples from each batch during the pour of the impact limiters will be conducted at severalstrain levels with at least one sample from each impact limiter tested to 80 percent strain to demonstratethat the foam is within the design tolerance band in accordance with ATG, Inc.

NRC-approved 10 CFR 71, Subpart H, QA Program, the test data from each actual pour will bemonitored, analyzed, approved and maintained.

Rev. 4 ATG Nuclear Services, LLC 2-410/14/99
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2.4 General Standards for All Packages

This section demonstrates that the general standards for packages as specified in Section 71.43 of10-CFR 71 are met.

2.4.1 Minimum Package Size

The overall size of the 10-135 cask is such that it considerably exceeds the minimum specifieddimension of 10 cm (four inches).

2.4.2 Security Seals

The 10-135 Cask incorporates security seals on both the primary and secondary lid closures. If thelead or equivalent seals, which are shown on Drawing No. STD-02-106, are broken, tampering with thecask is indicated.

2.4.3 Positive Closure

The arrangement for container closure has already been described in Section 1.2.1.1 and is shownschematically in Fig. 1.2.1-1. Closure involves primary and secondary lids. The primary lid is 6 in. thicksteel comprised of two plates 3 in. thick. This lid is bolted directly to a closure ring welded to the top of thecask body. The bolting arrangement involves 16 1-1/2 in. diameter bolts.

The secondary lid covers a 29 in. diameter hole centrally located in the primary lid. It also is 6 in.thick, comprised of two 3 in. thick plates. The secondary lid is attached to the primary lid by 16 1-1/4 in.diameter bolts. The entire assembly is of such an arrangement that it cannot be inadvertantly opened.

2.4.4 Chemical and Galvanic Reactions

The materials of construction of the 10-135 cask and the arrangement in which these materials areused is such that significant chemical, galvanic or other reaction will not occur among the packagingcomponents, the package contents and/or between the packing components and the package contents,including during possible inleakage of water. Positive closure of the package as described in Section1.2.1.1, prevents inleakage of water. The nature of the assembly and of materials of assembly does notinvolve the use of materials which are significantly galvanically dissimilar nor does it involve the presenceof an aggressive electrolyte. Direct corrosive attack by the package contents is not expected and thepossibility is further minimized by the application of stainless steel cladding over the entire cask interior.

Rev. 4 ATG Nuclear Services, LLC 2-610/14/99
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2.5 Lifting and Tiedown Devices

2.5.1 Liftinq Devices

2.5.1.1 Cask Lifting Lugs . Three lifting lugs are provided for the 10-135 shipping cask (as shown in
Fig. 2.5.1-1). Each lifting lug is designed so that failure of the lug under excessive force will not impair
package integrity. Total load carried by each lug is:

Pkv = (68,000) (3g's)/3 = 68,000 lbs.

Using a 400 load direction for shear tear out, the capacity of each lug is:

= (F.y) (2t) [ed - (d/2) (cos 40)]
= (22,000) (2) (1.5) [2.5-(1) (cos 400)]
= 75,838 lbs.

Margin of safety = F.S. = 75,838/68,000 =1.12 .:FS>1.0

Capacity of the lug-to-primary lid weld:

Awt = Area of weld throat
= (2) (0.5) (4.5) (sin 450)+ (2)(0.5) (1.5) (sin 450)
= 4.2426 in.2

Capacity based on weld metal (E70 electrodes)
= (0.3) (70,000) (4.2426) = 89,095 lbs.

Margin of Safety = FS= 89,095/68,000 = 1.31 .:FS>1.0

Awb = Area of the weld leg = 4.24/0.707 = 6.0 in.2

Capacity based on base metal (A516 Gr. 70)
= (0.4) (38,000) 6 = 91,200 lbs.

Margin of safety = F.S. = 91,200/68,000 = 1.34 .:FS>1.0

The loads are transferred to the cask body by the bolts attaching the primary lid to the cask body.
There are (sixteen) 16 1-1/2 in. - 6 UNC bolts. The applied force per bolt is = (3) (68,000)/16 = 12,750 lbs.

Allowable stress is the smaller of 0.7 Ft, = 105,000 psi or FY = 130,000 psi.

Capacity of each bolt = (105,000) (1.405) = 147,525 lbs.

Margin of safety = (147,525/12,750) - 1 > 10

Therefore, it is concluded that the lifting lugs are adequate to carry the lifting loads imposed on
them.

Rev. 4 ATG Nuclear Services, LLC 2-7
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FIGURE 2.5.1-1 Sketch of cask lifting lug (1-1/2 in. thick; ASTM A516 Gr 70 steel; welded to
top of primary lid)
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2.5.1.2 Impact Limiter Lifting Lugs . Since each impact limiter is removable, each is provided withits own lifting lugs (as shown in Fig. 2.5.1-2). The weight of each impact limiter is 5,200 Ibs and there arethree lugs provided for lifting each impact limiter.

Capacity based on the shear tearout of the lug is given by:

Fsy (2t) [ed - (d12) (cos 40)]
Fsy (A516 Gr. 70) = 22,000 psi

t=3/8 in.

ed = 1.5 (hole edge distance)

d = 1 in. (hole dia.)

Therefore, the lug capacity is
= (22,000) (2) (3/8) [1.5 - (1/2) (cos 40)]
= 18,430 lbs.

Capacity of the weld:

Based on weld metal: (22.5) (1/8) (0.707) (0.3) (70,000) = 41,760 lbs.

Based on base metal: (22.5) (1/8) (0.4) (38,000) = 42,750 Ibs.

Load carried by each lug = (5,200) (3g's)/3 = 5,200 lbs.

Margin of safety = (18,430/5,200) - 1 = 2.54

The impact limiter lifting lugs are adequate.

PauJ A . . .
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FIGURE 2.5.1-2 Sketch of impact limiter lifting lugs (3/8 in. thick; 304 stainless steel; welded to exterior of
each impact limiter shell)
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2.5.2 Tiedown Devices

Four tiedown lugs are provided as shown in Figures 2.5.2-1 and 2.5.2-2. Each lug is designed so
that failure of the lug under excessive force will not impair package integrity.

These lugs are used to tie down the cask during transportation. In accordance with 10 CFR 71.45
(b)(1), the lugs must be designed for the following load factors:

lOg acceleration in the longitudinal direction
5g acceleration in the transverse direction
2g acceleration in the vertical direction.

Longitudinal axis is the axis parallel to the direction of the truck travel.

Two lugs in the front are symmetrically placed with respect to the longitudinal axis and make 450
angles with this axis. Similarly, two lugs in the rear are provided. The cask is tied down using flexible
cables. The front lugs are inclined at 240 to the horizontal. The topmost point of the lug is 84.5 in. above
the base of the impact limiter.

Since the cables are flexible:

o Either the front or the rear cables resist the forces due to lOg longitudinal acceleration.

o One front and one rear cable located on the same side of the cask resist the forces due to 5g
transverse acceleration.

o All the four cables together resist the 2g vertical acceleration.

In order to determine the forces in the cables, the direction cosines for the cables must be known.
For this purpose a coordinate system is defined as follows:

o The origin is placed at the base of the impact limiter where the vertical axis of the cask
intersects this plane.

o The x-axis is assumed parallel to the longitudinal axis and is positive from the rear to front of the
cask.

o The z-axis is vertical and is positive upwards.

o The y-axis is in the transverse direction and is positive as determined from the right-handed
coordinate system.

The cables, for the sake of convenience, are identified as:

FL - front left cable
FR - front right cable
R L - rear left cable
RR - rear right cable

Rev. 4 ATG Nuclear Services, LLC 2-11
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The locations of the cable at the cask are identified as points A L, AR, B L and BR as shown in Figure
2.5.2-1.

The height of the point at which the tiedown cables are attached to the lugs, h, is calculated as
follows (see Figures 2.5.2-1 and 2.5.2-2 for dimensions):

Angle subtended by the arc ab is given by sin-' (13/38)

Arc. length ab = (38) sin-1 (13/38)
= 13.27 in.

Distance ac = ab tan 13= 13.27 sin P
= 5.39 in. for front lugs
= 8.88 in. for rear lugs

h (front lugs) = 84.5 - 5.39 - (t12) (cos >) = 78.20 in.
h (rear lugs) = 84.5 - 8.88 - (t/2) (cos 1) = 74.88 in

The cable makes an angle of 240 (or 420) with the horizontal plane, therefore, it makes an angle of
1140 (or 132°) with the positive z-axis.

Projected length of cable on the horizontal plane = LY = h/tan'3

Projected length along x-axis = Lxy cos 30 = (h cos 30)/tan13

along y-axis = LXY sin 30 = (h sin 30)/tan 13

Length of the cable, L = [(h2/tan2 1) (cos2 30 + sin2 30) + h2]J2

= (h sec 1)/tan 13 = h/sin13

Direction cosines are given by:

t = X/L = [(h cos 30)/tan 13]/(h/sin ) = (cos 13) (cos 30)

m = Y/L = (cos 1) (sin 30); n = h/L = -sin 13

The direction cosines are given in the following table:

Front-Left Front-Right Rear-Left Rear-Right
t 0.7912 0.7912 -0.6436 -0.6436
m 0.4568 -0.4568 0.3716 -0.3716
n -0.4067 -0.4067 -0.6691 -0.6691

Rev. 4 ATG Nudear Services, LLC 2-12
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Coordinates of the lug points with respect to the chosen origin are given in the following table:

Radial distance of the center of the hole = 38 + 3 = 41 in.

x=y=41 cos45=29.0 in.

Front-Left Front-Right Rear-Left Rear-Right
x 29.0 29.0 -29.0 -29.0
y 29.0 -29.0 29.0 -29.0
z 78.20 78.20 74.88 74.88

Rev. 4 ATG Nuclear Services, LLC 2-13
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FIGURE 2.5.2-2 Sketch of tiedown lug showing direction of applied force ASTM A517 Gr. F steel; welded
to exterior of cask body outer shell
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2.5.2.1 Lug and Cable Forces for l0g Horizontal - Longitudinal Acceleration . This static
force is reacted by either the two front or the two rear cables. On account of symmetry, the
forces in the two (front or rear) cables are the same. Let Pir and P., be the forces in the rear and
front cables respectively, and Px and PY are the longitudinal and vertical components. Taking
moments about 01 (for rear cable forces):

2[(P.) (74.88) + (P.) (56 + 29)] - (F) (65) = 0

2PI, [(.6436) (74.88) + (.6691) (85)] = (68,000) (65) (10)

or
P,, = 210,343 lbs.

Taking moments about 02 (for front cable forces):

2P,, [(0.7912) (78.20) + (0.4067) (85)] = (68,000) (10) (65)

or

P., = 229,155 lbs.

2.5.2.2 Lug and Cable Forces for 5q Horizontal - Transverse Acceleration . This force is reacted
by one front and one rear cable located on the same side of the cask. Let P2, and P2f be the forces in the
rear and front cables respectively. Taking moments about 03 gives:

(P2r)(.3716)(74.88) + (P2r)(.6691)(56 - 29) + (P2f)(.4568)(78.20) + (P2r)(.4067)(56 - 29) = 68,000 (5)
(65)

or

P2r (45.89) + P2f (46.70) = 22,100,000

Assuming no twisting of the cask, and setting the moments of all the forces about z-axis to zero
gives:

(P2r) (.6436) (29) + (P2r) (.3716) (29) - (P2f) (0.7912) (29) - (P2,) (.4568) (29) = 0

or

P2r = (1.2293) P2f

Finally: P2f = 214,319 lbs.

P2r = 263,463 lbs.

2.5.2.3 Lug and Cable Forces for 2q Vertical Acceleration. This force is reacted by all four cables.
The forces in the two front cables are the same, P3f, and the forces in the two rear cables, Pa, will be the
same. Force equilibrium in the vertical direction gives:

(2) (P3r) (0.6691) + (2) (P3 f) (0.4067) = (68,000) (2)

or

(1.3382) P3r + (0.8134) P3 = 136,000
Rey. 4
10/14/99
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Assuming no rotation of the cask about the transverse axis through 0, (or 02) and setting the
corresponding moment to zero gives:

(2) (P 3 ,) (0.6436) (74.88) + (2) (P3r) (0.6691) (56 + 29)
-(2) (P3f) (0.7912) (78.20) + (2) (P3a) (0.4067) (56 - 29)
= (68,000) (2) (56)

or

P3r = (0.4844) P3f + 36,244

Therefore, P3r = 65,242 lbs.

P3f = 59,864 lbs.

2.5.2.4 Evaluation of the Lugs and Welds. Total force in the cables, and hence on the tiedown
lugs, is conservatively calculated as:

P = 229,155 + 263,463 + 65,242 = 557,860 lbs.

The adequacy of the tiedown lugs is checked for this load.

The lug material is ASTM A-517 steel with:

F, = 115,000 psi Fty = 100,000 psi

The lug will be analyzed according to the procedure given in "Structures Methods Manual -
SSD60048R", Hughe's Aircraft Company, February, 1966. From curves on Fig. 2.4.4-3, the efficiency
factor K is 1.4 for R/D=1.5 or 1.8 for W/D=3. The smaller value of 1.4 will be used. K=1.4, the yield factor
Y=1.075.

For the lug: WID = 6/2 = 3
R/D = 3/2 = 1.5

From curves on Fig. 2.4.4-3, the

The allowable yield load:

Py =KY DtFvY
= (1.4) (1.075) (2) (2) (100,000) = 602,000 Ibs.

Margin of safety = (602,000/558,760) - 1 = 0.079

The lug is welded to the cask body by a combination of a 1/2 in. bevel groove weld plus a 1/2 in.
fillet weld. Total length of the weld is (2) (16 + 2) = 36 in. The adequacy of the weld is verified for:

1. The weld metal for stress on the throat.
2. The cask material, ASTM A516 Gr. 70.
3. The lug material, ASTM A517 Gr. F.

Rev. 4
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Capacity based on limiting weld metal stress:

The ultimate strength of E81 weld rod used for welding is F, = 81,000 psi. According to AISC code,
the allowable stress for normal loading condition is 0.3FU. For the accident condition considered, a factor
of 1.6 will be used such that the allowable stress in the weld metal is:

Fai (1.6) (0.3) (81,000) = 38,880 psi

Load capacity = (2) (16 + 2) (1.0) (0.707) (38,880) = 989,714 lbs.

Capacity based on limiting base metal stress:

The lug is ASTM A517 with a limiting shear stress of (0.577) (115,000) = 66,355 psi. The cask
material is ASTM A516 Gr. 70 with a limiting shear stress of (0.577) (70,000) = 40,390 psi, and this
governs the load capacity.

Load capacity = (2) (16 + 2) (1) (40,390) = 1.454 x 106 lbs.

The margin of safety of the lug based on least weld capacity is
= (989,714/557,860) - I = 0.774

The tiedown lugs are adequate to take the log longitudinal, 5g transverse and 2g vertical
acceleration of the cask.

Rev. 4
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FIGURE 2.4.4-3
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"Figure 4.4.1-1 Axially Loaded Lug Design Chart
t Reference: "Structures Methods Manual - SSD60048R', Hughe's Aircraft Company, February 1966
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FIGURE 2.4.4-3 (Continued)
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2.6 Normal Conditions of Transport

This section demonstrates that the normal conditions of transportation have been met.

2.6.1 Heat

The thermal evaluation of the cask under conditions of elevated temperature due to normal
transport conditions and hypothetical accident conditions is contained in Section 3.4. Consideration of
normal conditions of transport based on the results of the analysis in Section 3.4 is contained in this
section.

2.6.1.1 Summary of Pressures and Temperatures. For a summary of temperatures experienced
during normal conditions of transport, refer to Table 3.4.2-1. The temperatures given are steady state. The
cask interior maximum of 139 F temperature occurs at the stainless steel cover. The temperature of the
inner shell ranges from 128 F to 132 F. In all locations the temperature gradients through the container
wall are small. The cask maximum determined temperature gradient occurring across the inner and outer
cylinder walls has a temperature difference of 40 F. Referencing Section 3.4.4, the maximum pressure
differential developed in the container is 15.1 psi.

2.6.1.2 Differential Thermal Expansion. Thermal stresses can arise due to temperature gradients
in solid materials. In addition, stresses can be induced when a structural member is heated uniformly but
fabricated as a composite with materials having different coefficients of thermal expansion. As seen in
Figure 3.4.2-1, the wall temperatures are practically uniform. Thus, the thermal stresses are primarily due
to the difference in the thermal expansion coefficients of lead and steel (16.3 x 104 /F and 6.5 x 104/F
respectively). The maximum thermal stress occurs in the inner and outer steel cylindrical shells. An
approximate calculation of the thermal stress is made by assuming that the steel and lead shells have the
same growth. The axial and hoop stresses of the steel are given by:

S. = (a, -as) AT/(1/E.+A8IA1E,)

where a, and a, are the thermal expansion coefficients of lead and steel respectively, T is the temperature
change, E, and Es are the moduli of elasticity of lead and steel respectively, and A, and A, are the
cross-section areas. The cross-sectional area of the steel is determined by combining inner and outer
shells. If a temperature change of 70 F to 140 F is assumed:

E, = 30X106 psi
E, = 2X106 psi
A. = nt (66) (0.5) + 7r (72) (1.00) = 329 in2
A, = ir (68.25) (3.5) = 750 in2

S, = (16.3 x 104 - 6.5 x 104) (140 - 70)I[1/30x1 0 6 
+ (329)/(750)(2x1 0 6

)] = 2,710 psi

Allowable stress for the shell wall = 38,000 psi

Container Shell Margin of safety = (38,000/2,710) - 1 = 13

Rev. 4
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2.6.1.3 Stress Calculations. The maximum pressure differential developed in the container (normal
condition of transport) is 15.1 psi. Assuming the inner 1/2 inch thick shell resists this pressure, the stress
in the shell is:

f = pr/t = (15.1) (33)/(0.5) = 997 psi

Allowable stress = F., = 38,000 psi

Container Shell Margin of safety = (38,000/997) - 1 = 37

The lid will also be subjected to this pressure. The maximum bending
stress assuming only a 3 in. thick lid is:

f = 3qa2 (3 + u)/8t2

= (3) (15.1) (38)2 (3 + 0.3)/(8) (3)2

= 3,000 psi

[Roark, R.J.. and W.C.. Young, Formulas for Stress and Strain, 5th Edition, McGraw-Hill, 1975,
Table 24, Case No. 10, pages 363 and 333].

Lid Margin of safety = (22,800/3,000) -1 = 6.6

The primary and secondary bolts have been found adequate for the much larger 30,580 lb. loads
resulting from the hypothetical accident condition load plus the pressure of 11.2 psi in Section 2.7.1.1.

Therefore, the cask is adequate to withstand a differential of 15.1 psi.

Regarding lead pour, the maximum expected casting temperature of lead is 830 F. This
temperature is not high enough to produce any significant metallurgical change in the container structural
wall. A temporary rise in temperature of the structural wall will occur during lead pour. However, as the
thermal analysis in Chapter 3 demonstrates, the temperature gradient through the wall would be small and
significant thermal stresses are not expected. Regarding lead cool down, the lead has a much lower yield
strength than the steel container shell. The lead therefore will yield to conform to the container shell
dimension long before significant stress is developed in the container wall.

The only expected superposition of stresses expected due to the effects of heat in normal transport
are the thermal stresses and stresses due to pressurization in the container shell. In both cases treated
separately, the margin of safety is greater than 13. The combination of these stresses would still result in a
large margin of safety.

Rev. 4
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2.6.2 Cold

The minimum expected temperature is -40 F as specified in 10 CFR 71 Section 71.71(c)(2). The
primary structural material used in fabricating the cask is ASTM A516 Gr. 70 steel. This material is
classified as a pressure vessel plate material for low and moderate temperature service. This steel is
manufactured such that it has excellent resistance to low stress fracture at reduced service temperatures.
The specification for this material is such that it must meet requirements for notch toughness and
must meet stringent manufacturing requirements limiting allowable surface and edge imperfections. It is
the structural steel typically specified for low temperature service.

Mechanical tests of foam material such as that used in the impact limiters have been conducted at
temperatures as low as -20 F. The strength of the foam at this reduced temperature increases relative to
the strength at ambient conditions. There is no significant change in behavior which would otherwise
compromise the crush deformation characteristics of the material. The nature of this type of material is
such that, at temperatures as low as -40 F. the strength would be further increased and any change in
deformation characteristics would still be insignificant

Regarding other materials of construction, materials used in this cask package are in no way
inferior and in many cases superior to materials used in many other Type B package designs which have
been in service for many years without incident.

2.6.3 Reduced External Pressure

According to Paragraph 71.71 (c) (3) of 10 CFR 71, the cask must withstand a reduced external
pressure of 3.5 psi. This is equivalent to the cask being subjected to an differential pressure of 14.7 - 3.5 =
11.2 psi. An analysis of the cask for a much larger differential pressure of 24.6 psi has been conducted in
Sections 2.6.1.3. The container was demonstrated to be adequate.

2.6.4 Increased External Pressure

The requirement that the cask should not suffer loss of contents when subjected to external
pressure of 20 psi will be examined.

2.6.4.1 Design of Cask Ends Against Yielding . It will be conservatively assumed that the pressure
across the ends of the cask is carried by a 3 in. thick steel plate fabricated from ASTM A516 Gr. 70 steel.
The model assumes a circular plate of constant thickness supporting a uniformly distributed load and
having its edge simply supported.

M, = (qa2/16) (3 + u)

= [(20) (38)2/16] (3 + 0.3) = 5,957 in.-lbs.

f = 6M~t2 = 6 (5,957)/(3)2 = 3,970 psi

[Roark, R.J. and W.C. Young, Formulas for Stress and Strain, 5th Edition, McGraw-Hill, 1975,
Table 24, Case No. 10a, page 363.]

Allowable Stress for the cask lid = F., = 38,000 psi

Margin of safety = (38,000/3,970) - I = 8.6

The cask ends will not be compromised due to external pressure of 20 psi.

Rev. 4 ATG Nuclear Services, LLC 2-23
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2.6.4.2 Design of Cask Body Against Yielding . It will be conservatively assumed that thepressure exerted on the cylindrical shell of the cask is carried by the outer shell fabricated from ASTMA516 Gr. 70 steel, 0.5 in. thick plate.

f = pr/t = (20) (38)/(0.5) = 1520 psi

Allowable stress for the shell wall = 38,000 psi

Margin of safety = (38,000/1520) - 1 > 10

2.6.4.3 Design of Cask Body Against Buckling . It will be conservatively assumed that the pressureexerted on the cylindrical shell of the cask is carried by the outer shell. The axial stress on the shell will beignored recognizing that (a) the assumption is conservative in only considering the outer shell and (b) theprimary buckling load on the shell would be lateral pressure for a relatively short, larger diameter shell.

The thinness ratio, X, is calculated as follows:
X = 1.2 (r/t)0 25 [(tIL) (EIFt,)i p 5

= 1.2 (38/1)025 [(1/80) (30,000,000/38,000)]-°
= 0.95

where t = wall thickness = 1 in.
r = radius of cylinder = 38 in.
L = height of cylinder = 80 in.
E = elastic modulus
Fty = yield strength

Since 0.35 > X > 2.5, a mixed mode of response to external pressure is expected. An upper bound
estimate for buckling pressure applicable to short cylinders is as follows:

P, = (0.87) (E) (t/L)I(rlt)1' 5

= (0.87) (30,000,000) (1/80)/(38/1)1'5
= 1,393 psi

Margin of safety = (1,393/20) - 1 > 10

[Blake, A., Practical Stress Analysis in Engineering Design, Marcel Dekker, 1982, Chapter 36,"External Pressure", Pages 515 to 553.]

2.6.5 Vibration

Vibration loads from ordinary transport are expected to have insignificant effects on the container.Various components of the structural shell are either welded or held together with multiple threadedfasteners, including the attachments of the primary and secondary lids. Bolting arrangements similar tothat applied to this container have been used on Type B containers for many years without incident.

2.6.6 Water Spray

Since the package exterior is constructed of steel, this test is not required.
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2.6.7 Free Drop

The stress analysis for the free drop of the 10-135 cask from a height of 1 ft. on to an essentially
unyielding surface in the orientation that develops the worst loading condition is performed in this section.
Three different orientations of free drop are evaluated; they are, the drop on the end, the drop on the side
and the drop on a comer. The amount of crush deformation of the impact limiter foam and the impact force
applied to the cask are determined from the Computerized Energy Balance Analysis (CEBA) computer
program. This is a proprietary program based on energy balance method that takes into consideration the
large deformation and strain hardening of the impact limiter foam. The detailed description of the CEBA
computer program is given in Section 2.10. There are three versions of the CEBA computer program.
Each version represents a different impact configuration. Each version has been verified. These versions
are defined throughout the report by the direction of the cask drop being evaluated as follows:

EDROP - for end drop analysis
SDROP - for side drop analysis
CDROP - for corner drop analysis

Two computer runs, one using the lower stress-strain curve and neglecting the unbacked foam and
the other using the higher stress-strain curve and including the unbacked foam are performed. The former
analysis gives an upper bound value for the crushed deformation of the foam and the latter analysis yields
an upper bound value for the deceleration forces.

The impact loads resulting from the 1 ft. free drop specified in 10 CFR 71 for normal condition of
transport are (see computer outputs given on Tables 2.6.6-1, 2.6.6-2 and 2.6.6-3):

End drop: 33.8g
Side drop: 23.8g
Comer drop: 8.7g

The corresponding values for the 30 ft. free drop for the hypothetical accident drop conditions of 10
CFR 71 are (see computer outputs given on Tables 2.7.1.-I through 2.7.1.-5):

End drop: 151.8g
Side drop: 104.2g
Corner drop: 62.6g

The largest rate of impact forces due to a 30 ft. drop divided by the same 1 ft. drop configuration is
7.2 and it occurs for the comer drop. The ratio of the corresponding allowable stresses for these two
cases is Fy/(213 Fy) = 1.5. Based on these results the impact loads due to the hypothetical accident
condition of 30 ft. drop governs the cask design. Detailed analysis will, therefore, be performed for the 30
ft. drop load condition. This analysis is given in Section 2.7.1.

Rev. 4 ATG Nuclear Services, LLC 2-25
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TABLE 2.6.6-1 UPPER BOUND IMPACT ANALYSIS RESULTS FOR END DROP
- NORMAL CONDITIONS

IMPACT ANALYSIS OF NUSPSC LLW SHIPPING CASK, END DROP CONDITIONS -

TOTAL WEIGHT OF CASK =
HEIGHT OF CASK DROP =

HEIGHT OF THE CASK =
RADIUS OF THE CASK =
HEIGHT OF THE CASK WITH IMPACT
LIMITERS =
RADIUS OF THE CASK WMTH IMPACT
LIMITERS =
VERTICAL DISTANCE BETWEEN
TOP AND BOTTOM
LIMITERS =
RADIUS OF ANNULAR HOLE =

68000.0000 (Ibs)
1.0000 (ft)

84.000 (in)
38.000 (in)

130.000 (in)

56.000 (in)

40.000 (in)
27.500 (in)

INITIAL CUT ON THE SIDE OF FOAM =
NOMINAL CRUSH STRESS = 7000.00 (psi)

FOAM STRAIN-STRESS RELATION TABLE
STRAIN STRESS

IN/IN PSI
0.0000 0.0000
0.1000 1400.0000
0.2000 1500.0000
0.3000 1650.0000
0.4000 1950.0000 -
0.5000 2500.0000
0.6000 3900.0000
0.7000 7750.0000
0.8000 19500.0000

PRINT FREQUENCY = 5 (STEPS)
INCREMENTAL CRUSH DEFORMATION = 0.02

Peu A ATIf M..,dl a I I ^
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TABLE 2.6.6-1 UPPER BOUND IMPACT ANALYSIS RESULTS FOR END DROP - NORMAL CONDITIONS
(CONTINUED)

CRUSH
DEFORM

(in)

0.12
0.25
0.37
0.50
0.62
0.75
0.77

CONTACT
AREA
(sq In)

7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2

CRUSHED
VOLUME

(c In)

934.5
1869.1
2803.6
3738.1
4672.6
5607.2
5794.1

REACTION
FORCE

(Ibs)

371112.6
742225.2

1113337.8
1484450.3
1855562.9
2226675.5
2300898.0

STRAIN
ENERGY
(ft-Ibs)

1932.9
7731.5

17395.9
30926.0
48322.0
69583.6
74299.8

KENETIC
ENERGY

(ft-Ibs)

MAXIMUM STRAIN
ON CONTACT AREA

(percent)

68708.3
69416.7
70125.0
70833.3
71541.7
72250.0
72391.7

0.54
1.09
1.63
2.17
2.72
3.26
3.37

Reaction ForceAleight = 2,300,898/68,000 = 33.8 a

'L-- I
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TABLE 2.6.6-2 UPPER BOUND IMPACT ANALYSIS RESULTS FOR SIDE DROP - NORMAL CONDITION

IMPACT ANALYSIS OF NUSPSC LLW SHIPPING CASK, - SIDE DROP CONDITION -

TOTAL WEIGHT OF CASK =

HEIGHT OF CASK DROP =

HEIGHT OF THE CASK =
RADIUS OF THE CASK =
HEIGHT OF THE CASK WITH IMPACT
LIMITERS =
RADIUS OF THE CASK WITH IMPACT
LIMITERS =
VERTICAL DISTANCE BETWEEN TOP
AND BOTTOM IMPACT LIMITERS =

RADIUS OF THE ANNULAR HOLE =

68000.000 (Ibs)
1.0000 (ft)

84.000 (in)
38.000 (in)

130.000 (in)

56.000 (in)

40.000 (in)
27.500 (in)

INITIAL CUT ON THE SIDE OF FOAM =
NOMINAL CRUSH STRESS = 7000.00 (psi)

**** FOAM STRAIN-STRESS RELATION TABLE ****

STRAIN
IN/IN
0.0000
0.1000
0.2000
0.3000
0.4000
0.5000
0.6000
0.7000
0.8000

STRESS
PSI
0.0000

1400.0000
1500.0000
1650.0000
1950.0000
2500.0000
3900.0000
7750.0000

19500.0000
INCREMENTAL CRUSH DEFORMATION = 0.25

Rev. 4
10/14/99
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TABLE 2.6.6-2 UPPER BOUND IMPACT ANLYSIS RESULTS FOR SIDE DROP - NORMAL CONDITION (CONTINUED)

CRUSH
DEFORM

(in)

0.25
0.50
0.75
1.00
1.25
1.38
1.39
1.40
1.40

CONTACT
AREA
(sq in)

951.4
1344.0
1644.2
1896.4
2117.9
2220.0
2232.4
2238.6
2241.7

CRUSHED
VOLUME

(c In)

158.6
448.4
823.2

1266.6
1768.9
2040.0
2074.8
2092.3
2101.0

REACTION
FORCE

(Ibs)

123223.8
347836.1
637743.9
979914.7

1366740.6
1575219.6
1601945.9
1615363.4
1622085.7

STRAIN
ENERGY

(ft-lbs)

1028.4
5804.9

15971.9
32739.4
57111.2
72425.6
74494.1
75541.4
76068.3

KINETIC
ENERGY

(ft-lbs)

69416.7
70833.3
72250.0
73666.7
75083.3
75791.7
75880.2
75924.5
75946.6

STRAIN DISTRIBUTION ON CONTACT AREA
PORTION OF TOTAL AREA WITH STRAIN

<.7 .7<.8 .8<.9 .9<.95

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

<.95

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Reaction Force/Weight = 1,622,085.7/68,000 = 23.8a

Rev. 4
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TABLE 2.6.6-3 UPPER BOUND IMPACT ANALYSIS RESULTS FOR CORNER DROP - NORMAL CONDITION
** IMPACT ANALYSIS OF NUSPSC LLW SHIPPING CASK - CORNER DROP CONDITION -

TOTAL WEIGHT OF CASK =
HEIGHT OF CASK DROP =

HEIGHT OF CASK =
RADIUS OF CASK =
HEIGHT OF CASK WITH IMPACT
LIMITERS =
RADIUS OF CASK WITH IMPACT
LIMITERS =
VERTICAL DISTANCE BETWEEN TOP
AND BOTTOM IMPACT LIMITERS =
RADIUS OF THE ANNULAR HOLE =

68000.0000 (Ibs)
1.0000 (ft)

84.000 (in)
38.000 (in)

130.000 (in)

56.000 (in)

40.000 (in)
27.500 (in)

NOMINAL CRUSH STRESS = 7000.00 (psi)

****FOAM STRAIN - STRESS RELATION TABLE ****

STRAIN
IN/IN

STRESS
PSI

0.0000
0.1000
0.2000
0.3000
0.4000
0.5000
0.6000
0.7000
0.8000

0.0000
1400.0000
1500.0000
1650.0000
1950.0000
2500.0000
3900.0000
7750.0000

19500.0000

PRINT FREQUENCY = 10 (STEPS)
ORIENTATION ANGLE OF CASK DROP (DEGREES) = 40.75
INCREMENTAL CRUSH DEFORMATION = 0.0250

Rev. 4 ATG Nuclear Services, LLC1 U^ l4 f * 2 -3 0
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TABLE 2.6.6-3 UPPER BOUND IMPACT ANALYSIS RESULTS FOR CORNER DROP - NORMAL CONDITION (CONTINUED)

CRUSH
DEFORM

(in)

CONTACT CRUSHED
AREA VOLUME
(sq in) (c in)

REACTION
FORCE

(Ibs)

STRAIN KINETIC
ENERGY ENERGY

(ft-lbs) (ft-lbs)

STRAIN DISTRIBUTION ON CONTACT AREA
PORTION OF TOTAL AREA WITH STRAIN

<.7 .7<.8 .8<.9 .9<.95 <.95

0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00
4.25
4.50
4.75
5.00
5.25
5.50
5.75
6.00
6.25
6.50
6.67

4.4
12.5
22.9
35.2
49.1
64.5
81.2
99.1

118.1
138.2
159.2
181.3
204.2
227.9
252.5
277.9
304.0
330.9
358.4
386.7
415.6
445.2
475.3
506.1
537.5
569.5
592.1

0.4
2.5
6.9

14.1
24.6
38.8
56.9
79.5

106.6
138.6
175.7
218.3
266.5
320.4
380.5
446.8
519.5
598.8
685.0
778.1
878.4
986.0

1101.0
1223.7
1354.1
1492.5
1594.1

212.1
1196.3
3292.9
6753.7

11788.7
18581.6
27297.2
38086.3
51088.5
66434.0
84245.3

104627.0
127331.5
152000.0
178452.8
206567.1
236249.5
267424.7
300030.3
334013.2
369327.4
405932.4
443792.5
482877.9
523178.1
564681.6
594442.5

1.3
14.3
58.9

161.0
351.3
664.5

1139.0
1816.3
2741.3
3961.4
5526.6
7489.6
9902.3

12808.8
16248.0
20255.9
24865.9
30110.0
36018.6
42620.9
49945.1
58018.6
66867.7
76518.4
86996.1
98325.9

106777.2

69416.7
70833.3
72250.0
73666.7
75083.3
76500.0
77916.7
79333.3
80750.0
82166.7
83583.3
85000.0
86416.7
87833.3
89250.0
90666.7
92083.3
93500.0
94916.7
96333.3
97750.0
99166.7

100583.3
102000.0
103416.7
104833.3
105825.0

1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0
1.0 0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

REACTION FORCE I WEIGHT = 594442.5 /_68000 =_ 7A
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2.6.8 Corner DroD

The issue of corner drop is addressed in Section 2.6.7.

2.6.9 Compression

Since the container package weighs in excess of 5000 kg, this test condition is not applicable.

2.6.10 Penetration

The wall and lid thicknesses of the container are considerable in relation to the expected impact loadsdeveloped by a 13 lb. rod of 1.25 in. diameter dropped on the exposed surface of the package that isexpected to be most vulnerable to punctures from a height of 40 inches. Such a test would have noimpact on the container integrity.

2.7 Hypothetical Accident Conditions

2.7.1 Free DroD

In this section the effect of the hypothetical accident condition on the cask is evaluated. Accordingto 10 CFR 71, the cask must survive a free drop through a distance of 30 ft. onto a flat, essentiallyunyielding horizontal surface, striking the surface in a position for which maximum damage is expected.The criteria used to demonstrate the survivability of the cask are as follows:

1. The primary and secondary lids remain secured to the cask. This is demonstrated by showingthat stresses in the primary and the secondary lid bolts are acceptable with respect to theservice Level D allowable stresses in accordance with Article F-1 335 of the ASME Section 1II,Division I, Appendix F.

2. The deformation of the impact limiters are such that any component protruding from the cask isprotected from directly impacting the unyielding horizontal surface.

3. The deformation of the impact limiter foam is such that the maximum strain in the foam remains
less than 80 percent.

4. The impact limiters will remain attached to the cask body.

The impact force applied to the cask, the maximum crushing deformation and strain in the impactlimiter foam is evaluated by performing a detailed impact analysis using the energy balance method.Effects of large deformation and strain hardening of the foam are considered in this analysis. Threeorientations of drop: the end drop, the side drop, and the corner drop with CG vertically above the struckcorner are evaluated to determine the orientation resulting in maximum damage. The upper and lowerimpact limiters are essentially identical in design, thus the analyses are valid for either impact limiter.These analyses are performed using the same program identified in Section 2.6.7.

For each of the three drop orientations investigated, two bounding analyses, one to determine themaximum foam deformation and the other to determine the maximum foam deformation and the other todetermine the maximum impact force applied to the cask, were performed. In the first analysis, in order tomaximize the foam deformation, the lower bound stress-strain curve (see Figure 2.3-1) is used and theenergy absorbing capability of the foam not backed by the cask is completely neglected. In the secondanalysis, in order to maximize the impact force on the cask, the upper bound stress-strain curve (seeFigure 2.3-1) is used and the energy absorbing capability of unbacked foam is included. In this analysis alimiting maximum stress of 7,000 psi for the unbacked foam is used.
Rev. 4 ATG Nuclear Services, LLC 2-32
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2.7.1.1 Impact Analysis for End Drop. The maximum crush deformation, the maximum strain and
the impact force required for this evaluation are determined from the computer program EDROP, and are
listed below:

Upper bound analysis:
(see Table 2.7.1-1)

Lower bound analysis:
(see Table 2.7.1-2)

Impact force = 151.8g
Maximum crush deformation = 4.3 in.
Maximum foam strain = 18.7%

Impact force = 53.5g
Maximum crush deformation = 11.12 in.
Maximum foam strain = 48.4%

Depth of uncrushed foam = 23 - 11.12 = 11.88 in. The lifting lugs protrude only 4-1/2 in. from the
cask, therefore, there is adequate foam still left to protect these lugs from directly impacting the unyielding
surface.

The maximum strain of 48.4% is considerably less than the 80 percent maximum acceptable foam
strain.

The primary lid is attached to the cask cylinder by 16 1-1/2 in.- 6 UNC bolts. The impact force
resisted by the bolts is due to the 151.8g deceleration of the top lid and the contents in the cask. This
force will be reduced by the pressure the foam supporting the portion of the lid applies to the lid. This
pressure is taken as 1,000 psi, the crush strength of the foam.

Rev. 4
10114199
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TABLE 2.7.1-1 UPPER BOUND IMPACT ANALYSIS FOR END DROP -ACCIDENT
CONDITION

IMPACT ANALYSIS OF NUSPSC LLW SHIPPING CASK, - END DROP CONDITION **

TOTAL WEIGHT OF CASK
HEIGHT OF CASK DROP =

HEIGHT OF THE CASK =
RADIUS OF THE CASK =
HEIGHT OF THE CASK WITH IMPACT
LIMITERS =
RADIUS OF THE CASK WITH IMPACT
LIMITERS =
VERTICAL DISTANCE BETWEEN TOP
AND BOTTOM IMPACT LIMITERS =

RADIUS OF THE ANNULAR HOLE =

68000.0000 (Ibs)
30.0000 (ft)

84.000 (in)
38.000 (in)

130.000 (in)

56.000 (in)

40.000 (in)
27.500 (in)

INITIAL CUT ON THE SIDE OF FOAM =
NOMINAL CRUSH STRESS = 7000.00 (psi)

**** FOAM STRAIN - STRESS RELATION TABLE ****

STRAIN STRESS
IN/IN PSI

0.0000
0.1000
0.2000
0.3000
0.4000
0.5000
0.6000
0.7000
0.8000

0.0000
1400.0000
1500.0000
1650.0000
1950.0000
2500.0000
3900.0000
7750.0000

19500.0000
PRINT FREQUENCY = 20 (steps)
INCREMENTAL CRUSH DEFORMATION = 0.02 r
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TABLE 2.7.1-1 UPPER BOUND IMPACT ANLYSIS FOR END DROP - ACCIDENT CONDITIONS (CONTINUED)

CRUSH
DEFORM

(in)

CONTACT
AREA
(sq in)

CRUSHED
VOLUME

(c in)

REACTION
FORCE

(Ibs)

STRAIN
ENERGY

(ft-lbs)

KINETIC
ENERGY

(ft-lbs)

MAXIMUM STRAIN
ON CONTACT AREA

(percent)

0.50
1.00
1.50
2.00
1.50
3.00
3.50
4.00
4.30

7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2

3738.1
7476.2

11214.3
14952.4
18690.5
22428.6
26166.7
29904.8
32147.7

1484450.3
2968900.7
4453351.0
5937801.3
7178006.5
8051843.9
8925681.3
9799518.7

10323821.2

30926.0
123704.2
278334.4
494816.8
771115.8

1088404.4
1442102.8
1832211.2
2083752.9

2042833.3
2045666.7
2048500.0
2051333.3
2054166.7
2057000.0
2059833.3
2062666.7
2064366.7

2.17
4.35
6.52
8.70
10.87
13.04
15.22
17.39
18.70

Reaction Force/Weight = 10,23,21.2/68,000= 151.8l

10/14/99
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TABLE 2.7.1-2 LOWER BOUND IMPACT ANLYSIS RESULTS FOR END DROP - ACCIDENT CONDITION

IMPACT ANALYSIS OF NUSPSC LLW SHIPPING CASK, - END DROP CONDITION -

TOTAL WEIGHT OF CASK =
HEIGHT OF CASK DROP =

HEIGHT OF THE CASK =
RADIUS OF THE CASK =
HEIGHT OF THE CASK WITH IMPACT
LIMITERS =
RADIUS OF THE CASK WITH IMPACT
LIMITERS =
VERTICAL DISTANCE BETWEEN TOP
AND BOTTOM IMPACT LIMITERS =
RADIUS OF THE ANNULAR HOLE =

68000.0000 (Ibs)
30.0000 (ft)

84.000 (in)
38.000 (in)

130.000 (in)

56.000 (in)

40.000 (in)
27.500 (in)

INITIAL CUT ON THE SIDE OF FOAM =
NOMINAL CRUSH STRESS= 0.00 (psi)

**** FOAM STRAIN - STRESS RELATION TABLE ****

STRAIN
IN/IN

0.0000
0.1000
0.2000
0.3000
0.4000
0.5000
0.6000
0.7000
0.8000

STRESS
PSI

0.0000
975.0000

1025.0000
1150.0000
1350.0000
1750.0000
2500.0000
4500.0000

11500.0000
PRINT FREQUENCY = 20 (steps)
INCREMENTAL CRUSH DEFORMATION = 0.02
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TABLE 2.7.1-2 LOWER BOUND IMPACT ANALYSIS FOR END DROP - ACCIDENT CONDITION (CONTINUED)

CRUSH
DEFORM

(in)

0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
5.50
6.00
6.50
7.00
7.50
8.00
8.50
9.00
9.50

10.00
10.50
11.00
11.12

CONTACT
AREA
(sq in)

7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2
7476.2

CRUSHED
VOLUME

(c In)

3738.1
7476.2

11214.3
14952.4
18690.5
22428.6
26166.7
29904.8
33642.9
37381.0
41119.1
44857.2
48595.3
52333.4
56071.5
59809.6
63547.7
67285.8
71023.9
74762.1
78500.2
82238.3
83172.8

REACTION
FORCE

(Ibs)

457959.7
915919.4

1373879.1
1831838.8
2116008.6
2139493.7
2162978.9
2186464.0
2209949.1
2261616.3
2320329.1
2379041.9
2437754.7
2503513.0
2597453.4
2691393.9
2785334.3
2879274.8
3029579.5
3217460.4
3405341.3
3593222.2
3640192.4

STRAIN
ENERGY

(ft-lbs)

9540.8
38163.3
85867.4

152653.2
237072.4
325728.7
415363.6
505977.0
597568.9
690609.1
786066.3
883969.8
984319.8

1087145.4
1193415.6
1303599.9
1417698.4
1535711.1
1658342.5
1788489.2
1926464.2
2072267.6
2109941.6

KINETIC
ENERGY

(ft-lbs)

MAXIMUM STRAIN
ON CONTACT AREA

(percent)

2042833.3
2045666.7
2048500.0
2051333.3
2054166.7
2057000.0
2059833.3
2062666.7
2065500.0
2068333.3
2071166.7
2074000.0
2076833.3
2079666.7
2082500.0
2085333.3
2088166.7
2091000.0
2093833.3
2096666.7
2099500.0
2102333.3
2103041.7

2.17
4.35
6.52
8.70

10.87
13.04
15.22
17.39
19.57
21.74
23.91
26.09
28.26
30.43
32.61
34.78
36.96
39.13
41.30
43.48
45.65
47.83
48.37

REACTION FORCE / WEIGHT = 3640192.4/68000 =_ 55g
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Safety Analysis Report for the 10-135 Radwaste Shipping Cask : STD-R-02-019

There is an additional force applied to the lid (and hence the bolts) due to internal pressure in the cask.
Article 71.71 c (3) of 10 CFR 71 specifies the consideration of reduced external pressure of 3.5 psi.
Assuming an ambient pressure of 14.7 psi inside the cask, a differential pressure of 14.7 - 3.5 11.2 psi
will be applied internally to the cask and the lid.

Weight of primary and secondary lid = 7,200 lbs.

Weight of contents = 10,000 lbs.

Deceleration = 151.8g

Area of primary lid supported by the foam
= (it/4) [(76)2 _ (55)2] = 2,160 in. 2

Area of primary lid = (n /4) (66)2 = 3,421 in. 2

Total load on primary lid
= (17,200) (151.8) - (1,000) (2,160) + (11.2) (3,421) = 489,275 lbs.

There are 16 bolts, making the force per bolt = 489,275/16 = 30,580 lbs.

The tension area of a 1-1/2 in. UNC - 6 bolt:

2A, = 1.405 in.

Allowable stress is 0.7FtU = (0.7) (150,000) = 105,000 psi

Margin of safety = 105,000/(30,542/1.405) - 1 = 3.83

The margin of safety against shearout of the primary lid bolts is calculated by checking the thread
engagement length (Reference: Machinery Handbook, 17th Edition, 1964, pp. 1050-1051). Engagement
length L, is given by:

L. = (2) (At)/(1n Knm ) [0.5 + 0.577 (n) (Esmin - Knmax)]

If external thread and internal thread materials have different strength, then engagement length Q is
given by:

Q = J Le

where:

J = (As) (Fw.)/(An)(Ftu1 )

and

As= X n Le Knmax [0.5 n-' + 0 577 (Es; - n )]

An = x n Le Dsmin [0.5 n-1 + 0.577 (Din - En. )]

At = Tension area of bolt = 1.405 in.2

Rev. 4 ATG Nuclear Services, LLC 2-38
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Safety Analysis Report for the 10-1 35 Radwaste Shipping Cask STD-R-02-019

n = number of threads/inch = 6

Kn Tmax= Maximum minor diameter of internal thread = 1.350 in.

Es i= Minimum pitch diameter of external thread 1.3812 in.

Esmin = Minimum major diameter of external thread = 1.4794 in.

En = Maximum pitch diameter of internal thread = 1.4022 in.

[Machinery Handbook, 17th Edition, The Industrial Press, New York, 1964, p. 1136.]

Le = 1.09 in.

A, = 2.81 in.2

An= 3.886 in.

Ftu of external thread material = Fu= 150,000 psi

Ftu of internal thread material = Ft= 70,000 psi

J = (2.81)(150,000)/(3.886)(70,000) = 1.55

Required thread engagement length = (1.09) (1.55) = 1.69 in.

The actual thread engagement provided = 2.25 in.

Margin of safety = (2.25/1.69) - 1 = 0.331

Therefore, the bolts are adequate.

The 29 in. diameter secondary lid is attached to the primary lid by 16 1-1/4 in. - 7 UNC bolts of
ASTM A354 Gr. BD. The secondary lid does not receive any support from the impact limiter foam.

Weight of the secondary lid = 1,755 lbs.
Weight of the contents = (10,000) (29/66)2 = 1,931 lbs.
Total Weight = 3,686 lbs.

Total force on the bolts = (3,686) (151.8) + (i / 4) (29)2 (11.2)
= 566,933 lbs.

Force/bolt = 566,933/16 = 35,433 Ibs.

Tension area of 1-1/4 in. - 7 UNC bolt is:

A, = (0.7854)[1.25 - (0.9743/7)]2 = 0.969 in.2

Allowable stress = 105,000 psi (0.7 FJu)

Margin of safety = 105,000/(35,544/0.969) - 1 = 1.863
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Safety Analysis Report for the 10-135 Radwaste Shipping Cask STD-R-02-01 9

Once again the margin of safety against shear-out of the bolts is calculated by checking the thread
engagement length. For the 1-1/4 in. - 7 UNC bolts: [Machinery Handbook, 17th Edition, The Industrial
Press, New York, 1964, p. 1134.]

2A = 0.969 in.

n=7

Km= 1.123 in.

E = 1.1476 in.

D = 1.2314 in.

En =1.1668 in.

L, = (2) (0.969) 1{(nt) (1.123) [0.5 + (0.577) (7) (1.1476 -1.123)]}
= 0.917 in.

A. = (K) (7) (0.917) (1.123) [(0.5) (7)-1 + 0.577 (1.1476 -1.123)]
= 1.9392 in.2

A. = (x ) (7) (0.917) (1.2314) [(0.5) (7)-' + 0.577 (1.2314 -1.1668)]
= 2.6999 in.2

Q = (1.9392) (150,000) (0.917)/(2.6999) (70,000) = 1.411 in.

The actual engagement length provided is 1.875 in.

Margin of safety = (1.875/1.411) - 1 = 0.329

The secondary lid bolts are adequate.

In the case of the end drop with the bottom impact limiter impacting the unyielding surface, the
deceleration forces due to the weights of the cask shell and associated steel, cask lids and the top impact
limiter are reacted through the welds between the bottom plate and the cask shell.

Weight of top impact limiter = 5,200 lbs.
Weight of cask steel shells + associated steel = 9,900 Ibs.
Weight of top lids = 7,200 lbs.
Total weight = 22,300 lbs.
Deceleration = 151.8g
Total impact force = (22,300) (151.8) = 3.385 x 106 lb.

There is 1/2 in. fillet weld between the innershell and the bottom plate and 1/2 in. 450 groove + 1/2
in. fillet weld between the outer shell and the bottom plate.

Rev. 4
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Total weld area = (n ) (66) (.5) (.707) + (7X) (74) (1) (.707)

= 237.7 in.2

Stress in the weld = 3.385 x 106/237.7 = 14,241 psi

Allowable shear stress in the base metal (A516 Gr.70) = 22,000 psi

Margin of safety = (22,000/14,241) - 1 = 0.545

The same force is also applied to the steel shell of the cask. On account of the larger cross section
and higher allowable stress for the shell compared to the welds the shell is adequate.

Therefore, the 10-135 shipping cask will withstand the 30 ft. end drop and maintain its functional
capability.

2.7.1.2 Impact Analysis for Side Drop . The maximum crush deformation of the foam, the
maximum strain in the foam and the impact force required for this evaluation are determined from the
computer program SDROP and are given below:

Upper bound analysis:
(see Table 2.7.1.-3)

Lower bound analysis:
(see Table 2.7.1.-4)

Impact force = 104.1g
Maximum crush deformation = 6.56 in.
Maximum foam strain = <70%

Impact force = 75.8g
Maximum crush deformation = 11.39 in.
Maximum foam strain = <70%

Depth of the uncrushed foam = 18 - 11.39 = 6.61 in.

The two components that protrude from the cask are the impact limiter tie down lugs which project
4.5 in. from the cask body and the tiedown lugs which project 6 in. from the cask body. Therefore, there is
adequate uncrushed foam that will prevent these lugs from directly impacting the unyielding surface.
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TABLE 2.7.1-3 UPPER BOUND IMPACT ANALYSIS FOR SIDE DROP - ACCIDENT CONDITION

IMPACT ANALYSIS OF NUSPSC LLW SHIPPING CASK, - SIDE DROP CONDITION

TOTAL WEIGHT OF CASK = 68000.0000 (Ibs)
HEIGHT OF CASK DROP = 30.0000 (ft)

HEIGHT OF THE CASK = 84.000 (in)
RADIUS OF THE CASK = 38.000 (in)
HEIGHT OF THE CASK WITH IMPACT
LIMITERS = 130.000 (in)
RADIUS OF THE CASK WITH IMPACT
LIMITERS = 56.000 (in)
VERTICAL DISTANCE BETWEEN TOP
AND BOTTOM IMPACT LIMITERS = 40.000 (in)
RADIUS OF THE ANNULAR HOLE = 27.500 (in)

INITIAL CUT ON THE SIDE OF FOAM =
NOMINAL CRUSH STRESS = 7000.00 (psi)

FOAM STRAIN - STRESS RELATION TABLE

STRAIN STRESS
IN/IN PSI

0.0000 0.0000
0.1000 1400.0000
0.2000 1500.0000
0.3000 1650.0000
0.4000 1950.0000
0.5000 2500.0000
0.6000 3900.0000
0.7000 7750.0000
0.8000 19500.0000 INCREMENTAL CRUSH DEFORMATION = 0.25

Rev. 4
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1ABLE 2.7.1-3 UPPER BOUND IMPACT ANALYSIS FOR SIDE DROP - ACCIDENT CONDITION (CONTINUED)

CRUSH CONTACT CRUSHED REACTION STRAIN KINETIC MAXIMUM STRAIN
DEFORM AREA VOLUME FORCE ENERGY ENERGY ON CONTACT AREA

(in) (sq in) (c in) (Ibs) (ft-lbs) (ft-lbs) <.7 .7<.8 .8<.9 .9<.95 <.95

0.25 951.4 158.6 123223.8 1028.4 2041416.7 1.00 0.00 0.00 0.00 0.00
0.50 1344.0 448.4 347836.1 5804.9 2042833.3 1.00 0.00 0.00 0.00 0.00
0.75 1644.2 823.2 637743.9 15971.9 2044250.0 1.00 0.00 0.00 0.00 0.00
1.00 1896.4 1266.6 979914.7 32739.4 2045666.7 1.00 0.00 0.00 0.00 0.00
1.25 2117.9 1768.9 1366740.6 57111.2 2047083.3 1.00 0.00 0.00 0.00 0.00
1.50 2317.4 2323.7 1793038.7 89960.7 2048500.0 1.00 0.00 0.00 0.00 0.00
1.75 2500.2 2926.2 2254968.2 132068.4 2049916.7 1.00 0.00 0.00 0.00 0.00
2.00 2669.8 3572.7 2668573.8 183300.9 2051333.3 1.00 0.00 0.00 0.00 0.00
2.25 2828.6 4260.2 3005538.8 242355.7 2052750.0 1.00 0.00 0.00 0.00 0.00
2.50 2978.2 4986.2 3305382.2 308047.2 2054166.7 1.00 0.00 0.00 0.00 0.00
2.75 3120.0 5748.6 3582864.3 379755.3 2055583.3 1.00 0.00 0.00 0.00 0.00
3.00 3255.0 6545.6 3843779.3 457074.1 2057000.0 1.00 0.00 0.00 0.00 0.00
3.25 3384.0 7375.6 4091769.7 539696.2 2058416.7 1.00 0.00 0.00 0.00 0.00
3.50 3507.7 8237.2 4329233.9 627377.0 2059833.3 1.00 0.00 0.00 0.00 0.00
3.75 3626.6 9129.1 4559708.9 719934.0 2061250.0 1.00 0.00 0.00 0.00 0.00
4.00 3741.2 10050.1 4787668.3 817267.8 2062666.7 1.00 0.00 0.00 0.00 0.00
4.25 3851.9 10999.3 5011792.2 919312.4 2064083.3 1.00 0.00 0.00 0.00 0.00
4.50 3959.0 11975.8 5232363.7 1025990.5 2065500.0 1.00 0.00 0.00 0.00 0.00
4.75 4062.7 12978.6 5449515.2 1137229.4 2066916.7 1.00 0.00 0.00 0.00 0.00
5.00 4163.4 14006.9 5663668.5 1252962.3 2068333.3 1.00 0.00 0.00 0.00 0.00
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STD-R-02-019Safety Analysis Report for the 10-135 Radwaste Shipping Cask

TABLE 2.7.1-3 UPPER BOUND IMPACT ANALYSIS FOR SIDE DROP -ACCIDENT CONDITION (CONTINUED)
(PAGE 2)

CRUSH
DEFORM

(in)

5.25
5.50
5.75
6.00
6.25
6.50
6.56

CONTACT CRUSHED REACTION
AREA VOLUME FORCE
(sq in) (c in) (Ibs)

4261.2
4356.4
4449.1
4539.4
4627.6
4713.6
4734.8

15060.0
16137.3
17238.0
18361.6
19507.6
20675.2
20970.5

5875294.2
6087889.6
6312361.8
6543164.1
6778163.0
7016559.0
7076511.0

STRAIN
ENERGY

(ft-lbs)

1373131.5
1497720.6
1626863.4
1760749.6
1899488.7
2043159.8
2079860.1

KINETIC
ENERGY

(ft-Ibs)

2069750.0
2071166.7
2072583.3
2074000.0
2075416.7
2076833.3
2077187.5

MAXIMUM STRAIN
ON CONTACT AREA

<.7 .7<.8 .8<.9 .9<.95 <.95

1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

REACTION FORCE / WEIGHT = 7076511 /68000 = 104.1a
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TABLE 2.7.1-4 LOWER BOUND IMPACT ANALYSIS RESULTS FOR SIDE DROP - ACCIDENT CONDITION

IMPACT ANALYSIS OF NUSPSC LLW SHIPPING CASK, - SIDE DROP CONDITION **

TOTAL WEIGHT OF CASK =

HEIGHT OF CASK DROP

HEIGHT OF THE CASK =
RADIUS OF THE CASK =
HEIGHT OF THE CASK WITH IMPACT
LIMITERS =
RADIUS OF THE CASK WITH IMPACT
LIMITERS =
VERTICAL DISTANCE BETWEEN TOP
AND BOTTOM IMPACT LIMITERS
RADIUS OF THE ANNULAR HOLE =

68000.0000 (Ibs)
30.0000 (ft)

84.000 (in)
38.000 (in)

130.000 (in)

56.000 (in)

40.000 (in)
27.500 (in)

INITIAL CUT ON THE SIDE OF FOAM =
NOMINAL CRUSH STRESS= 0.00 (psi)

**** FOAM STRAIN - STRESS RELATION TABLE ****

STRAIN
IN/IN

STRESS
PSI

0.0000
0.1000
0.2000
0.3000
0.4000
0.5000
0.6000
0.7000
0.8000

0.0000
975.0000

1025.0000
1150.0000
1350.0000
1750.0000
2500.0000
4500.0000

11500.0000
INCREMENTAL CRUSH DEFORMATION = 0.25

Al U Nuclear �eMces, LLU
Rev. 4
10/14/99

AI G Nuclear Services, LLC; Z 43



(
SaeyAalyss Rpr o h s 10- 5Rd hpigCs : STD-R-02-019

-

Safety Analysis Report for the 10-1 35 Radwaste ShIppIng Cask STD-R-02-O1 9

TABLE 2.7.1-4 LOWER BOUND IMPACT ANALYSIS RESULTS FOR SIDE DROP - ACCIDENT CONDITIONS (CONTINUED)

CRUSH CONTACT
DEFORM AREA

(in) (sq in)

CRUSHED
VOLUME

(c in)

REACTION
FORCE

(Ibs)

STRAIN KINETIC
ENERGY ENERGY

(ft-ibs) (ft-lbs)

STRAIN DISTRIBUTION ON CONTACT AREA
PORTION OF TOTAL AREA WITH STRAIN
<.7 .7<.8 .8<.9 .9<.95 <.95

0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00
4.25
4.50
4.75
5.00
5.25
5.50
5.75
6.00
6.25
6.50
6.75

951.4
1344.0
1644.2
1896.4
2117.9
2317.4
2500.2
2669.8
2828.6
2978.2
3120.0
3255.0
3384.0
3507.7
3626.6
3741.2
3851.9
3959.0
4062.7
4163.4
4261.2
4356.4
4449.1
4539.4
4627.6
4713.6
4797.7

158.6
448.4
823.2

1266.6
1768.9
2323.7
2926.2
3572.7
4260.2
4986.2
5748.6
6545.6
7375.6
8237.2
9129.1

10050.1
10999.3
11975.8
12978.6
14006.9
15060.0
16137.3
17238.0
18361.6
19507.6
20675.2
21864.2

41954.8
118429.9
217136.6
333637.6
465342.6
610487.0
767763.0
907987.8

1021329.2
1121549.4
1213795.8
1300095.0
1381724.0
1459525.7
1535455.4
1612203.0
1688411.9
1763982.1
1838858.2
1913110.3
1986841.7
2060907.0
2137951.4
2216610.6

'2296382.7
2377058.1
2458513.1

350.2 2041416.7
1976.4 2042833.3
5438.0 2044250.0

11147.0 2045666.7
19445.0 2047083.3
30629.5 2048500.0
44966.2 2049916.7
62403.4 2051333.3
82483.2 2052750.0

104788.8 2054166.7
129100.1 2055583.3
155272.2 2057000.0
183194.2 2058416.7
212777.6 2059833.3
243963.0 2061250.0
276739.4 2062666.7
311109.5 2064083.3
347061.1 2065500.0
384580.2 2066916.7
423653.2 2068333.3
464268.0 2069750.0
506422.8 2071166.7
550151.9 2072583.3
595503.2 2074000.0
642505.1 2075416.7
691178.6 2076833.3
741541.3 2078250.0

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
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TABLE 2.7.1-4 LOWER BOUND IMPACT ANALYSIS RESULTS FOR SIDE DROP - ACCIDENT CONDITIONS (CONTINUED)

(PAGE 2)

CRUSH CONTACT
DEFORM AREA

(in) (sq in)

CRUSHED
VOLUME

(c in)

REACTION
FORCE

(Ibs)

STRAIN KINETIC
ENERGY ENERGY

(ft-lbs) (ft-ibs)

STRAIN DISTRIBUTION ON CONTACT AREA
PORTION OF TOTAL AREA WITH STRAIN
<.7 .7<.8 .8<.9 .9<.95 <.95

7.00
7.25
7.50
7.75
8.00
8.25
8.50
8.75
9.00
9.25
9.50
9.75

10.00
10.25
10.50
10.75
11.00
11.25
11.38
11.39

4880.0 23074.0 2540563.8 793607.4 2079666.7
4960.4 24304.0 2624012.5 847397.6 2081083.3
5039.2 25554.0 2716921.5 903025.2 2082500.0
5116.4 26823.5 2816103.4 960653.9 2083916.7
5192.0 28112.1 2919693.0 1020395.0 2085333.3
5266.2 29419.4 3027080.6 1082334.0 2086750.0
5338.9 30745.0 3137715.9 1146544.3 2088166.7
5410.3 32088.7 3251219.6 1213089.5 2089583.3
5480.4 33450.1 3367389.1 1282027.3 2091000.0
5549.2 34828.8 3499760.0 1353554.3 2092416.7
5616.9 36224.6 3645251.6 1427975.8 2093833.3
5683.4 37637.2 3800253.5 1505527.6 2095250.0
5748.7 39066.2 3962958.0 1586389.1 2096666.7
5813.0 40511.4 4132662.0 1670713.3 2098083.3
5876.2 41972.6 4308413.9 1758636.1 2099500.0
5938.5 43449.5 4489872.5 1850280.0 2100916.7
5999.7 44941.8 4709905.6 1946106.2 2102333.3
6060.0 46449.3 4982826.5 2047067.6 2103750.0
6089.8 47208.6 5130903.5 2099742.7 2104458.3
6093.5 47303.8 5150094.9 2106436.0 2104546.9

REACTION FORCE / WEIGHT = 5150094.9/68000 = 75.8 a

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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The maximum strain in the foam is well below the 80% maximum acceptable strain in the foam.

The bolts attaching the primary lid to the cask body are loaded in shear by the deceleration force
due to the weight of the lids. The bolts attaching the secondary lid to the primary lid are loaded in shear by
the deceleration force due to the weight of the secondary lid. These bolts will now be evaluated.

Area of the 1-1/2 in. - 6 UNC bolts attaching the primary lid to the cask:

Tensile Area = 1.405 in.2

Shear Area = 1.29 in.2

Allowable shear stress Fob (smaller of 0.42 FU or 0.6Ft,)
= (0.42) (150,000) = 63,000 psi

Weight of the primary + secondary lid = 7,200 lbs.

Deceleration = 104.2g

Total shear force on each of the 16 bolts is = (7,200) (104.1)/16
= 46,890 lbs.

Shear stress in the bolt f, = 46,89011.29 = 36,349 psi

Axial force in the bolt due to 11.2 psi internal pressure
= (7r/4) (66)2 (11.2)/16 = 2,395 lbs.

Axial stress f, = 2,395/1.405 = 1,705 psi

Allowable axial stress Ft, = 0.7Fu = 105,000 psi

Using the interaction equation:

(fV/Fy)2 + (fh/F~) 2

= (1,705/105,000)2 + (36,349/63,000)2 = 0.333 < 1

Therefore, the primary lid bolts are adequate to resist the side drop imposed loads.

The bolts attaching the secondary lid to the primary lid are 1-1/4 in. - 7 UNC ASTM A354 Gr. BD.

Tensile area of the bolts = 0.969 in.2
Shear area of bolts = 0.890 in.2
Allowable tensile stress (0.7F,) = 105,000
Allowable shear stress (0.42F.) = 63,000 psi
Weight of secondary lid = 1,755 lbs.
Deceleration = 104.1g

Total shear force on each of the 16 bolts is = (1,755) (104.1)/16
= 11,418 lbs.

Shear stress = 11,429/0.890 = 12,842 psi

Rev. 4 ATG Nuclear Services, LLC 2-48
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Axial force in the bolts = (2,395) (29/66)2 = 462 lbs.
Axial stress = 462/.969 = 477 psi

Using the interaction equation:

(f/F )2 + (f)F ) 2

= (12,842/63,000)2 + (477/105,000)2 = 0.042 < 1

Therefore, the secondary lid bolts are structurally adequate to resist the side drop imposed loads.

During the side drop, the cask shell will act as a beam supported by the two impact limiters with a
total uniform load equal to the impact force. Due to this force:

Maximum bending moment = WL/8 = (68,000) (104.1) (84)18 = 74,400,000 in-lb.

The moment of inertia of the shell = (7r/64) [(76)4 - (74)4J = 165,700 in.4

Maximum bending stress = (74,400,000) (38)/165,700 = 17,062 psi

The allowable stress for this load condition for the A516 Gr.70 steel is
FY = 38,000 psi.

Margin of safety = (38,000/17,062) -1 = 1.227

The evaluations for the side drop conditon demonstrates that the cask adequately withstands the
30 ft. side drop and maintains its functional capability.

2.7.1.3 Impact Analysis for Comer Drop. The evaluation of the cask for a 30 ft. drop on a comer,
with the center of gravity vertically above the struck corner, is based on the computer program CDROP.
The evaluation performed by this program determines the maximum crush deformation of the foam, the
impact force on the cask and the maximum strain in the foam. The quantities obtained from the evaluation
are given below:

Upper bound analysis: Impact force = 62.6g
(see Table 2.7.1.-5) Maximum crush deformation = 18.45 in.

Maximum foam strain <70%

Lower bound analysis: Impact force = 55.3g
(see Table 2.7.1.-6) Maximum crush deformation = 23.42 in.

Maximum foam strain <80%

Since the line joining the corners of the cask and the impact limiter is not coincident with the line
joining the center of gravity of the cask and the struck comer of the impact limiter (see Figure 2.7.1-1), the
maximum foam strain is calculated as follows:

Consider the fiber OG. The deflection along this fiber is A,, = 23.42 in.

Length of the fiber OG = 231cos 0, = 30.36 in.

Strain = 23.42/30.36 = 0.771 or 77.1% <80%

Rev. 4 ATG Nuclear Services, LLC 2-49
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TABLE 2.7.1-5 UPPER BOUND IMPACT ANALYSIS RESULTS FOR CORNER DROP - ACCIDENT CONDITIONS

** IMPACT ANALYSIS OF NUSPSC LLW SHIPPING CASK - CORNER DROP CONDITION **

TOTAL WEIGHT OF CASK =
HEIGHT OF CASK DROP =

HEIGHT OF CASK =
RADIUS OF CASK =
HEIGHT OF CASK WITH IMPACT
LIMITERS =
RADIUS OF CASK WITH IMPACT
LIMITERS =
VERTICAL DISTANCE BETWEEN TOP
AND BOTTOM IMPACT LIMITERS =

RADIUS OF THE ANNULAR HOLE

68000.0000 (Ibs)
30.0000 (ft)

84.000 (in)
38.000 (in)

130.000 (in)

56.000 (in)

40.000 (in)
27.500 (in)

NOMINAL CRUSH STRESS = 7000.00 (psi)

****FOAM STRAIN - STRESS RELATION TABLE ****

STRAIN
IN/IN

STRESS
PSI

0.0000
0.1000
0.2000
0.3000
0.4000
0.5000
0.6000
0.7000
0.8000

0.0000
1400.0000
1500.0000
1650.0000
1950.0000
2500.0000
3900.0000
7750.0000

19500.0000

PRINT FREQUENCY = 20 (STEPS)
ORIENTATION ANGLE OF CASK DROP (DEGREES) = 40.75
INCREMENTAL CRUSH DEFORMATION = 0.0250

Rev. 4
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TABLE 2.7.1-5 UPPER BOUND IMPACT ANALYSIS RESULTS FOR CORNER DROP - ACCIDENT CONDITIONS (CONTINUED)

CRUSH CONTACT CRUSHED
DEFORM

(in)
AREA
(sq in)

VOLUME
(c in)

REACTION
FORCE

(Ibs)

STRAIN
ENERGY

(ft-lbs)

KINETIC STRAIN DISTRIBUTION ON CONTACT AREA
ENERGY

(ft-lbs)
PORTION OF TOTAL AREA WITH STRAIN

<.7 .7<.8 .8<.9 .9<.95 <.95

0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
5.50
6.00
6.50
7.00
7.50
8.00
8.50
9.00
9.50

10.00
10.50
11.00
11.50
12.00
12.50
13.00
13.50
14.00

12.5
35.2
64.5
99.1

138.2
181.3
227.9
277.9
330.9
386.7
445.2
506.1
569.5
635.0
702.7
772.4
844.1
917.6
992.9

1069.9
1148.5
1228.8
1310.5
1393.7
1478.3
1564.2
1651.4
1740.0

2.5
14.1
38.8
79.5

138.6
218.3
320.4
446.8
598.8
778.1
986.0

1223.7
1492.5
1793.5
2127.8
2496.5
2900.6
3340.9
3818.5
4334.1
4888.7
5482.9
6117.7
6793.7
7511.6
8272.1
9076.0
9923.8

1196.3
6753.7

18581.6
38086.3
66434.0

104627.0
152000.0
206567.1
267424.7
334013.2
405932.4
482877.9
564681.6
651241.9
742448.4
838201.4
938413.1

1043025.9
1152249.8
1266300.0
1385293.7
1509318.1
1638444.2
1772802.2
1912969.7
2059415.4
2212459.5
2372366.0

14.3
161.0
664.5

1816.3
3961.4
7489.6

12808.8
20255.9
30110.0
42620.9
58018.6
76518.4
98325.9

123641.4
152660.7
185575.3
222572.8
263837.4
309555.9
359925.4
415149.7
475436.5
540997.1
612045.9
688811.7
771547.4
860521.4
956014.4

2042833.3
2045666.7
2048500.0
2051333.3
2054166.7
2057000.0
2059833.3
2062666.7
2065500.0
2068333.3
2071166.7
2074000.0
2076833.3
2079666.7
2082500.0
2085333.3
2088166.7
2091000.0
2093833.3
2096666.7
2099500.0
2102333.3
2105166.7
2108000.0
2110833.3
2113666.7
2116500.0
2119333.3

1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00. 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
too 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

'__. - … . . *1 A .. l £ -
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TABLE 2.7.1-5 UPPER BOUND IMPACT ANALYSIS RESULTS FOR CORNER DROP -ACCIDENT CONDITIONS (CONTINUED)
(PAGE 2)

CRUSH CONTACT CRUSHED REACTION
DEFORM AREA VOLUME FORCE

(in) (sq in) (c in) (Ibs)

STRAIN KINETIC STRAIN DISTRIBUTION ON CONTACTAREA
ENERGY ENERGY PORTION OF TOTAL AREA WITH STRAIN

(ft-lbs) (ft-lbs) <.7 .7<.8 .8<.9 .9<.95 <.95

14.50 1829.7
15.00 1920.6
15.50 2012.6
16.00 2105.7
16.50 2199.9
17.00 2295.1
17.50 2391.2
18.00 2488.3
18.45 2576.5

10816.2 2539364.2 1058317.2 2122166.7
11753.7 2714067.8 1167733.5 2125000.0
12736.9 2898564.9 1284626.4 2127833.3
13766.4 3094322.0 1409437.3 2130666.7
14842.8 3302396.2 1542658.0 2133500.0
15966.5 3523669.8 1684820.6 2136333.3
17138.0 3758915.6 1836491.4 2139166.7
18357.9 4010683.0 1998288.6 2142000.0
19497.5 4256579.0 2153237.2 2144550.0

1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

REACTION FORCE / WEIGHT = 4256579 / 68000 = 62.6 g
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TABLE 2.7.1-6 LOWER BOUND IMPACT ANALYSIS RESULTS FOR CORNER DROP - ACCIDENT CONDITION

**IMPACT ANALYSIS OF NUSPSC LLW SHIPPING CASK, - CORNER DROP CONDITION **

TOTAL WEIGHT OF CASK =
HEIGHT OF CASK DROP =

HEIGHT OF THE CASK =
RADIUS OF THE CASK =
HEIGHT OF THE CASK WITH IMPACT
LIMITERS =
RADIUS OF THE CASK WITH IMPACT
LIMITERS =
VERTICAL DISTANCE BETWEEN TOP
AND BOTTOM IMPACT LIMITERS =

RADIUS OF THE ANNULAR HOLE =

68000.0000 (Ibs)
30.0000 (ft)

84.000 (in)
38.000 (in)

130.000 (in)

56.000 (in)

40.000 (in)
27.500 (in)

NOMINAL CRUSH STRESS= 0.00 (psi)

**** FOAM STRAIN - STRESS RELATION TABLE ****

STRAIN STRESS
IN/IN PSI

0.0000
0.1000
0.2000
0.3000
0.4000
0.5000
0.6000
0.7000
0.8000

0.0000
975.0000

1025.0000
1150.0000
1350.0000
1750.0000
2500.0000
4500.0000

11500.0000

PRINT FREQUENCY = 20 (steps)
INCREMENTAL CRUSH DEFORMATION = 0.0250
ORIENTATOIN ANGLE OF CASK DROP (DEGREES) = 40.75

Rev. 4
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TABLE 2.7.1-6 LOWER BOUND IMPACT ANALYSIS RESULTS FOR CORNER DROP - ACCIDENT CONDITIONS (CONTINUED)
(PAGE 2)

CRUSH CONTACT CRUSHED
DEFORM AREA VOLUME

(in) (sq in) (c in)

REACTION STRAIN KINETIC
FORCE ENERGY ENERGY

(Ibs) (ft-lbs) (ft-Rbs)

STRAIN DISTRIBUTION ON CONTACT AREA
PORTION OF TOTAL AREA WITH STRAIN

<.7 .7<.8 .8<.9 .9<.95 <.95

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5

12.5
35.2
64.5
99.1

138.2
181.3
227.9
277.9
330.9
386.7
445.2
506.1
569.5
635.0
702.7
772.4
844.1
917.6
992.9

1069.9
1148.5
1228.8
1310.5
1393.7
1478.3
1564.2
1651.4

2.5
14.1
38.8
79.5

138.6
218.3
320.4
446.8
598.8
778.1
986.0

1223.7
1492.5
1793.5
2127.8
2496.5
2900.6
3340.9
3818.5
4334.1
4888.7
5482.9
6117.7
6793.7
7511.6
8272.1
9076.0

685.8
3869.1

10637.5
21788.0
37977.4
59767.0
86741.0

117713.0
152133.4
189655.9
230028.7
273058.5
318681.7
366876.5
417155.6
468871.8
521623.9
575103.5
629155.8
683689.8
739073.3
795692.8
853740.3
913391.1
975087.1

1039174.9
1105849.7

8.2 2042833.3
92.3 2045666.7

380.6 2048500.0
1039.7 2051333.3
2266.4 2054166.7
4282.5 2057000.7
7319.5 2059833.3

11566.3 2062666.7
17176.8 2065500.0
24287.1 2068333.3
33021.1 2071166.7
43493.1 2074000.0
55812.0 2076833.3
70085.8 2079666.7
86414.0 2082500.0

104868.7 2085333.3
125501.0 2088166.7
148347.3 2091000.0
173434.3 2093833.3
200783.4 2096666.7
230420.5 2099500.0
262390.1 2102333.3
296748.1 2105166.7
333557.2 2108000.0
372892.6 2110833.3
414847.8 2113666.7
459526.5 2116500.0

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

' 0.00
0.00
0.00
0.00
0.00
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TABLE 2.7.1-6 LOWER BOUND IMPACT ANALYSIS RESULTS FOR CORNER DROP - ACCIDENT CONDITIONS (CONTINUED)
(PAGE 3)

CRUSH CONTACT CRUSHED REACTION
DEFORM

(in)
AREA VOLUME
(sq in) (c in)

FORCE
(Ibs)

STRAIN KINETIC
ENERGY ENERGY

(ft-lbs) (ft-lbs)

STRAIN DISTRIBUTION ON CONTACT AREA
PORTION OF TOTAL AREA WITH STRAIN

<.7 .7<.8 .8<.9 .9<.95 <.95

14.0
14.5
15.0
15.5
16.0
16.5
17.0
17.5
18.0
18.5
19.0
19.5
20.0
20.5
21.0
21.5
22.0
22.5
23.0
23.4

1740.0 9923.8
1829.7 10816.2
1920.6 11753.7
2012.6 12736.9
2105.7 13766.4
2199.9 14842.8
2295.1 15966.5
2391.2 17138.0
2488.3 18357.9
2586.4 19626.5
2685.3 20944.4
2785.0 22312.0
2885.6 23729.6
2987.0 25197.7
3089.1 26716.7
3191.9 28286.9
3295.5 29908.7
3399.7 31582.5
3504.5 33308.5
3594.2 34817.0

1175269.5
1247576.5
1323035.3
1402402.9
1486207.7
1574792.3
1667304.1
1760241.9
1854277.0
1951910.6
2054679.4
2163619.5
2281295.9
2411716.5
2560258.7
2736651.3
2946746.8
3194894.2
3484629.1
3762140.6

507040.1 2119333.3
557505.8 2122166.7
611048.0 1225000.0
667813.4 2127833.3
727976.7 2130666.7
791730.5 2133500.0
859269.4 2136333.3
930675.8 2139166.7

1005969.5 2142000.0
1085249.5 2144833.3
1168700.4 2147666.7
1256558.6 2150500.0
1349119.5 2153333.3
1446844.6 2156166.7
1550344.1 2159000.0
1660588.4 2161833.3
1778867.8 2164666.7
1906680.0 2167500.0
2045687.5 2170333.3
2173978.0 2172741.7

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.99
0.98
0.97
0.95
0.93
0.91

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.03
0.05
0.07
0.09

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

REACTION FORCE / WEIGHT = 3762140.6 / 68000 = 55.3 a
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FIGURE 2.7.1-1 Geometry for calculating actual foam strains
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Consider the fiber DF. The length of this fiber is = FC - CD

FC = OF cos (01 - 02) = [(23)2 + (18)2105 (cos 2.7) = 29.1737 in.

OC = OF sin (01 - (2) = [(23)2 + (18)21]5 (sin 2.7) = 1.3758 in.

CD = OC tan 01, = 1.3758/tan 40.75 = 1.5967 in.

Length of fiber DF = 29.1737 - 1.5967 = 27.5770 in.

Crush displacement of this fiber = - 1.5967 in. = 23.42 - 1.5967
= 21.8233

Strain in the fiber = 21.8233/27.5770 = 0.791 or 79.1% <80%

Therefore, the maximum strain in the foam is less than 80%. Also, there are no protruding parts of
the cask that will impact the unyielding surface for this drop orientation. The adequacy of the lid bolts will
now be investigated.

The worst corner drop condition for the lid bolts is when the top impact limiter strikes the unyielding
surface. In this case the deceleration force due to the weight of the lid and the contents will be resisted by
the lid bolts. The deceleration forces due to the weight of the other components are transmitted through
the case shell to the impact limiter directly.

Considering the primary lid bolts, the impact forces consist of the following:

(a) The force component along the axis of the cask loads these bolts axially.

(b)The force component along the direction perpendicular to the axis of the cask loads these bolts in
shear.

The bolts will be under combined axial and shear force and are evaluated using the interaction equation
given in Paragraph F-1335.3 of Appendix F, ASME Section 1I1.

Weight of primary + secondary lids = 7,200 lbs.
Weight of the contents in the cask = 10,000 lbs.
Deceleration = 62.6g
Angle from vertical during drop = 40.75°
(center of gravity vertically above the struck comer)

Total axial force applied to the primary lid bolts

= (7,200 + 10,000) (62.6) cos 40.75 = 815,685 lbs.

Total shear force applied to the primary lid bolts

= (7,200) (62.6) sin 40.75 = 294,212 lbs.

The total shear force is uniformly distributed among the 16 primary lid bolts. Therefore, the shear
force per bolt = 294,212/16 = 18,388 lbs.

The shear area of each bolt is 1.29 in.2 and, therefore, the shear stress in each bolt is f, =
18,388/1.29 = 14,254 psi.
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The axial force in bolts is calculated by assuming that the lid pivots about the point of impact, as
shown in Figure 2.7.1-2. The largest axial force occurs in bolt 9 which is farthest from the point of impact.
The bolt forces vary linearly from a minimum for bolt 1 to a maximum for bolt 9 (see Figure 2.7.1-2).

Distance of bolt i from A, t

= (R. - R2) + R2 (1 - cos ai) ; where ai = (i - 1) (n)18

= R. - R2 cos cx

Force in bolt i:

Pi = Pmax (R1 - R2 cos ai)/(Rl + R2)

Taking moments about A of the forces in the bolt Pi and the impact force W, = W Cos 0.

16
E Pmax (R. - R2 cos i)2/(R, + R2 cos ai) = W, RI
i=1

16
P.x E R. - R2 cos [(i - 1) /8] 2 = RI (RI + R2) W,

i=1

Pma, [5.6406 + (2) (25.8754 + 164.0787 + 593.7459 + 1,444 + 2,665.9767 + 3,993.0619 + 5,028.6831) +
5,420.6406] = 2,797.75 W,

Pm,,,= 0.084125 W,

= (0.084125) (815,685)
= 68,620 lbs.

ft= [68,620 + (1/16) (it /4) (66)2 (11.2)J/1.405 = 50,544 psi
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FIGURE 2.7.1-2 Force distribution in the primary lid bolts
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Allowable tensile stress on the bolt is lesser of 0.7FJ = 105,000 psi or
Fty = 130,000 psi. Therefore Ft, = 105,000 psi. Allowable shear stress on the bolt is lesser of 0.42 Ft, =
63,000 psi or o.6Fy, = 78,000 psi.

Therefore, Fb = 63,000 psi

Substitution into the interaction equation:

(f/Ftb)2 
+(fVFb)2

= (50,544/105,000)2 + (14,254/63,000)2 = 0.283 <1

Margin of safety = (1.0/0.283) - 1 = 2.534

Secondary lid bolts:

The shear force on each of the 16 bolts

-= [(1,755) (62.6) sin 40.75Y16 = 4,482 lbs.

The shear stress, f, = 4,482/0.890 = 5,036 psi

Total axial force on the 16 bolts, Wn

= [(1,755 + (29/66)2 (10,000)] (62.6) cos 40.75 = 174,788 lbs.

The bolt circle diameter is 41.0 - (1.875) (2) = 37.25 in. The radius of the bolt circle R = 18.625 in.
Equating the moment of the external force and the bolt forces taken about Point B (see Figure 2.7.1-2)
gives:

16
(Pm.,2R) I R2 {1 - cos [(i - 1) I 8]2 = W, R

i=1

16
(Pma>/2) Y- {1 - COS [(i - 1 ) / 8]}2 = Wn

i=1

(Pm,/2) [O + 2 (0.005794 + 0.085786 + 0.381080 + 1.0 + 1.911813 + 2.914214
+ 3.701312) + 4] = 174,788 lbs.

Pma = 174,788/12 = 14,566 lbs.

Axial stress in the bolt:

ft = [14,566 + (1/16) (a /4) (29)2 (11.2)]/0.969 = 15,509 psi

Using the interaction equation:

(15,509/105,000)2 + (5,036/63,000)2 = 0.028

Margin of safety = (1.0/0.028) - 1 > 10
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Weld between closure ring and cask body:

The weld consists of a 1/2 inch fillet weld for the inner shell, and a combination of a 1/2 inch 450
groove and a 3/8 inch 450 fillet weld for the outer shell. (Note: The welds holding the bottom plate to the
cask body are equivalent to those between the cask body and closure ring, thus the following analysis is
also applicable to this portion of the cask.)

Total area of weld = [(a ) (66) 0.5) + (7r) (74) (0.5 + .375)] (.707)
= 217.14 in.2

1/16 of this area = 217.14/16 = 13.57 in.2

This area resists each bolt force.

Maximum bolt force = (50,544) (1,405) = 71,015 lbs.

Stress in the weld = 71,015/13.57 = 5,323 psi

Allowable shear stress for cask shell material (ASTM A516 Gr. 70):

(0.6) (38,000) = 22,800 psi.

Margin of safety = (22,800/5,323) - 1 = 3.283

From these evaluations it is concluded that the cask will survive a 30 ft. corner drop and will remain
functional.

2.7.1.4 Impact Limiter Tiedown Lugs. In the case of the end drop, the load path is directly through
the cask shell and the lid or bottom plates. Therefore, the impact limiter tiedown lugs, the cask lug
assemblies do not see any significant loads. There is no tendency for the impact limiters to separate from
the cask. In the case of the side drop, no significant loads are applied to the impact limiter tiedown lug
assemblies and there is no tendency for the impact limiters to separate.

In the case of a corner drop, the impact limiter, which is contacted, pivots about the point of impact
and will tend to rotate under the impact forces. For a corner drop onto top impact limiter, the deceleration
forces due to the lids and the payload are resisted by the lid bolts, thus the top impact limiter attachments
must resist only the forces due to deceleration of the top impact limiter weight. For a comer drop onto the
bottom impact limiter, the deceleration forces due to the bottom plate and payload are resisted by the
circumferential assembly welds holding the bottom plate to the cask wall. Therefore, the bottom impact
limiter attachments must resist only the forces due to deceleration of the bottom impact limiter weight.
Since the top and bottom impact limiters weigh the same, the corner drop analysis is the same for both the
top and bottom impact limiters.

The impact limiter tiedown lug (at pin) circle radius = 38 + 2 = 40 in. and there are eight tiedown
lugs arranged at 450 intervals around the cask.

Weight of impact limiter = 5,200 lbs.

Deceleration = 62.6 g

Total force in the direction of cask axis:

F = (5,200) (62.6) cos 40.75 = 246,603 lbs.
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The force per lug due to force F is calculated by taking moments about 0 (the impact point) of the
lug forces as shown in Fig. 2.7.1-3.

PmA (40 + 38) + 2Pm,, (38 + 40 cos 45) (38 + 40 cos 45)/(40 + 38)
+ 2Pma (38 + 40 cos 90) (38 + 40 cos 90)/(40 + 38)
+ 2Pm,) (38 - 40 cos 45) (38 - 40 cos 45)/(40 + 38)
+ Pm. (-2) (-2)/(40 + 38)

Pma, (78.0 + 112.6565 + 37.0256 + 2.4204 + 0.0513) = 9,370,914

or, Pm,, = 40,716 Ibs.

Since the impact limiter bears against an unyielding surface, the component W sin 0 of the impact
force is directly transferred through the foam with lugs experiencing no significant loads.

Analysis of cask lugs. Each lug is loaded as shown in Fig. 2.7.1-4

Using a 400 shear tear out, the capacity of each lug
= (F.) (2t) (ed - 0.5d cos 40)
= (40,400) (2) (1) [2.0 - (0.5) (1.0) cos 40] = 130,651 lbs.

Margin of safety = (130,651/40,716) - 1 = 2.209

Capacity of the cask-to-lug welds:

Weld leg area = (2) (3/8) (7) = 5.25 in.2

Weld capacity = (5.25) (F,,) = (5.25) (40,400) = 212,100 lbs.

Least margin of safety = (212,100/40,716) - 1 = 4.209

The shear strength (in single shear) of 1 in. diameter CARR LANE Type T Ball Lock Pin is 70,190
lbs. (manufacturers catalog). The pin is in double shear. Considering the strength in single shear:

Margin of safety = (70,190/40,716) - I = 0.724
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FIGURE 2.7.1-3 Geometry for calculating forces on impact limiter tiedown lugs
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1o la Bale for Pin

FIGURE 2.7.14 Detail of cask lugs (t = I in; ASTM A516 Gr. 70)
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Bearing stress on the lug = (40,716)4(2.0) (1.0)] = 20,358 psi

Allowable bearing stress = 90,000 psi.

Margin of safely = (90,000/20,358) -1 = 3.421

Analysis of impact limiter tiedown lugs. There are two lugs as shown in Fig. 2.7.1-5. The shear tear
out of the lugs and the welds attaching the lugs to the impact limiter steel shell will be evaluated.

The capacity of the lugs
= (2) (F.) (2t) (ed - 0.5 d cos 40)

= (2) (40,400) (2) (0.25) (2.0 - 0.5 cos 40) = 65,326 lbs.

Margin of safety = (65,326/40,716) - 1 = 0.604

The welds are 3/16 in. on three sides.

Weld area at the leg = (4 + 4 + 2.5) (3/16) = 1.9687 in.2

Capacity of the welds = (1.9687) (40,400) = 79,535 lbs.

Throat area of the weld = (1.9687) (0.707) = 1.3921 in.2

From ASME Section III Table NF 3324.5(a)-I, the allowable weld stress for Service Level A =
21,000 psi. From ASME Section 1I1, Appendix F. Paragraph F-1334, the Service Level A allowable may be
increased by a factor of 2 to give Service Level D allowables. Therefore, the allowable shear stress on the
throat of the weld is (2) (21,000) = 42,000 psi.

Capacity of the welds based on throat area = (42,000) (1.3921) = 58,468 lbs.

The least margin of safety for the tiedown lugs = (58,468/40,716) - 1 = 0.436

The tiedown lugs are adequate.

These loads are transferred to the impact limiter cylindrical shell by tiedown lugs. In this region, the
impact limiter is very heavily stiffened by the 1 in. thick impact limiter gusset as well as the U-shaped, 1/4
in. thick impact limiter tiedown lugs. As such the load will be transferred to the vertical cylindrical shell of
the impact limiter through the gusset in shear and the horizontal flat portion of the impact limiter
experiences no local bending. The eccentricity with respect to the vertical cylindrical shell of the impact
limiter, at which the tiedown lugs transfer the load to the impact limiter shell, develops some bending
moment in the cylindrical shell of the impact limiter. However, due to the stiffening effect the horizontal
circular portion gives to the vertical shell, very little bending stresses are developed in this region.
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FIGURE 2.7.1-5 Detail of impact limiter tiedown lugs
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2.7.2 Puncture

The shipping cask must be capable of sustaining a free drop through a distance of 40 inches onto a
steel bar six inches in diameter with the top horizontal and its edge rounded to a radius of not more than
1/4 inch. The bar must be at least 8 inches long. References [4] and [5] described extensive testing on
scale models of containers which was conducted to establish the relationship between material properties,
material thickness and the available puncture energy. The relationships developed were verified using full
scale tests [4]. The results were incorporated into ORNL-NSIC-68 [6] which recommends the use of the
following equation for both the cylindrical and flat surfaces of casks with diameters larger than 30 inches.

t = (W/S)071

where t = thickness
W = weight of the cask
S = ultimate tensile strength of the material

This equation is intended to be used with steels having a minimum elongation of 40% in a 1 inch
gauge length. Review of References [3] and [4] indicates that this criteria was developed from tensile
testing from the sample materials used in the puncture test. Many of the materials used in the
development of the equation exhibit elongations considerably in excess of the minimum elongation
specified in the applicable ASTM standard. A general comparison of the ASTM specified material
properties for the materials tested and the material properties of ASTM A516 Gr. 70 used in the
manufacture of the 10-135 cask shows similarities in the materials. The procedure used in ORNL-NSIC-68
is therefore considered applicable to the ASTM A516 Gr. 70 steel. The calculation of minimum required
thickness is as follows:

t = (W/S)°- 7' = (68,000170,000)°71 = 0.98 inches

This provides the minimum required thickness on both the sidewalls and the ends. The material
used in the sidewalls is 1 inch thick backed with 3.5 inches of lead. The ends are composed of two plates
each 3 inches thick.

Consideration has also been given to the effects of the impact in the cover area. The method of
failure as demonstrated by the full scale testing as documented in Reference [3] is considered to be
puncture. The maximum required force to puncture a material has been extensively developed from punch
and die operations [4].

Fp = nd Tp S.

where Fp = maximum force
d = diameter of punch

Tp = thickness of the plate
S. = Ultimate shear strength of the material

(Generally 0.75 times the ultimate strength)

For a plate of 0.98 inches, the maximum force is

Fp = x(6) (0.98) (70,000) (0.75) = 970,000 lbs.
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In order to create a failure by other than puncture, the weld connecting the inner plate to the outer
plate would have to be broken in its entirety. The static breaking load of the smaller weld alone is as
follows:

Load = (length of weld)(size)(0.0707)(weld material strength in shear)
= - (29) (1/2) (0.707) (0.75) (70,000)
= 1,700,000

The lid is therefore considered satisfactory.

2.7.3 Thermal

Thermal evaluation of the cask under conditions of elevated temperatures due to a hypothetical
accident is contained in Section 3.5. Consideration of hypothetical accident conditions based on the
results of the analysis in Section 3.5 is contained in this section.

2.7.3.1 Summary of Pressures and Temperatures. For a summary of temperatures experienced
during a hypothetical accident condition refer to Table 3.4.2-1. The temperatures given are for 30 minutes
exposure to a fire at 1,475 F, at which point the fire would be extinguished. As discussed in Section 3.5.3,
the average temperature gradient through the container wall is 41 F. The maximum temperature gradient
in the outer lid is 93 F, occurring at the outer edge one inch thick portion (Section 3.5.3). Referencing
Section 3.5.4, the maximum pressure differential developed is 34.8 psi.

2.7.3.2 Differential Thermal Expansion . Following the same procedure presented in Section
2.6.1.2, the stress in the steel structural sheet due to a difference in temperature in the steel and lead is
calculated as follows:

S= (a, - a,) AT/(1/Es + A6/A1E,)

Assuming a temperature gradient of 41 F yields:

S, = (16.3x104 - 6.5x1 04) (41)/{(1/30x106

+ (329)/[(750) (2x1 06)]} = 1,590 psi

Allowable stress for shell wall = 38, 000 psi

Margin of safety = (38,000/1,590) - 1 = 23

The temperature differential at the outer edge one inch thick portion of the steel plate comprising
the outer lid is 93 F. The corresponding thermal stress is calculated as follows:

f= EaAT(1 -p )

= (30x106) (6.5x104) (93)1(1 - 0.3) = 25,900 psi

Margin of safety = (38,000/25,900) - I = 0.47
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2.7.3.3 Stress Calculations . The maximum pressure differential developed in the container
(hypothetical accident conditions) is 34.8 psi. For the inner % inch shell the stress is:

f = pr/t = (34.8)(33)/(0.5) = 2,300 psi

Allowable stress = Fty = 38,000 psi

Container Shell margin of safety = (38,00012,300)-1=16

For the 3 inch thick lid the maximum bending stress is:

F = 3qa2(3-v)/8t2

= 3(34.8)(38)2 (3+0.3)/(8)(3)2

= 6,910 psi

Lid margin of safety = (22,800/6,910)-1 = 2.3

As in Section 2.6.1.3, it is concluded that the internal pressure of 34.8 psi would not compromise
the structure of the container.

2.7.4 Immersion - Fissile Material

The 10-135 cask is of an all welded construction with the exception of the primary and secondary
lids. The arrangement for securing the lids is described in detail below. Reference is to Drawing
STD-02-106 which shows the general cask arrangement.

The primary lid is attached to the cask structural shell by 16 1-1/2 in. - 6 UNC high strength bolts. A
silicone gasket 3.0 inches wide by 0.75 inch thick is located at the joint interface. In addition the entire joint
is enclosed by the stainless steel thermal shield, fabricated from 10 gauge sheet stock and welded at all
seams.

The secondary lid is of stepped construction and is attached to the primary lid using 16 1-1/4 in. - 7
UNC high strength bolts. There are two levels of seals at this connection. One level involves a silicone
gasket 1.0 inch wide by 0.25 inch thick. The second level involves a neoprene 1.0 inch wide by 0.25 inch
thick. The second level involves a neoprene gasket 1.0 inch wide by 0.25 inch thick.

The closure design is intended for a total isolation of contents and containment of atmosphere
within the container for internal pressure in excess of 35 psi. It has been shown in previous sections that
hypothetical accident conditions will not result in a loss of structural integrity of the container or thermal
damage to the various parts making up the assembly, including the gasket materials. In this sense, the
design has been verified with 10 CFR 71 Section 73 concerning the effects of immersion both prior to and
subsequent to a hypothetical accident condition.

2.7.5 Immersion -All Packages

See Section 2.7.3

2.7.6 Summary of Damage

Analysis in previous sections of this report effectively demonstrate that the container is capable of
experiencing a hypothetical accident condition without loss of structural or containment integrity. The
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2.7.6 Summary of Damage

Analysis in previous sections of this report effectively demonstrate that the container is capable of
experiencing a hypothetical accident condition without loss of structural or containment integrity. The
effects of free drop would be confined to deformation of one or both of the impact limiters. The effects of
free drop on a steel bar (as described in the requirements for a penetration test) would be isolated to
deformation of the structural shell or lid where the point of contact occurred. Exposure to a fire (as
described in the requirements for a thermal test) would have the effect of degrading the polyurethane
foam in the impact limiter assembly and depositing a layer of soot over the container exterior.
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2.8 SDecial Form

Since no special form is claimed, this section is not applicable.
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2.9 Fuel Rods

Not applicable.
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2.10 Appendix

2.10.1 Description of Impact Analysis and Computer Programs

2.10.1.1 Introduction . In this section a description of the subprograms EDROP, SDROP and
CDROP of the NUS Corporation proprietary computer code CEBA (Computerized Energy Balance
Analysis) is presented.

2.10.1.2 General Impact Analysis Procedure . The impact limiters are provided such that during
the free drop, postulated in the normal and hypothetical accident conditions of transport of 10 CFR 71, the
cask is protected from being subjected to very large impact forces. The impact limiters consist of foam
filled thin steel shells. The kinetic energy of the freely falling cask is absorbed entirely by the strain energy
of deformation of the impact limiter foam. This energy absorption through large plastic deformation of the
foam continues until the kinetic energy of the cask is completely absorbed and the cask comes to rest.
Three drop orientations are considered and are identified as:

End drop - Where the circular end surface of the cask impacts the unyielding surface.

Side drop - Where the cylindrical side surface of the cask impacts the unyielding surface.

Corner drop - Where a comer of the cask strikes the unyielding surface with the center of gravity of
the cask vertically above the impacting corner.

While the method of impact analysis is the same for all drop orientations, the actual equations
developed for the analysis are different in each case.

Consider a cask of weight W being dropped freely from a height H onto an unyielding surface. At
any stage of deformation, say A, the kinetic energy of the freely falling cask is given by:

KE=W(H+A)

The calculation of the strain energy of the plastically deforming foam is more complicated and
involves the following steps:

1. The crush plane contact area associated with the crush deformation is calculated. This contact area is
a function of the foam crush deformation for the side and the corner drops and it increases with A.
Also, two types of contact areas, backed and unbacked, are used in the analysis. The foam in the
backed area is supported by the cask body whereas the foam in the unbacked area is not. Two types
of analyses are performed to bound the results. The lower bound analysis uses the minimum
stress-strain data, neglects the unbacked foam entirely and maximizes the foam crush deformation.
The upper bound analysis uses the maximum stress-strain data, includes the energy absorbed by the
unbacked foam and maximizes the impact force. For the latter analysis the maximum stress in the
unbacked foam is limited to 7000 psi.

2. The strains in the foam elements associated with this contact area are then calculated from the
changes in the geometry of the plastically deforming foam. Due to the varying height of the vertical
foam element associated with this contact area and the different time instants at which they start
deforming, the strain distribution over the contact area at any stage of deformation is nonuniform for
the side drop and the corner drop orientations. This strain distribution over the contact area is uniform
for the end drop case. This strain distribution is also a function of A, the largest deformation
associated with the contact area.
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3. The stress distribution over the contact area corresponding to this strain distribution is determined
using the foam stress-strain data. These stress-strain data are developed from actual tests and are
obtained at discrete values of strain ranging from 0% to 80% in steps of 10%. The stress-strain
relationship for the foam is nonlinear with a plateau from approximately 10% to 40% strain, and the
foam exhibits considerable and increasing strain hardening beyond 40% strain. The values of stresses
corresponding to the strains that are between the test data points are determined from linear
interpolation.

4. The total force on the contact area corresponding to this nonlinear stress distribution over the area is
calculated by numerical integration. Different schemes of integration are used for different drop
orientations. Mathematically, total force F(A) is expressed as:

F(A)= I a(A)dA
A(A)

5. From the nonlinear stress distribution and the nonlinear crush displacement (or deformation) a (A)
distribution the strain energy is calculated by numerical integration. Mathematically, the total strain
energy SE(A) a_ expressed as:

SE(A) = 1/2 I a (A) 5 (A) dA
A(A)

These are general procedures and their application to different drop orientations will now be
presented.

2.10.2 Drop Condition Geometries

The drop conditions, for which a 10 CFR 71 transportation package is analyzed, are the corner
drop, side drop and the end drop. For each of the three drop conditions the largest load developed due to
cask deceleration and the largest deformation developed in the impact limiter foam need to be determined.

Input data common for all the three analyses are listed below:

WT = total weight of the shipping cask, its contents and the impact limiters
HD = total drop height
LC = height of the shipping cask
RC = radius of the shipping cask
LO = total height of the cask with the top and bottom impact limiters
RO = radius of the top and bottom impact limiters
Li = vertical distance between the top and the bottom impact limiters
RI = radius of the annular hole in the top and bottom impact limiters

Figures 2.10.2-1 and 2.10.2-3 identify the dimensional input parameters with respect to the cask
geometry.
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2.10.2.1 End Drop Condition The geometry in the case of end drop is very simple and the contact
areas in the crush plane become concentric circles as shown in Figure 2.10.2.-2. Also, these contact
areas associated with foam backed by the cask and the unbacked foam are independent of the crush
displacement. The analytical procedure is as follows:

Area of Backed Foam, Ab = (a) (R-2 R2)

Area of Unbacked Foam, Au = (7r) (RO2 - RC2)

Height of Backed Foam Elements, Hb = 12 (LO - Lc)

Height of Unbacked Foam Elements, Hu = 1/2 (L. - Li)

The crush displacement A is applied in increments dA in several steps. The displacement at the end
of nth load step, n dA, is denoted by A,.

At step n: Crush displacement = n dA

,(n) = strain in backed foam = n dA/Hb

eu(n) = strain in unbacked foam = n dA/Hu

The stresses corresponding to these strains are determined from the foam stress-strain curve. The
digitized stress-strain curve expressed in tabular form is used. The stresses for values of strains between
the input strain values in the digitized stress-strain table are calculated by linear interpolation as follows:

Gy Ci-1 + (69-j ) (ECF1

The stresses at the nth load step, cbsn) in the backed foam and cy,(n) in the unbacked foam are thus
calculated. However, the stress cru() in the unbacked foam is limited to a maximum value of C nominal.
That is, when

(,"(n) > c nn,, then aU(n) = Cr nomn.al
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For the analysis neglecting the effects of the unbacked foam, the limiting stress
6 nomal is taken as zero. Forces in the backed and unbacked foam, at the end of nth load step, are given
by:

17~1) = Ab ab n) (backed foam)

F,(n) = Ab ab" (unbacked foam)

Let (SE)(-') be the total strain energy at the beginning of the nth load step, Csrl"') and eu(i') the
strains and F 0-1) the forces in the foam. During the nth step the crush displacement is dA. The increase in
the strain energy during the nth load step is given by:

d(SE)(n) = (dA) (Fb('r 1) + Fu(n-')) + (1/2) (dA) [d(Fb)(n) + d(Fu)(n)

Where d(Fb)n) = F (n) - Fb-'(), d(Fu)(n) = Fun) - Fuer-l))

The strain energy in the foam at the end of nth load step is given by:

(SE)(n) = (SE)04) + d(SE)(n)

(Note: (SE)n4) is zero at the beginning of the first load step.)

The kinetic energy of the free falling cask at the end of nth load step is:

(KE) (n) = W [HD + n (dA)]

Where HD is the height of the free drop.
W is the weight of the cask.

The analysis is performed with the incremental crush displacement d applied in steps. At the end of
each load step, the strain energy (SE)(n) is compared to the kinetic energy (KE) (n). The analysis is stopped
at the load step n at which (SE)(n) just exceeds (KE) (n). At this stage the following quantities are calculated
and used for cask evaluation:

An - n(dl) = max. crush displacement of the foam

. (n) = max. strain in the foam

F(n) Fb(n) + FUen) = max. impact force on the cask
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2.10.2.2 Computer Proaram EDROP . The computations required for the end drop impact analysis
described in the preceding pages are performed using the subprogram EDROP of the NUS Corporation
proprietary computer code CEBA.

The computer reads: W, HD, RO, RC, RI, Lo, LC and LI which are basic quantities associated with
the cask impact analysis.

The value for the maximum nominal stress in the unbacked foam, STRNOM, is then read. Two
analyses are performed: one in which the unbacked foam is totally neglected and the other in which the
unbacked foam is included. The first analysis, in which STRNOM = 0, gives the maximum foam strain and
foam crushing displacement. The second analysis, in which the stresses in the foam are limited to a
maximum stress afOammax), is performed by setting STRNOM = foam(max) , and gives the maximum impact
force on the cask. The program EDROP performs both these analyses by suitably inputting the value for
STRNOM.

The digitized stress-strain data input in tabular form is then read. Any number of these stress-strain
number pairs defining the experimentally determined stress-strain relation can be input. This set of input
data is terminated by inputting a -1.0 for strain. For a value of strain that falls between two input strains the
value of stress is calculated by linear interpolation.

The quantity NPRINT is next read. By suitably setting NPRINT, the results are printed after every
NPRINT step.

The quantity DEL, which is dA, is then read and the computation starts. The computation continues
until (SE)(n) just exceeds (KE) (n) and then stops. The following quantities are output in a tabular form:

Crush Displacement A
Crush Area (backed + unbacked foam)
Crush Volume (backed + unbacked foam)
Impact Force F
Strain-Energy SE
Kinetic-Energy KE
Max. Foam Strain E (in backed foam)

The EDROP input and output for the sample problem shown in Figure 2.10.2-3 are given in the
Tables 2.10.2-1 and 2.10.2-2.
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TABLE 2.10.2-1 INPUT DATA FOR COMPUTER PROGRAM EDROP FOR SAMPLE PROBLEM

1234567890123456789012345678901234567890123456789012345678901234567890

40000.0
72.0
0.0
0.00
0.05
0.10
0.25
0.40
0.50
0.60
0.70
0.80
-1.00
20

0.025

30.0
30.0 120.0 45.0 32.0 25.0

0.
610.
900.

1000.
1200.
1550.
2200.
3700.
7200.

CARD NO. 1:
CARD NO. 2:

CARD NO. 3:
CARD NO. 4:

to 4+N:

CARD NO. 5+N:
CARD NO. 6+N:

Weight of cask (WT), Height of drop (HD)
Height of the cask (LC)
Radius of the cask (RC)
Height of the cask with impact limiters (LO)
Radius of the cask with impact limiters (RO)
Distance between top and bottom impact limiters (LI)
Radius of the annular hole (RI)
Unbacked foam nominal crush strength (STRNOM)
Foam strain (STN), Foam stress (STS) data
Use as many number pairs and terminate by putting
-1.0 in the last card (Total of N cards)
Print Frequency (NPRINT)
Crush deformation increment (DEL)
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TABLE 2.10.2-2 OUTPUT FROM COMPUTER PROGRAM EDROP FOR SAMPLE PROBLEM

** IMPACT ANALYSIS OF NUSPSC LLW SHIPPING CASK - END DROP CONDITION **

TOTAL WEIGHT OF CASK =

HEIGHT OF CASK DROP =

HEIGHT OF CASK =
RADIUS OF CASK =
HEIGHT OF CASK WITH IMPACT
LIMITERS =
RADIUS OF CASK WITH IMPACT
LIMITERS =
VERTICAL DISTANCE BETWEEN TOP
AND BOTTOM IMPACT LIMITERS -
RADIUS OF ANNULAR HOLE =

40000.0000 (Ibs)
30.0000 (ft)

72.000 (in)
30.000 (in)

120.000 (in)

45.00p (in)

32.000 (in)
25.000 (in)

INITIAL CUT ON THE SIDE OF FOAM
NOMINAL CRUSH STRESS = 0.00 (psi)

****FOAM STRAIN - STRESS RELATION TABLE ****

STRAIN
IN/IN

0.0000
0.0500
0.1000
0.2500
0.4000
0.5000
0.6000
0.7000
0.8000

STRESS
PSI

0.0000
610.0000
900.0000

1000.0000
1200.0000
1550.0000
2200.0000
3700.0000
7200.0000

PRINT FREQUENCY = 20 (STEPS)
INCREMENTAL CRUSH DEFORMATION = 0.02
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TABLE 2.10.2-2 OUTPUT FROM COMPUTER PROGRAM EDROP FOR SAMPLE PROBLEM (CONTINUED)

CRUSH
DEFORM

(in)
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
5.50
6.00
6.50
7.00
7.50
8.00
8.50
9.00
9.50

10.00
10.50
11.00
11.50
12.00
12.50
13.00
13.50
14.00
14.50
14.80

CONTACT
AREA
(sq in)

4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2
4398.2

CRUSHED
VOLUME

(c in)
2199.1
4398.2
6597.3
8796.5

10995.6
13194.7
15393.8
17592.9
19792.0
21991.1
24190.3
26389.4
28588.5
30787.6
32986.7
35185.8
37385.0
39584.1
41783.2
43982.3
46181.4
48380.5
50579.6
52778.8
54977.9
57177.0
59376.1
61575.2
63774.3
65093.8

REACTION
FORCE

(Ibs)
219584.2
439168.5
589637.7
694030.2
779944.0
791943.1
803942.3
815941.4
827940.6
839939.7
851938.8
863938.0
887936.3
911934.5
935932.8
959931.1
983929.4

1007927.6
1031925.9
1087122.0
1150117.4
1213112.9
1276108.4
1339103.9
1456095.5
1573087.1
1690078.7
1807070.3
1954659.7
2116648.1

STRAIN
ENERGY

(ft-lbs)
4574.7

18298.7
40308.1
67051.2
98067.0

130814.6
164062.2
197809.8
232057.3
266804.8
302052.3
337799.8
374297.1
411794.4
450291.7
489788.8
530285.9
571783.0
614279.9
658296.7
704905.9
754139.9
805998.6
860482.2
918715.5
981823.5

1049806.1
1122663.4
1200522.8
1251414.2

KINETIC
ENERGY

(ft-lbs)
1201666.7
1203333.3
1205000.0
1206666.7
1208333.3
1210000.0
1211666.7
1213333.3
1215000.0
1216666.7
1218333.3
1220000.0
1221666.7
1223333.3
1225000.0
1226666.7
1228333.3
1230000.0
1231666.7
1233333.3
1235000.0
1236666.7
1238333.3
1240000.0
1241666.7
1243333.3
1245000.0
1246666.7
1248333.3
1249333.3

MAXIMUM STRAIN
ON CONTACT AREA

(percent)
2.08
4.17
6.25
8.33

10.42
12.50
14.58
16.67
18.75
20.83
22.92
25.00
27.08
29.17
31.25
33.33
35.42
37.50
39.58
41.67
43.75
45.83
47.92
50.00
52.08
54.17
56.25
58.33
60.42
61.67
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2.10.2.3 Side Drop Analysis . The contact areas in the crush plane are rectangular for the side
drop condition as shown in Figures 2.10.2-4 and 2.10.2-5. The contact area is a function of the crush
displacement A. The length of the contact area in the direction parallel to the cask is independent of the
crush displacement A and the length of the contact area in the direction parallel to the horizontal diameter
changes with A. Therefore, numerical integration need be performed only in the latter direction. Also,
there is symmetry about both horizontal axes, and only a quarter of the cask is considered for the
calculation.

The crush displacement A is applied in small increments dA, each application being identified as a
load step. At the end of n load steps the applied crush displacement is A, = n dA (see Figures 2.10.2-4
and 2.10.2-5). The contact length of the crushed foam in the direction of the horizontal diameter after the
application of nth load step, Xe. is

X. = A. B. = [(ndA) (2R. - ndA)]J12

Xn = A>, B n-1 = ((n-1) dA [2R - (n-1) dA]) 112

In the load step n, XnY1 increases to X,, the deflection in the additional crushed foam varies
nonlinearly from dA at point Bn,1 to zero at point B,. Consider any point Q along the cask perimeter circle
between Bn,1 and Bn. Distance RQ = X, such that X n1 < X, < X,. The height of the foam at Q is denoted
by QS = Hx.

Hx = QS = TR = CR - CT

or

Hx = (RO-Xe2) 12 - (Rc2- X8
2)11 Xa • Rc

For X, > Rc, the foam in the region X, - Rc will be unbacked by the cask and in this case Hx is taken
as

Hx = (R0
2 

- X.2) 11

for the analysis that includes the unbacked foam. The deformation of the vertical foam element at Q, Dx, is
given by Dx = PQ.

Dx= PQ = AR = CR - CA, ; CAn = CO - OAn = Ro - ndA

or

Dx = (R 2 _ Xa2)112 - (R. - ndA)

The strain in this vertical foam element is, therefore:

£(n) (X) = DxIHx Xn-1 < X < Xn
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FIGURE 2.10.2-5 Strain calculation geometry between (n-1) 'hand nth load steps
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The strain distribution over the incremental contact area between Xn and Xrj is known and the
corresponding stress distribution cy(n) (X) in the deformed foam in the incremental contact area is
determined from the input stress-strain table. The strain in the vertical foam elements for all the previous
n-1 incremental areas (e.g., between X0 and X,, X, and X2 ,... X,_2 and X,-,) for this load step is given by:

eli (n) (X) = Ej (r) (X) + dA/Hx , i = 1 to (n-1)
and the corresponding stresses are determined from the stress-strain diagram.

The deceleration force F(n) at the end of nth application of dA is then determined by summing up the
incremental forces Fi (n) calculated for the n incremental contact areas.

n XI X2
F(n) = Y Fi(n) =(4/2) (L. - Li) [f Cy:(n) dX + J a2(n) dX +

i=1 0 X,
n

+ J an(n) dX]
n-1

The incremental increase in the strain-energy for the nth load step, (SE)(n), is calculated as follows:
n

cr (SE) (n) = I ar (SE) i (n)
i=1

Where a (SE) i (n) is the incremental increase in the strain energy for the ith incremental contact
area. This contains two parts [cr (SE) i(n)j which is due to the incremental force a F,(n) = i(n)- F (no)

traversing through displacement dA and given by:

Xi
[ay (SE) i "nJ1 (4/2) (L. - L i) J (1/2) [( (n) _ Cy i(n)) dA] dX

Xi-1

and the second part [a (SE) i (n)2 which is due to the force F i (n-) before the application of nth incremental
displacement traversing through displacement dA and given by:

Xi
[a (SE)i(n)]2 = (4/2) (L0-Li) I [cj ,(-)dA] dX

X i-1
For the nth incremental contact area [a (SE)n(n)]2 is zero.

n Xi
cy (SE) (n) = (4/2) (L. - L i) Y { 1 [(1/2) (o, (n) _'n) d ] dX

i=1 Xi-1

+ I (a (n-1) dA] dX)

The total strain energy at the end of the nth load step is given by:

(SE)(n) = (SE)0n-') + ca (SE)(n)

Where (SE)(-') is the total strain energy at the end of (n-I )th load step. All quantities with
superscript (n-1) are zero for n equal to 1.
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At the end of each step the calculated strain energy is compared to the kinetic energy. The analysis
is stopped at the load step n at which the strain energy just exceeds the kinetic energy. At this stage the
following quantities are calculated and used for cask evaluation:

An - n dA = max. crush deformation of the foam
n = the max. strain in the foam

Fn = the max. impact force on the cask

The integrations in the analysis are performed using Simpson's rule with five points as shown:
a

(a = - XL1) I = J f(X) dX = (1/3) (a/4) [f(o) + 4f (a/4)
0

+ 2f (a/2) + 4f (3a/4) + f(a)]

In the calculations two separate integrations are performed for backed and unbacked regions.
However, for the unbacked foam the stresses are limited to a specified maximum value, a nominal. For
the analysis neglecting the effects of the unbacked foam, this limiting stress is taken as zero.

2.10.2.4 Computer Program SDROP . The computations required for the side drop impact analysis
described in the preceding pages are performed using the subprogram SDROP of the NUS Corporation
proprietary computer code CEBA.

The computer reads W, HD, RO, RC, RI, LO, LC and LI which are the basic quantities associated
with the cask.

The limiting stress in the unbacked foam STRNOM is then read. By setting STRNOM = 0, the
analysis neglects the effect of unbacked foam. Thus, the program SDROP performs both upper bound
and lower bound analyses by suitably inputting the required quantities.

The digitized stress-strain data input in a tabular form is then read. Any number of these stress-strain
number pairs defining the stress-strain relation can be input. This set of data is terminated by inputting
-1.0 for the strain. For a value of strain that falls between two input strains the value of stress is calculated
by linear interpolation.

The quantity NPRINT is read next. The computer program SDROP does not use this quantity.

The quantity DEL, which is dA, is then read and the computation starts. The computation continues
until (SE)(n) just exceeds (KE)(n) and then stops. The following quantities are output in tabular form:

Crush Displacement A
Crush Plane Area A (backed and unbacked)
Crushed Volume V (backed and unbacked)
Impact Force F
Strain Energy SE
Kinetic Energy KE
Max. Foam Strain E (in the unbacked foam)

The SDROP input and output for the sample cask shown in Figure 2.10.2-3 are given in Tables
2.10.2-3 and 2.10.2-4
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TABLE 2.10.2-3 INPUT DATA FOR COMPUTER PROGRAM SDROP FOR SAMPLE PROBLEM

1234567890123456789012345678901234567890123456789012345678901234567890

40000.0
72.0
0.0

0.00
0.05
0.10
0.25
0.40
0.50
0.60
0.70
0.80
-1.00
20

0.250

30.0
30.0 120.0 45.0 32.0 25.0

0.
610.
900.

1000.
1200.
1550.
2200.
3700.
7200.

CARD NO. 1:
CARD NO. 2:

CARD NO. 3:
CARD NO. 4:

to 4+N

CARD NO. 5+N:
CARD NO. 6+N:

Weight of cask (WT), Height of drop (HD)
Height of the cask (LC)
Radius of the cask (RC)
Height of the cask with impact limiters (LO)
Radius of the cask with impact limiters (RO)
Distance between top and bottom impact limiters (LI)
Radius of the annular hole (RI)
Unbacked foam nominal crush strength (STRNOM)
Foam strain (STN), Foam stress (STS) data
Use as many number pairs and terminate by putting
-1.0 in the last card (Total of N cards)
Print frequency (NPRINT) - not used for SDROP
Crush deformation increment (DEL)
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TABLE 2.10.2-4 OUTPUT FROM COMPUTER PROGRAM SDROP FOR SAMPLE PROBLEM

** IMPACT ANALYSIS OF NUSPSC LLW SHIPPING CASK - SIDE DROP CONDITION **

TOTAL WEIGHT OF CASK =
HEIGHT OF CASK DROP =

HEIGHT OF CASK =
RADIUS OF CASK =
HEIGHT OF CASK WITH IMPACT
LIMITERS =
RADIUS OF CASK WITH IMPACT
LIMITERS =
VERTICAL DISTANCE BETWEEN TOP
AND BOTTOM IMPACT LIMITERS =

RADUS OF ANNULAR HOLE =

40000.0000 (Ibs)
30.0000 (ft)

72.000 (in)
30.000 (in)

120.000 (in)

45.000 (in)

32.000 (in)
25.000(in)

INITIAL CUT ON THE SIDE OF FOAM
NOMINAL CRUSH STRESS =0.00 (psi)

****FOAM STRAIN - STRESS RELATION TABLE ****

STRAIN
IN/IN

0.0000
0.0500
0.1000
0.2500
0.4000
0.5000
0.6000
0.7000
0.8000

STRESS
PSI

0.0000
610.0000
900.0000

1000.0000
1200.0000
1550.0000
2200.0000
3700.0000
7200.0000 INCREMENTAL CRUSH DEFORMATION = 0.25
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TABLE 2.10.2-4 OUTPUT FROM COMPUTER PROGRAM SDROP FOR SAMPLE PROBLEM (CONTINUED)
(PAGE 2)

CRUSH
DEFORM

(in)

0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00
4.25
4.50
4.75

CONTACT
AREA
(sq in)

833.7
1177.4
1439.9
1660.4
1853.8
2027.8
2187.2
2334.9
2473.0
2603.1
2726.2
2843.4
2955.2
3062.3
3165.2
3264.3
3359.9
3452.2
3541.7

CRUSHED
VOLUME

(c in)

139.0
392.9
721.2

1109.4
1549.1
2034.7
2561.8
3127.3
3728.5
4363.1
5029.4
5725.8
6450.7
7203.0
7981.5
8785.3
9613.4

10465.0
11339.3

REACTION
FORCE

(Ibs)

51311.4
144766.9
265286.7
380744.8
492878.6
607194.1
703740.8
786961.5
862941.9
933940.0

1001187.7
1065374.4
1127111.2
1186826.2
1244848.5
1304067.4
1364090.9
1424430.7
1484891.2

STRAIN
ENERGY

(ft-lbs)

428.3
2416.7
6646.9

13342.1
22412.5
33845.0
47476.4
62982.3
80148.3
98846.6

118986.2
140495.9
163318.3
187406.6
212722.1
239259.6
267039.8
296074.3
326367.7

KINETIC
ENERGY

(ft-lbs)

STRAIN DISTRIBUTION ON CONTACT AREA
PORTION OF TOTAL AREA WITH STRAIN

<.7 .7<.8 .8<.9 .9<.95 <.95

1200833.3
1201666.7
1202500.0
1203333.3
1204166.7
1205000.0
1205833.3
1206666.7
1207500.0
1208333.3
1209166.7
1210000.0
1210833.3
1211666.7
1212500.0
1213333.3
1214166.7
1215000.0
1215833.3

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00

0.00
0.00

0.00

0.00
0.00

0.00

0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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TABLE 2.10.2-4 OUTPUT FROM COMPUTER PROGRAM SDROP FOR SAMPLE PROBLEM (CONTINUED)
(PAGE 3)

CRUSH
DEFORM

(in)

5.00
5.25
5.50
5.75
6.00
6.25
6.50
6.75
7.00
7.25
7.50
7.75
8.00
8.25
8.50
8.75
9.00
9.25
9.50
9.56
9.58

CONTACT
AREA
(sq in)

3628.3
3712.5
3794.2
3873.7
3951.2
4026.7
4100.3
4172.1
4242.3
4310.9
4377.9
4443.6
4507.8
4570.7
4632.3
4692.8
4752.0
4810.1
4867.1
4881.2
4884.7

CRUSHED
VOLUME

(c in)

12235.6
13153.2
14091.6
15050.1
16028.3
17025.6
18041.5
19075.6
20127.4
21196.6
22282.7
23385.4
24504.4
25639.2
26789.6
27955.3
29135.9
30331.2
31540.9
31845.5
31921.8

REACTION
FORCE

(Ibs)

1545380.8
1605818.0
1666292.1
1726797.2
1787307.2
1856257.6
1931843.7
2011979.1
2095544.5
2182150.7
2271450.8
2374526.4
2488855.3
2611271.3
2740213.9
2875090.4
3015083.0
3191677.5
3397723.0
3452302.8
3466430.7

STRAIN
ENERGY

(ft-lbs)

357921.5
390735.5
424809.3
460143.8
496739.2
534683.6
574133.9
615206.6
657984.9
702536.0
748919.9
797307.9
847960.9
901080.1
956818.0

1015304.2
1076653.9
1141301.7
1209935.4
1227774.0
1232278.3

KINETIC
ENERGY

(ft-lbs)

1216666.7
1217500.0
1218333.3
1219166.7
1220000.0
1220833.3
1221666.7
1222500.0
1223333.3
1224166.7
1225000.0
1225833.3
1226666.7
1227500.0
1228333.3
1229166.7
1230000.0
1230833.3
1231666.7
1231875.0
1231927.1

STRAIN DISTRIBUTION ON CONTACT AREA
PORTION OF TOTAL AREA WITH STRAIN

<.7 .7<.8 .8<.9

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.9<95

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

<.95

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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FIGURE 2.10.2-6 Definition of changing crushed area during cover drop conditions
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2.10.2.5 Corner Drop Analysis . The contact areas in the crush plane are portions of an ellipse as
shown in Figure 2.10.2-6. The contact area changes with the deflection A and unlike in the end drop and
the side drop cases, the contact area increases all around as the crush displacement increases. The
analysis is performed by applying the crush displacement in very small increments calculating the
additional infinitesimal incremental areas for each displacement increment and assuming a uniform strain
and stress distribution over these infinitesimal incremental areas for the strain energy and the impact force
calculation.

The crush displacement A is applied in very small increments, dA, each application being identified
as a load step. At the end of the nth load step, the total crush displacement A, is n dA.

As the incremental displacement increases, the contact area also increases. At the end of first load
step, there is an infinitesimal incremental contact Area A,. At the end of the second load step this area
increases by an infinitesimal increment A3 such that the total contact area is A, + A2 + A3. At the end of the
nth load step, the contact area increases by an infinitesimal increment An, such that the total contact area
is:

n
A 1+A2 +A3+...+A1 ,,+A. or E A

i=1
Therefore,

At the end of Step 1 - one area A, is developed
At the end of Step 2 - two areas Al and A2 are developed
At the end of Step n - n areas A1, A2,.. .An are developed

The maximum crush deformation in the infinitesimal incremental contact area A, after the first load
step is dA and A2, A3k... An do not exist. The maximum crush deformation after the second load step is
2dA in A1 and A in the newly developed incremental contact area A2. After the third load step the maximum
crush deformation is 3dA in A, 2dA in A2 and dA in the newly developed contact area A3. At the end of the
nth load step maximum crush deformation is:

ndA on area A,
(n-I) dA on area A2
(n-i+1) dA on area A
2dA on area A,,
dA on area An

The first incremental crush deformation dA on any contact area results in a nonuniform distribution
of crush deformation on that elemental contact area. Subsequent incremental crush deformations will be
uniform over the area. For example, for an incremental area A, the crush displacement at the ith step is
nonuniformally distributed but the crush displacements applied at (i +1)th, (i + 2)th . .. steps will be
uniform. Based on this, the strain in the vertical foam columns associated with these infinitesimal contact
areas A (i=1 to n) at the nth load step is given by:

E4(n) = [(n-i) dA + 0.5 dA]/Hi

Where (n) is the strain in the vertical foam column of height Hi associated with the ith infinitesimal
contact area at load step n. This is explained in the following examples:

Rev. 4 ATG Nuclear Services, LLC 2-94
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Consider Step No. 1 with n = 1. There is only one elemental area Al (or A, i = 1). The largest crush
displacement is dA. The average crush displacement over area A1 is assumed to be 0.5 dA and the
corresponding strain is, therefore, 0.5 dA/Hi or [(1 - 1) dA + 0.5 Y/H1.

Consider Step No. 2 with n = 2. The entire contact area Al (or A, i = 1) undergoes a uniform
displacement dA and the total displacement is dA + 0.5 dA or (2 - 1) dA + 0.5 dA., The second infinitesimal
contact area A2 (or A, i = 2) now undergoes a maximum displacement dA and average displacement 0.5A
or (2 - 2) dA + 0.5 dA with a strain [(2 - 2) dA + 0.5 dA]/H2.

Consider Step No. 3 with n = 3. The contact areas A1 (or A, i = 1) and A2 (or A, i = 2) undergo
uniform crush dA with respective total deformation of 2dA + 0.5 dA or (3 - 1) dA + 0.5 dA and dA + 0.5 dA
or (3 - 2) dA + 0.5 dA. The new infinitesimal contact area A3 (Ai, i=3) undergoes an average deformation
0.5 dA or (3-3) dA + 0.5 dA.

This can be generalized and the total deformation on an elemental area A at the nth load step is:

AV(-)=(n 1)dA+0.5dA

Note that at the nth step there are n infinitesimal contact areas, A- (i = I to n). The number of the
infinitesimal contact areas increases by one at each load step. Note also that, even though the strain (and
hence the stress) distribution is assumed uniform over each of the infinitesimal contact areas A (i = 1 to
n), the strain (and hence the stress) vary from one elemental areas to the other. Thus, at any given load
step, there will be nonuniform strain (and hence the stress) distribution over the entire contact area. The
size of the infinitesimal contact areas can be reduced by decreasing the size of incremental crush
displacement dA. Convergence studies have been performed to determine an accepted dA and the results
are presented in Table 2.10.2-5.

TABLE 2.10.2-5 CONVERGENCE OF CORNER DROP ANALYSIS RESULTS

Incremental
Crush Max. Crush Impact Strain

Displacement Deformation Force Enerazv
0.50 in. 22.50 in. 2117535 lbs. 1302553 in.-lb.

0.10 in. 22.40 in. 2084352 lbs. 1283885 in.-lb.

0.05 in. 22.35 in. 2068264 lbs. 1275200 in.-lb.

0.025 in. 22.35 in. 2068255 lbs. 1275189 in.-lb.
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From the calculated strain values E, (n), the stresses are determined from the stress-strain table
using interpolation as described in Section 2.10.2.1. The strain energy and the impact force are then
calculated in the manner described below.

Stress in an infinitesimal contact area element A at the end of (n-1)th step is O-(n-1) and the
corresponding force Fi(n-') is A s(n-1)* The stress in A at the end of nth load step is ,i(n) =Aii (n) . The
increase in force during the nth step is:

8 Fi (n) = Fi (n) _F(n-") = A (a1p) -_(n-1))

The increase in strain energy due to this force is:

(112) 8 Fi (n) dA = (1/2) A c -(nI)J da

The strain energy due to force FP-1 at the beginning of this load step is:

Fi(n-') dA = A i ei (n-1) dA

The increase in strain energy for the inifinitesimal area Ai is:

8 (dSE) i (n) = Ac, (n-1 ) dA + A i() -in dA

Total increase in strain energy for all the infinitesimal contact areas for the nth load step is:

n n
d(SE)(n) = Z Aid (n-1) dA + 1 (1/2) A [p(n) c(n.I)] dA

- .i=1 i=1

The strain energy at the end of nth load step is:

(SE)(n) = SE0n4) + (dSE)n

The impact force F(n) is given by:

n n
Fn = I Ai c i (n-i) + Z A [a01 (n) - ai(-"

i=1 i=1

Note that 0a(n-') is always zero.

The procedure of applying dA, calculation of (SE)(n), comparing (SE) (n) to (KE) (n) continues until
(SE) (n) just exceeds (KE) (n). At this stage the computations are terminated and the total crush deformation
ndA and the total impact force forces F(n) are used for cask evaluation.

During the computations, the distance of the extreme points of the elliptical portion of the contact
areas along their axis of symmetry from the vertical line through the struck corner are calculated. These
are shown as distances X,(n) and X2(n) in Figure 2.10.2-7. These are compared with X1(max) and X2 (max) to
determine if the foam is backed by the cask.
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-. ' CASK LENGTH a Lc, CASK DIAMETER 1 2RC

OVERPACK LENGTH a Lo, RADIUS x Rb

OVERPACK INNER VOID RADIUS - Ri

OVERPACK SURFACE VOID LENGTH - L

ORIENTATION ANGLE E a
OVERPACK
CYLINDRICAL
VOID

OVERPACK

OVERPACK
SURFACE
VOID

CRUSHED
REGION

X 1 (max) = AB C (RC R-i) Cos a

X2 (max) e BC = ( L )Sin a

XI W - ab A aCota; X2 tn1 s bc = Anaf

FIGURE 2.10.2-7 Comer drop cask configuration
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If XI,(n)> X1(max) the foam in the region X, (n) - X1 (max) is not backed because of the annular hole.

If X2 (n) > X2 (max) the foam associated with the cylindrical side surface of the cask is not backed by
the cask.

In addition the area between the elliptic portions of projected impact limiter area and the projected
cask area is treated as unbacked (see Figure 2.10.2-6). For the analysis a limiting maximum stress C nominal
is used for the unbacked foam. If 0 nominal is taken as zero, an analysis neglecting the effect of the
unbacked foam will result.

2.10.2.6 Computer Code CDROP . The subprogram CDROP of the proprietary computer code
CEBA performs the calculations described earlier for the corner drop analysis.

The computer reads W, HD, RO, RC, RI, LO, LC and LI which are the basic input parameters
defining the cask geometry, weight and height of the drop.

The limiting stress in the unbacked foam STRNOM is the that read for use in performing the upper
bound analysis. By setting STRNOM = 0 the program automatically performs the lower bound analysis
neglecting the effect of the unbacked foam.

The digitized stress-strain data input in a tabular form is then read. Any number of these
stress-strain number pairs defining the stress-strain curve can be input. This set of data is terminated by
inputting a value of -1.0 for the strain. The computer program automatically calculates by linear
interpolation the value of the stress corresponding to a strain that lies between two input values of strain.

The computer reads the quantity NPRINT. The total contact area is divided into a number of very
small area elements over which the strains and the stresses are assumed uniform. The larger the number
of these contact area elements the greater is the accuracy of the solution. The areas of the individual area
elements decrease and the number of these area elements increase with a decrease in the crush
displacement increments used in the analysis. This increases the number of load steps and hence the
volume of the output. By setting NPRINT suitably, the amount of output printed can be controlled.

The computer then reads DEL the value of the incremental crush displacement d and starts the
computation. At the end of each load step the strain energy (SE), the kinetic energy (KE), the foam crush
displacement (A) and the impact force (F) are calculated. The strain energy is compared with the kinetic
energy, and if the kinetic energy is more than the strain energy the crush displacement is increased by
DEL for the next load step and the computations are continued. When the calculated strain energy just
exceeds the kinetic energy the calculations are stopped and the following quantities are output in a tabular
form:

Crush displacement A
Crush plane areas A(backed and unbacked)
Crush Volume V(backed and unbacked)
Impact force F
Strain Energy SE
Kinetic Energy KE
Max foam strain E (in the backed foam)

The CDROP input and output for the sample cask shown in Figure 2.10.2-3 are given in Tables
2.10.2-6 and 2.10.2-7
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TABLE 2.10.2-6 INPUT DATA FOR COMPUTER PROGRAM CDROP FOR SAMPLE PROBLEM

1234567890123456789012345678901234567890123456789012345678901234567890

40000.0
72.0
0.0

0.00
0.05
0.10
0.25
0.40
0.50
0.60
0.70
0.80

-1.00
20
0.025

30.0
30.0 120.0 45.0 32.0 25.0

0.
610.
900.

1000.
1200.
1550.
2200.
3700.
7200.

CARD NO. 1:
CARD NO. 2:

CARD NO. 3:
CARD NO. 4:

to 4+N:

CARD NO. 5+N:
CARD NO. 6+N:

Weight of cask (WT), Height of drop (HD)
Height of the cask (LC)
Radius of the cask (RC)
Height of the cask with impact limiters (LO)
Radius of the cask with impact limiters (RO)
Distance between top and bottom impact limiters (LI)
Radius of the annular hole (RI)
Unbacked foam nominal crush strength (STRNOM)
Foam strain (STN), Foam stress (STS) data.
Use as many number pairs and terminate by putting
-1.0 in the last card (Total of N Cards)
Print frequency (NPRINT)
Crush deformation increment (DEL)
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TABLE 2.10.2-7 OUTPUT FROM COMPUTER PROGRAM CDROP FOR SAMPLE PROBLEM

** IMPACT ANALYSIS OF NUSPSC LLW SHIPPING CASK - CORNER DROP CONDITION **

TOTAL WEIGHT OF CASK =
HEIGHT OF CASK DROP =

HEIGHT OF CASK =
RADIUS OF CASK =
HEIGHT OF CASK WITH IMPACT
LIMITERS =
RADIUS OF CASK WITH IMPACT
LIMITERS =
VERTICAL DISTANCE BETWEEN TOP
AND BOTTOM IMPACT LIMITERS =

RADUS OF ANNULAR HOLE =

40000.0000 (Ibs)
30.0000 (ft)

72.000 (in)
30.000 (in)

120.000 (in)

45.000 (in)

32.000 (in)
25.000 (in)

NOMINAL CRUSH STRESS = 0.00 (psi)

**"*FOAM STRAIN - STRESS RELATION TABLE ****

STRAIN
IN/IN

0.0000
0.0500
0.1000
0.2500
0.4000
0.5000
0.6000
0.7000
0.8000

STRESS
PSI

0.0000
610.0000
900.0000

1000.0000
1200.0000
1550.0000
2200.0000
3700.0000
7200.0000

PRINT FREQUENCY = 20 (STEPS)
ORIENTATION ANGLE OF CASK DROP (DEGREES) = 36.87
INCREMENTAL CRUSH DEFORMATION = 0.0250

2-lOURev. 4
10114199
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TABLE 2.10.2-7 OUTPUT FROM COMPUTER PROGRAM CDROP FOR SAMPLE PROBLEM (CONTINUED)
(PAGE 2)

CRUSH CONTACT
DEFORM AREA

(in) (sq in)

CRUSHED REACTION
VOLUME FORCE

(c in) (Ibs)

STRAIN KINETIC
ENERGY ENERGY

(ft-lbs) (ft-Ibs)

STRAIN DISTRIBUTION ON CONTACT AREA
PORTION OF TOTAL AREA WITH STRAIN
<.7 .7<.8 .8<.9 .9<.95 <.95

0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
5.50
6.00
6.50
7.00
7.50
8.00
8.50
9.00
9.50

12.0
33.8
62.0
95.1

132.6
173.8
218.4
266.0
316.5
369.6
425.2
483.0
543.0
605.0
668.9
734.6
802.1
871.2
941.8

2.4
13.6
37.3
76.4

133.1
209.6
307.5
428.5
574.0
745.4
944.0

1171.0
1427.4
1714.3
2032.7
2383.5
2767.6
3185.8
3639.0

844.8
4761.9

13075.9
26115.2
43561.3
65420.9
90744.6

117798.6
145607.1
173769.0
202243.4
230873.2
259788.3
289200.5
319208.0
349959.1
381540.1
414003.2
447384.0

10.1 1201666.7
113.6 1203333.3
468.3 1205000.0

1269.3 1206666.7
2705.7 1208333.3
4961.0 1210000.0
8206.2 1211666.7

12546.8 1213333.3
18033.1 1215000.0
24685.4 1216666.7
32518.2 1218333.3
41541.1 1220000.0
51761.7 1221666.7
63197.1 1223333.3
75869.9 1225000.0
89808.2 1226666.7

105044.7 1228333.3
121615.4 1230000.0
139557.8 1231666.7

1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00
1.00 0.00 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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TABLE 2.10.2-7 OUTPUT FROM COMPUTER PROGRAM CDROP FOR SAMPLE PROBLEM (CONTINUED)
(PAGE 3)

CRUSH
DEFORM

(in)

10.00
10.50
11.00
11.50
12.00
12.50
13.00
13.50
14.00
14.50
15.00
15.50
16.00
16.50
17.00
17.50
18.00
18.50
19.00
19.50
20.00
20.50
21.00
21.50
22.00

CONTACT
AREA
(sq in)

1013.9
1087.5
1162.3
1238.5
1315.8
1394.3
1474.0
1554.7
1636.3
1719.0
1802.5
1886.9
1972.1
2058.1
2144.9
2232.3
2320.4
2409.1
2498.3
2588.1
2678.4
2769.2
2860.4
2952.0
3044.0

CRUSHED
VOLUME

(c in)

4127.9
4653.2
5215.6
5815.7
6454.2
7131.7
7948.8
8605.9
9403.6

10242.4
11122.7
12045.0
13009.8
14017.3
15068.0
16162.3
17300.4
18482.8
19709.6
20981.2
22297.8
23659.7
25067.1
26520.2
28019.1

REACTION
FORCE

(Ibs)

481707.6
516977.4
553148.8
590204.7
628411.3
668093.4
709437.8
752584.8
797648.3
844803.4
894522.3
947103.4

1002769.2
1059290.8
1114401.2
1168867.3
1225725.7
1286695.3
1352552.8
1425327.2
1506076.0
1597652.4
1702872.6
1823553.4
1961167.6

STRAIN
ENERGY

(ft-lbs)

158910.5
179713.3
202004.5
225821.2
251204.3
278209.4
306901.9
337354.3
369644.0
403853.6
440080.1
478437.0
519048.3
562013.0
607302.9
654869.6
704744.1
757070.7
812035.6
869881.7
930922.7
995540.2

1064250.4
1137661.3
1216448.8

KINETIC
ENERGY

(ft-lbs)

1233333.3
1235000.0
1236666.7
1238333.3
1240000.0
1241666.7
1243333.3
1245000.0
1246666.7
1248333.3
1250000.0
1251666.7
1253333.3
1255000.0
1256666.7
1258333.3
1260000.0
1261666.7
1263333.3
1265000.0
1266666.7
1268333.3
1270000.0
1271666.7
1273333.3

STRAIN DISTRIBUTION ON CONTACT AREA
PORTION OF TOTAL AREA WITH STRAIN
<.7 .7<.8 .8<.9 .9<.95

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.98
0.97
0.94
0.92

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.03
0.06
0.08

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

<.95

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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2.10.3 Computer Code Verification

The structural integrity and the ability of the 10-135 shipping cask to withstand the nominal and the
hypothetical accident conditions is demonstrated by performing the computerized energy balance analysis
using the NUS proprietary computer CEBA. The techniques, assumptions and analysis methods
employed here follow closely those used for the impact analysis of casks in several other (Certificate of
Compliance) applications such as:

a. DOT 6400 Super Tiger
b. DOT 6553 Paducah Tiger
c. DOT 6272 Poly Panther
d. DOT 6679 Half Super Tiger
e. DOT 6744 Poly Tiger
f. AECB - Resin Flask
g. Model MO-1 packaging - Docket No. 71-9069
h. NUPAC Model OH-142 - Docket No. 71-9208

These techniques agree closely with full scale test as well as other publicized standards such as
ORNL-NSIC-68. Also, the analysis results have been found conservative when compared with the results
of full scale testing.

These verifications assure that the computer code CEBA performs its intended function accurately
for the analyses for which it is developed.

All versions of the CEBA computer code have been previously verified to the SEG Quality
Assurance Program.

2.10.4 References

1. "Structural Methods Manual - SSD60048R," Hughe's Aircraft Company, February, 1966.

2. Formulas For Stress and Strain, 5th edition, R.J. Roark and W.C. Young, McGraw-Hill, 1975.

3. Practical Stress Analysis in Engineering Design, A. Blake, Marcel Dekker, 1982.

4. A.E. Spaller, Structural Analysis of Shipping Casks. Vol. 2. Resistance to Puncture, ORNL-TM-1 312,
September, 1966.

5. H. Nelms, Structural Analysis of Shipping Casks, Vol. 3. Effects of Jacket Physical Properties and
Curvature on Puncture Resistance, ORNL-TM-1312, June, 1968.

6. L.B. Shappert, et al., A Guide for the Design, Fabrication and Operation of Shipping Casks for Nuclear
Application, ORNL-NSIC-68, February, 1970.
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3. Thermal Evaluation

This section describes the thermal analysis of the cask to verify the compliance with the
performance requirements to 10 CFR 71.

3.1 Discussion

The cask thermal evaluation involved molding the effects of solar insolation, heat generation by
the cask contents and hypothetical fire. The transfer of heat within the cask structures, from the cask
contents, involves both conductive and convective processes.

Conductive heat transfer occurs between connected metal components. Radiation heat transfer
occurs between the outer surfaces of the cask and the surrounding air environment, in the gap between
the thermal shield and the structural shell and inside the cask cavity.

The thermal protection features of the cask consist of the impact limiters placed at the top and
bottom of the cask and the thermal shield surrounding the cylindrical section. The impact limiter consists
of polyurethane foam enclosed in a 10 gauge stainless steel shell. Because of the low thermal
conductivity of the polyurethane foam, the impact limiter reduces the heat transfer into the ends of the
cask during hypothetical accident conditions.

The thermal shield consists of 10 gauge stainless steel shell surrounding the cylindrical structural
shell of the cask. A nominal gap of 0.25 in. exists between the thermal shield and the outer shield.
Because of the low conductivity of air contained in the gap, the heat resistance gap greatly reduces the
heat transfer rate to the structural carbon steel shell during a hypothetical accident condition.

During normal conditions of transport, the impact limiter and thermal shield cause the
temperature to be higher than it would be without the shield due to the contents of the heat generated by
the cask. The impact limiter and thermal shield now act as insulators offering resistance to heat flow from
the container resulting in higher internal temperatures. However, as this analysis has shown, the internal
heat generation rate of 400 W does not result in excessive temperatures or pressures.

During the hypothetical accident case, the impact limiter and thermal shield prevent the internal
cask temperature from increasing beyond the materials' safe operating temperature limits. In addition, a
10 gauge stainless steel cover over the upper impact limiter has been incorporated into the design. The
cover prevents the temperatures of the primary and secondary gaskets from exceeding their temperature
limit during hypothetical accident condition.

3.2 Summary of Thermal Properties of Materials

Temperature dependent thermal properties of materials used in the cask design are listed in
Tables 3.2-1 thru 3.2-3. The metal and neoprene gasket properties were obtained from Reference [1].
The properties for the polyurethane were obtained from Reference [2]. The properties for the silicone
rubber were obtained from Reference [3]. The absorptivity of the surfaces is listed in Table 3.2-4. All
external surfaces are stainless steel with the exception of the lid, which is carbon steel with white epoxy
paint.

Decomposition of polyurethane begins to occur at 4000F. The decomposition process typically
occurs at a constant temperature. Energy is absorbed during this decomposition process. In the thermal
model, the thermal properties of the polyurethane are kept constant between 1000 F and 14750F. The
decomposition of the material is not accounted for therefore resulting in predicted polyurethane
temperatures higher than the decomposition temperature of 4000 F. Because the polyurethane is allowed
to rise above its decomposition temperature in the model, more heat will be conducted to the cask.
Therefore the predicted temperatures are conservative. The results show that a very minimal amount of
heat is conducted through the impact limiter to the cask so a more extensive analysis is not warranted.

AT. N.ea SeAc LL 3-
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TABLE 3.2-1 THERMAL PROPERTIES
Carbon Steel [1] Stainless Steel [1] Lead [1] Polyurethane

Temperature k Cp k Cp k Cp K [9] Cp[2]
(OF) Win- F )(W-slb-F in- F) (W-s/lb-YF) (W/in- F) (W-s/lb- F) (W/in-uF) (W-s/lb-OF)
0 0.01294 327.081
81 0.740 0.212 120.2 0.4940 32.5

116 _ _ _ __ _ _ _327.081

170 337.632
229 _ _ _ _

260 0.710 126.0 0.239 129.8 0.4800 33.3
290 358.734
330
350 369.285
390 390.387
400 0.01294
440 0.680 133.5 0.254 135.8 0.4660 34.3
470 j 422.04
620 0.635 143.6 0.282 140.3 0.4370 35.8
650 422.04
981 0.522 176.4 0.325 146.6
1341 0.409 360.3 0.353 153.9
1701 0.367 161.2
2241 0.420 171.8

TABLE 3.2-2 THERMAL PROPERTIES OF GASKETS
Material k Cp

(W/in- F) (W-s/Ib- F)
Silicone Rubber [3] 0.00267 316
Neoprene Gasket [1] 0.00268 486

TABLE 3.2-3 MATERIAL DENSITIES
Material Density

lb/in
Carbon Steel [1] 0.28
Stainless Steel [1] 0.28
Lead [1J 0.41
Polyurethane [2] 0.057
Silicone Rubber [3] 0.043
Neoprene Gasket [1] 0.045

TABLE 3.2-4 OPTICAL PROPERTIES
Material | a

White Epoxy Paint [1] 0.25
Stainless Steel (external) [4] 0.58

nr4

10/14/99
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3.3 Technical Specification of Components

Engineering drawing STD-02-106 showing the general arrangement of the cask is provided as an
attachment to this report. This drawing shows the cask dimensions and material specifications. All
structural members are fabricated from commercial grade materials. Descriptions of structural materials
are contained in Section 2.3.

The primary and secondary seal materials are silicone rubber and neoprene. The sealing
material for the leak test point is Loctite's 567 Product or equivalent. The silicone rubber and neoprene
materials are capable of withstanding a transient temperature of 5000F. The maximum allowable
temperature of Loctitie 567 product is 4000F. The sealing properties temperature of this material is
retained below the above listed temperature limits.

3.4 Thermal Evaluation for Normal Conditions of Transport

The thermal analysis for normal transport conditions was performed in accordance with the 10 CFR
71 specified requirements. This condition assumes steady state conditions:
- Solar flux of 800 cal/cm2112hrs on horizontal surfaces and 400 cal/cm2/12 hrs on vertical surfaces
- 100OC ambient temperature
- Internal power dissipation 400W.
An analytical thermal model was developed to determine the temperature distribution of the cask.

3.4.1 Thermal Model

A three-dimensional model was created using the Thermal Analysis System (TAS) software
developed by Harvard Thermal Inc. There is symmetry about the vertical axis therefore only a 100 slice of
the cask was modeled. The modeled configuration (see drawing STD-02-106) consists of the cask fitted
with an impact limiter and upper impact limiter cover. Radiation and natural convection to the 1000C
ambient temperature was incorporated into the thermal model. Most of the material properties used in the
analysis were temperature dependent. Figure 3.4.1-1 shows a description of the model with the impact
limiter. Appendix 3.6 provides further information on the TAS software and modeling.

The thermal model contains 2821 nodes, which is sufficient to accurately predict the steady state
response of the cask during normal transport conditions. The following assumptions were made in the
analysis (see Figure 3.4.1-2):

- Conduction heat transfer from: impact limiter to primary seal, secondary to primary lids through
silicone and neoprene gaskets, inner shield to lead to outer shield, primary lid to seal plate through
silicone gasket, and seal plate to lead.

- Air gap between the outer shield and thermal shield was model with conduction and internal radiation
elements

- Radiation (E=0.11) and convection (H.T. Coefficient: 2 Btu/hr-ft2-OF [7]) inside the cask cavity.
- Radiation (E=0.9) and convection (H.T. Coefficient: 2 Btu/hr-ft 2- OF) between the cover and the

external surfaces of the primary seal, secondary seal and impact limiter.
- Radiation to a 1000F external air (E=0.9)
- Natural convection to 1000F ambient (H.T. Coefficient: 2 Btu/hr-ft2-0F)
- 400 W internal heat dissipation. The 400 W were applied to the internal air node. The air node is

connected to the internal walls of the cask through natural convection and radiation.

Rev. 4 ATG Nuclear Services. LLC 3-3
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Solar Flux: 800 cal/cm2/12 hrs on horizontal surfaces and 400 cal/cm 2/12 hrs on vertical surfaces as
shown in Figure 3.4.1-3. The average solar flux applied to the horizontal surfaces is 66.7 cal/cm2 (0.5
W/in2). The average solar flux applied to the vertical surfaces is 33.3 cal/cm2 0.25 Wfin2). The solar
flux was applied to a horizontal area of 242.8in2 and vertical area of 1145.2 in for a 100 slice of the
cask.
The content of the cask is assumed to be air with no capacitance. This assumption will provide more
conservative results

I't..' -IPQQ 1.4
ver

Figure 3.4.1-1 Model Components

j-4Rev. 4
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Internal Convection
Radiation

External Convection
Radiation to all Exposed Areas

Figure 3.4.1-2 Model Description

Figure 3.4.1-3 Solar Flux
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3.4.2 Maximum Temperatures

Figure 3.4.2-1 shows the steady state temperatures during normal condition of transport. Table 3.4.2-1
shows the maximum temperature at the various components of the cask. The results show a maximum
temperature of 1 340F at the edge of the impact limiter. The maximum temperature at the primary lid is
1 300F. The maximum temperature at the secondary lid is 1 320F. Because the thermal conductivity of the
cask is relatively high, the temperature gradients are small. The gap between the thermal shield and
outer shell accounts for most of the thermal resistance of the cylindrical section.

3.4.3 Ambient Temperatures

The steady state temperature condition for normal transport is an ambient temperature of 1000F in still air
and insolation in accordance with 10 CFR 71.71c (1).

139
138
137
135
134
133
132
130
129
12B
127
126
124
123
122
121
120
118
117
116
115
113
112
111
110
109
107
106
105
104
102
101
100

139
138
137
135
134
133
132
130
129
128
127
126
124
123
122
121
120
118
117
116
115
113
112
111
110
109
107
106
105
104
102
101
100

Figure 3.4.2-1 Steady State Temperatures for Normal Conditions of Transport
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TABLE 3.4.2-1 SUMMARY OF MAXIMUM TEMPERATURES

Max. Allowable Max. Allowable Maximum Expected Time (min.) to
Location Continuous Temperatures during Temperatures (OF) reach Max. Temp

Temperatures Transient Normal Accident after 30 min. fire
(OF) (OF) Transport Case

Inner Shield 2546 2546 128 217 8 min.
Outer Shield 2546 2546 126 374 0 min.
Thermal Shield 2546 2546 124 1402 0
Lead 622 622 128 302 1.5 min.
Primary Lid (external) 130 210 0 min.
Primary Lid (internal) 130 204 5 hr. 20 min.
Secondary Lid (external) 132 394 0 min.
Secondary Lid (internal) 132 247 1 hr. 18 min.
Primary Gasket (Silicone) 250 500 129 202 5 hr. 58 min
Secondary Gasket (Neoprene) 250 500 132 350 0.5 min.
Secondary Gasket (Silicone) 250 500 132 252 8.5 min.
Impact Limiter (Stainless Steel) 2546 2546 134 1457 0 min.
Polyurethane (2 in. from Stainless 158 400 132 201 2 hr.
Steel)
Polyurethane (Center) 158 400 127 127 0 min.
Internal Air n/a n/a 129 250 18.5 min.
Leak Test Point Sealant 400 400 131 302 0 min.
Stainless Steel Cover 2546 2546 139 1235 0 min.

Rev. 4
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3.4.4 Maximum Internal Pressures

Table 3.4.2-1 shows that the maximum internal air temperature is 1290F. As a result, the internal
pressure is elevated above atmospheric pressure. The internal pressure at steady state can be
estimated by assuming the atmosphere contains dry air at 14.7 psi and 700F when the cask is closed.
Because the contents will normally contain water, it is assumed that at steady state transport conditions
the air is at a temperature of 1290F and saturated with water vapor [8]. The internal pressure at 1290F is
equal to the sum of dry air and the vapor pressure of water:

P = (14.7 psi)x(589R/530R) + 2.225psi 18.6 psi

Assuming the minimum pressure of 3.5 psia specified in 10 CFR 71 Section 71, the pressure differential
is 18.6 psi- 3.5 psi = 15.1 psi.

Consideration of the stresses due to pressurization of the cask to 14.9 psi is contained in Section
2.6.1.3 of this report.

3.4.5 Maximum Stresses

Consideration of thermal stresses due to conditions of normal transport and due to lead pour
during fabrication is contained in Section 2.6.1.2 of this report.

3.4.6 Evaluation of Package Performance for Normal Conditions of Transport

A summary of maximum temperatures due to normal transport condition is given in Table 3.4.2-1.
The maximum temperature of 1390F is significantly below the required 1850F for exclusive use shipment
as stated in 10 CFR 71.43 (g). The silicone rubber and neoprene seals are capable of withstanding a
continuous temperature of 2500F. The leak test point sealant can withstand a continuous temperature of
4000F. The polyurethane can withstand a temperature of 1580F.

The results of the analysis concerning structural integrity of the cask, as it is affected by
temperature extremes during normal transport conditions, is contained in Sections 2.6.1 and 2.6.2 of this
report.

3.5 Hypothetical Accident Thermal Evaluation

In this section, the effect of hypothetical accident thermal conditions on the package is evaluated.
The hypothetical accident is defined in 10 CFR71.73 (c)(4) and it is required in IOCFR71.73 (a) that the
conditions be applied sequentially; that is that the thermal test follows the free drop and puncture tests.
The reduction in the insulating capabilities of the impact limiter caused by the free drop is considered in
the thermal analysis of the hypothetical accident.

3.5.1 Thermal Model

A three-dimensional model was created using the Thermal Analysis System (TAS) software
developed by Harvard Thermal Inc. There is symmetry about the vertical axis therefore only a 100 slice of
the cask was modeled. The models consist of a cask with an impact limiter. Radiation and natural
convection to the 1 00F ambient temperature was incorporated into the thermal model. Most of the
material properties used in the analysis were temperature dependent. Figure 3.4.1-1 shows a description
of the model with the impact limiter and upper impact limiter cover.

Rev. 4 ATG Nuclear Services. LLC 3-8
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The thermal model contains 2821 nodes, which is sufficient to accurately predict the steady state
response of the cask during normal transport conditions. The following assumptions were made in the
analysis:

- Conduction heat transfer from: impact limiter to primary seal, secondary to primary lids through
silicone and neoprene gaskets, inner shield to lead to outer shield, primary lid to seal plate through
silicone gasket, and seal plate to lead.

- Air gap between the outer shield and thermal shield was model with conduction and internal radiation
elements

- Radiation (E=0.11) and convection (H.T. Coefficient: 2 Btu/hr-ft2-OF [7]) inside the cask
- Radiation (E=0.9) and convection (H.T. Coefficient: 2 Btu/hr-ft2-0F) between the cover and the

external surfaces of the primary seal, secondary seal and impact limiter
- External radiation to a 14750 F (8000C) flame (30 minute duration, E=0.9)
- External radiation to 1000F ambient (during cooldown time, E=0.9)
- Natural convection from 14750F flame (30 min. duration, H.T. Coefficient:

2 Btu/hr-ft2- OF)
- Natural convection to 10000F ambient (during cooldown time, H.T. Coefficient:

2 Btu/hr-ft2-OF)
- 400 W internal heat dissipation. The 400 W were applied to the internal air node. The air node is

connected to the internal walls of the cask through natural convection and radiation.
- Solar Flux: 800 cal/cm 2/12 hrs on horizontal surfaces and 400 cal/cm2/12 hrs on vertical surfaces as

shown in Figure 3.4.1-3. The average solar flux applied to the horizontal surfaces is 66.7 callcm2 (0.5
W/in2). The average solar flux applied to the vertical surfaces is 33.3 cal/cm2 ~0.25 W/in2). The solar
flux was applied to a horizontal area of 242.8in2 and vertical area of 1145.2 in for a 100 slice of the
cask.

- The content of the cask is assumed to be air with no capacitance. This assumption will provide more
conservative results

As stated in 10 CFR 71.73 (b), the initial temperature assumed was 100 F ambient temperature and with
solar insolation. Figures 3.4.2-1 shows the steady state temperatures under these conditions and 400W
heat generation of the contents.

3.5.2 Package Conditions and Environment

Prior to the initiation of the flame, the cask is assumed dropped on one corner so that a region of the
polyurethane foam is crushed. Crushing the impact limiter reduces its effectiveness as a thermal
insulator.

To determine the impact of crushing the impact limiter two cases were analyzed. The first one assumes
that crushing the impact limiter had no impact in the thermal performance of the cask during a 30-minute
fire. The second case assumes that the insulating capability of the impact limiter has been lost. These
two cases envelop the best and worst case scenarios during the hypothetical accident thermal evaluation.

3.5.3 Package Temperatures

The thermal conditions imposed on the cask during the hypothetical accident are that the cask is
subjected to a fire with a temperature of 1475 F for a period of 30 minutes. After the 30-min. period, the
flame is extinguished and ambient temperature reduced to 100 F. Insolation is applied to the cask during
cooldown.

Rev. 4 ATG Nuclear Services, LLC 3-9
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Figure 3.5.3-1 shows the predicted temperatures of the package after 30 minutes following the initiation of
the flame for the cask with the impact limiter. The stainless steel shell of the polyurethane has a
temperature of 1457 F. The thermal shield has a temperature of 1402 F. These temperatures are
expected to be high because these nodes have a small heat capacitance and high resistance to internal
nodes. The maximum temperature gradient across the structural shell is 41'F. This value was obtained
by subtracting the outer shell average temperature (2730F) to the inner shell average temperature (2320F).
The outside surfaces of the primary and secondary lids have increased to 210 F and 394 F, respectively.
However, there is a large temperature gradient across the thickness of the lid. The maximum
temperatures of the primary and secondary internal lid are 204 F and 247 F, respectively. The maximum
temperature gradient on the lid occurs at the outer edge of the secondary lid, which is 1 in. thick. The
maximum temperature gradient across the secondary lid is 930F (3940F-301'F).

After the 30-minute fire, the ambient temperature is reduced from 14750 F to 1000F and consequently the
cask begins to lose heat to the environment. However, the temperatures in some regions of the cask
continue to increase for some time due to heat conduction from surrounding regions of higher
temperature. Figure 3.5.3-2 shows temperatures for the inside of the cask, lead, and gaskets. The
silicone gasket in the primary lid reaches a maximum temperature of 202 F at 5 hours and 58 minutes
after the fire is extinguished.
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1408.60
1426.81
1383.12
1340.43
1287.73
1265.04
1212.35
118.0.8
1120.97
1084.28
1041.68
998.89
956.20
913.51
870.82
828.13
785.43
742.74
700.06
067.30
814.87
571.98
529.29
488.59
443.90
401.21
358.52
316.83
273.14
230.44
187.76
146.08
102.37

Figure 3.5.3-1 Temperatures after the 30-min fire

Figure 3.5.3-2 Temperature as a function of time for selected locations of the cask during a hypothetical
accident
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3.5.4 Maximum Internal Pressure

The internal pressure is increased during the hypothetical accident due to heating of contents.
Chemical decomposition will not occur since the maximum temperature of the internal walls is 250'F.

The internal pressure can be estimated by the same procedure that was used for normal
transport conditions. The maximum internal air average temperature of 250 F will be used to determine
the maximum internal pressure. Using the same assumptions as in Section 3.4.4 yields:

P=(14.7 psi)(710R/530R) +29.8psi=49.5 psi

Assuming a minimum external pressure of 14.7 psi, the maximum pressure differential is 34.8 psid.
Consideration of the stresses due to pressurization of the cask to 34.8 psid is contained in Section 2.7.3.3
of this report.

3.5.5 Maximum Thermal Stresses

Consideration of thermal stresses due to hypothetical accident conditions is contained in Section
2.7.3.2 of this report.

3.5.6 Evaluation of Package Performance for the Hypothetical Accident Thermal Conditions

A summary of maximum temperatures due to a hypothetical accident condition is given in Table
3.4.2-1. The results show that none of the components of the cask exceeds their maximum allowable
temperatures for a transient analysis. Furthermore, the integrity of the container is not compromised
regardless of the condition of the impact limiter after the free fall test and high temperatures.
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3.6 Appendix

3.6.1 Description of the Thermal Analysis System (TAS)

TAS is a general-purpose commercially available tool used to computer-simulate thermal
problems. The program provides an integrated, graphical and interactive environment to the user. A
single environment provides model generation, execution and post processing of the results. Models are
generated using a set of elements. Full three-dimensional geometry can be created using two
dimensional plate and three-dimensional brick and tetrahedron elements. Convection, radiation and fluid
flow elements are provided. Resistance can be added using resistor elements. Properties can be
temperature, temperature difference, time and time cyclic dependent. Heat loads can be added on a
nodal, surface or volumetric basis.

Models generated can be subjected to various environments and thermal loads. The models can
be used to determine the feasibility of a design or to determine problem areas. Geometry, thermal
properties and parameters of the model can be easily changed to determine their effect. The design can
be thermally optimized and characterized before incurring the expense of building and testing a prototype.

TAS contains a finite difference solver. This technique performs a heat balance at each node in
the model. This entails calculating the node temperature based on the resistance and the temperatures
of all nodes attached to the node in question.

3.6.1.1 Details of The Steady State Solution All resistor data is streamlined to result in a fast
running solution. The following finite difference solution routine is used for steady state solutions.

+ Q,

Ti = Tild * (1 - damp) + damp* R -))

where;

Ti is the new calculated temperature of the node for
that the heat balance is being performed

Tjold is the temperature of the node for which the heat
balance is being performed for the previous
iteration

T(i +1) is the temperature of the node connected to the
node Ti by the resistor R(i + 1)

Qi is the total heat load on the node for which the heat
balance is being performed. This may be a fixed value and/or a
temperature dependent value
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damp is a damping coefficient. Damping is only needed in some nonlinear solutions,
ones with radiation, variable material properties. This equation is performed on
all nodes in the model.

3.6.1.2 Details of The Transient Solution

All resistor data is streamlined to result in a fast running solution. The following finite difference solution
routine is used for transient solutions.

T' R(j+I)
p *Cp*V

For arithmetic nodes:

Rj + 1)A

R(j, +,))) i

where:

T1 is the new calculated temperature of the node
Told is the temperature of the node for the previous

iteration
T(J + i) is the temperature of the node connected to the

node T1 by the resistor R(i + 1)

Qi is the total heat load on the node for which the heat
balance is being performed.

pCP V is the capacitance of the node.

The summations are for all resistors attached to the node.

3.6.1.3 Radiation Elements

For node to surface radiation elements, radiation resistance's are calculated from each comer node of the
referenced plate, brick tetrahedron element face to the single referenced node. The area associated with
each node is determined from the element face geometry. The product of the area, Stefan-Boltzmann
constant, view factor and emissivity is calculated and stored (Krad). Radiation is treated separately
during the solution of the model. Before every iteration in the solution, the following formulation is used to
calculate the radiation resistance;

R1
Krad * (T12 + T22 )*(T + T2)

Rev. 4 ATG Nuclear Services, LLC 3-14
10/14/99



Safety Analysis Report for the 10-135 Radwaste Shipping Cask STD-R02-019

where the variables T1 and T2 are the temperatures in absolute of the two nodes to which the radiation
resistor is connected. This resistance is calculated every iteration during the solution since its value is
dependent upon the node temperatures. If the values for emissivity or view factor reference array data,
the value for Krad is updated. Having radiation in a model therefore makes the model nonlinear. For
Node to Surface Radiation, if emissivity or view factor is temperature or time dependent, the data is
interpolated based on the temperature of the surface.

3.6.2 Verification of the Thermal Analysis System (TAS)

The accuracy of TAS can be determined by comparison with known theoretical solutions contained in the
literature. Two examples will be used to demonstrate the accuracy of the software.

3.6.2.1 Example 4-3 (Ref. 2) A large two-inch thick sheet of plastic material ( = 50 Ibm/ft3, c =
0.2 Btu/lbm *F, k = 0.5 Btu/ hr ft 'F, a = 0.05 ft2 /hr) is initially at 100 OF. It is suddenly immersed in boiling
water so that its surface temperature rises to 212 OF. Determine the temperature at a plane 1/2 inch from
the surface. Answer 171.5 OF

Model:

Using symmetry, only one strip of the material needs to be modeled. Also using symmetry, only one half
of the material needs to be modeled. The strip was modeled using 20 plate elements. The strip of plate
elements was 0.625 inches wide by 1.0 inches long. The plate thickness was input into the 'Properties'
table as one inch. The surface temperature nodes were given a boundary temperature of 212 'F. The
transient solution was run for three minutes with a print step of 0.1 minutes.

Results:

At time equals three minutes, the temperature at a depth of 1/2 inches into the material was 170.5 OF.

The figure below shows model temperatures after three minutes. The plot below shows the temperature
response at 1/2 inch thickness. A comparison of the results shows excellent agreement, with the two
solutions within 0.58% of each other, as shown below. The TAS results are in the results file Ex43.OUT
found in the Benchmarks directory.

Theory TAS Percent difference
171.5 170.5 0.58
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3.6.2.2 Example 4-4 (Ref. 2)

Example 4-4: A concrete wall, 1 foot thick and originally at 100 0F, is suddenly exposed on one
side to a hot gas at 1600 OF. If the heat transfer coefficient on the hot side is 5 Btu/hr ft OF and the
other side is insulated, determine the time required to raise the temperature of the insulated face of
the slab to 1100 OF. Answer 37.5 Hours

TAS model Ex44.MOD in the Benchmarks directory

Model:

Using symmetry, only one strip of the material needs to be modeled. The strip was modeled using
30 bricks, 125 nodes, and 1 convection element. The row of brick elements was 1 foot long, 0.1
inches wide, and 1 foot thick. One boundary node was generated and given a constant
temperature of 1600 OF. One convection element was attached between the boundary node and
the front face of the row of bricks. The transient solution was run for forty minutes. The print steps
were 0.5 minutes from time equals zero to time equals thirty and 0.1 minutes from time equals
thirty to time equals forty. The material properties were as follows:

k = 0.54 Btu / hr ft 0 F
cp = 0.20 Btu / Ibm OF

= 144 Ibm / ft3

Results:

At time equals 35.3 hours, the temperature at the insulated face of the slab reached 1103 OF.

The temperature response at the insulated face is shown in the plot below. Temperatures in the
slab at 35.3 hours in shown in the figure below.

Comparison of the two solutions show a difference of 5.9%, as shown below. The TAS result is the
more accurate, since the theoretical result was achieved by reading a graph which leads to slightly
inaccurate results

Theory TAS Percent difference
37.5 35.3 5.9

Rev 4 ATG Nuclear Services. LLC 3-17
10/14/99



Safety Analysis Report for the 10-135 Radwaste Shipping
Cask

STD-R-02-01 9

1a8o00
1584.42
1588.83
1553.25
1537.87
1522.08
1508.50
1490.92
1475.23
1459.76
1444.17
1428.58
1413.00
12397.42
1381.83
138825
1350.08
1335.08
1319.50
130301
1288.23
1272.75
1257.18
1241.58
122.800
1210.41
119403
117925
1183.68
1148.08
113230
1118.81
1101033

Temperature distribution of insulated face of a concrete slab at 35.3 hours

Temperature Response of Insulated Concrete Wall

C
5)
5)

0}

Q
Pk
P
5)

12

5)

110 _

1000

800

700

600 //

1 0 I I A A . . I I I
U 10 20

Timre (hours)
40 50

Rev. 4
10/14/99

ATG Nuclear Services, LLC 3-18



Safety Analysis Report for the 10-1 35 Radwaste Shipping Cask STD-R-0201 9
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4. CONTAINMENT

This chapter identifies and discusses the package containment for the normal conditions of
transport and the hypothetical accident conditions.

4.1 Containment Boundary

The containment boundary claimed for the package is the 10-135 transport cask described in
Section 1.2 and Drawing STD-02-106 attached to this report.

4.1.1 Containment Vessel

The 10-135 cask will be used to carry radioactive material in a liner/container. The cask cavity has
a total capacity of approximately 142 cubic feet. Typical liners to be used include steel containers and
high integrity containers. The 10-135 cask is designed to contain the radioactive material during normal
transport and hypothetical accident conditions. No containment credit is taken for the liner, which holds
the solid or liquid radioactive material.

4.1.2 Containment Penetration

The only penetration of the containment vessel is a 0.40 inch diameter vent hole in the container
primary lid. This vent hole is used as a test portal during leak testing of the container. A detail of this vent
hole is shown in Detail C, Sheet 1 of Drawing STD-02-106. A copy of Drawing STD-02-106 is attached to
this report. During transport this vent hole is sealed off by a standard threaded pipe plug and thread
sealant Inspection of this plug location is specified in the operating procedures for the cask.

4.1.3 Seals and Welds

The top of the cask is provided with a combination of a primary lid and a secondary lid. The
arrangement is shown schematically in Figure 1.2.1-1 and is described in Section 1.2. Both the primary
and secondary lids are fitted with silicon and/or neoprene gaskets at the sealing interfaces. Specific
details of the cask lid arrangement and the gaskets involved in sealing the lids are shown in Drawing
STD-02-106 attached to this report. Further description of the sealing arrangement is contained in Section
2.7.4.

With the exception of the attachment of the primary and secondary lids, the cask is an all welded
construction. Details and specifications regarding welding of the cask structure are shown in Drawing
STD-02-106.

4.1.4 Closure

The cask primary and secondary lids are fastened to the cask body by a bolting arrangement as
described in Section 2.1 and as shown in detail in Drawing STD-02-106 attached to this report. The bolt
torque requirements upon closure are 325 ft-lb for the primary lid nuts and 210 ft-lb for the secondary lid
nuts.

ATG Nuclear Services, LLC 4-1
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4.2 Requirements for Normal Conditions of Transport

The following is an assessment of the package containment under normal conditions of transport
based in part on the analyses performed in Chapters 2 and 3.

4.2.1 Containment of Radioactive Material

4.2.1.1 Structural and Containment Integritv. Normal transport conditions will not compromise the
structural or containment integrity of the cask. Transport conditions as specified in 10 CFR 71 will result in
an increase in temperature and internal pressure of the container contents. These conditions of transport
and their influence on the release of radioactive contents from the container are considered in the
following section.

4 2.1.2 Cask Containment Criterion . The 10 CFR 71 Section 51 (a) specifies that there be no
loss or dispersal of radioactive contents, as demonstrated to a sensitivity of A2xl 06 per hour, (or
equivalently, as specified in Section 5.4.1 of ANSI N14.5-1997, 2.78E-10 x A2 per second). The liner to be
loaded in the cask cavity will contain radioactive material, including ion exchange resins, filters, solidified
material, liquids, etc., in a medium of air occupying the voids in the liner and cask cavity. The cask closure
is designed to contain the liners radioactive material within the cask during normal conditions of transport
and hypothetical accident conditions.

The most plausible condition for the release of radioactive material is the release of gaseous
activity generated during transit via the passive vents on the radioactive material containers. Prior to
sealing the cask, the radioactive material will be vented to remove radioactive gases. This is done at the
plant site. During transport, however, gaseous activity may be generated by decay of isotopes.

The SAR leakage analysis used here is based on the methodology of ANSI N14.5-1997. The
development of the application of ANSI N14.5-1997 to the cask is presented in:

* Containment Leakage Analysis Approach (Section 4.5.1),
* Containment Leakage Fluid Properties (Section 4.5.2), and
* Leakage Rate Determination Methodology (Section 4.5.3).

As discussed in Section 4.5.1, the sources of mobile radionuclide bearing fluid media evaluated
for normal transport were:

* radionuclide gas generation from the radioactive material being shipped (LN void gas)

* power aerosol generation from the radioactive material being shipped (LN aerosol),

* free standing liquid containing radioactive material shipments (LN 1% ficuld ), and
* liquid radioactive material shipments (LN rwiud ).

where the term in parenthesis is the corresponding fluid leakage rate (cm3ls).

As shown in Section 4.5.3, the general expression for determining the permissible leak rate from
the container under normal transport conditions are:

LN void gas = 2.78E-1 0 X Vvoid / M

LNaeoSOI = 2.78E-10 x Vo I M

LN1% iquid = 2.78E-10 x 0.01 x VwI M

LN liquid = 2.78E-1 0 x Vw I M

where
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Vw = radioactive material volume

VvoId = cask cavity void volume

M = total curies in cask / A2 value determined per 10 CFR 71 Appendix A

For the generally representative radioactive material volume parameters (see Section 4.5.2):

Vw = 3.54E+06 cm3

VV0;d = 4.8E+05 cm3

These equations become (see Section 4.5.3):

LNVoid gas = 1.33E-04 I M

LN ael = 1.33E-04 / M

LN 1% lquid = 9.84E-06 / M

LN liquid = 9.84E-04 / M

The cask will be used to ship radioactive materials from generators (e.g., BWR, PWR, DOE, DOD)
who deal with a diverse range of radioactive materials. The potential radioactive materials to be shipped
can not be defined a priori. The cask is intended to be useable with a wide range of possible:

* materials,
. radionuclides,
* radionuclide alpha, beta, and gamma emissions properties, and
* non-radioactive materials

that would comprise the radioactive materials shipment. Therefore the radionuclide make up of the suite
of wastes which could be potentially shipped can not be specified.

Radionuclide leakage source term consideration (Section 4.5.4) involved evaluating a number of
cases of radionuclide contents based on the information in NUREG/CR-6487. The purpose was to
provide insight into the general relationships between the curie content in a radioactive material placed
in a cask and the associated curie content of the potential mobile media coming from that radioactive
material. The consideration involved examining hypothetical radionuclide mixes based on NUREG/CR-
6487. These mixes do not represent known, actual, or bounding radioactive materials for shipment in
the cask. The identification of the possible suite of radioactive constituents for radioactive materials to
be shipped in the cask is given in 1.2.2. The curie content of the cask is limited by three regulatory
requirements. The maximum radioactivity of the combined constituents in any waste to be shipped will
be limited by the criteria in 10 CFR 71.43(g), 71.47, and 71.51. Only radioactive material and
radionuclide constituent combinations that meet these requirements can be shipped in the cask.

The cask leakage rates, as the above equations show, are a function of the radioactive material
volume. The M values for the cask, if it is assumed the radioactive materials volume is 3.54E+06 cm3,
are those given in Table 4.5.5-2 of Section 4.5.5. Using these M values, the leakage rate equations are:

LNvoid gas = 1.33E-04 / 0.35 = 3.80E-04 cm3/s

LN aeMsoI = 1.33E-04 / 0.35 = 3.80E-04 cm3/s

LN 1% liquid = 9.84E-06 / 0.70 = 1.41 E-05 cm3/s

Rev. 4 ATG Nuclear Services, LLC 4-3
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LN lquid = 9.84E-04 / 70 = 1.41 E-05 cm3ls

4.2.2 Pressurization of Containment Vessel

Prior to transport, the package must be vented to eliminate any gases, which have accumulated.
These gases may include radiolytically generated hydrogen and very small amounts of radioactive gases
resulting from isotopic decay.

The volume of gas generated due to isotopic decay, such as the decay of iodine to xenon, will be
insignificant, but the potential exists for combustible quantities of hydrogen to be generated radiolytically
from wet wastes such as dewatered resins. For any package containing materials with a radioactivity
concentration exceeding that for low specific activity material, the hydrogen generation rate must be
determined. If the hydrogen concentration will exceed 5% by volume, the secondary container and cask
cavity must be inerted with a dilutent to assure that oxygen is limited to 5% by volume. (Refer to IE
Information Notice No. 84-72, "Clarification of Conditions for Waste Shipments Subject to Hydrogen Gas
Generation.")

If the internal gas pressure does increase up to the 5% limit for hydrogen, the cask will not be
adversely affected. A 5% increase in the gas volume in the package will result in an approximate 5% or
0.74 psi increase in the internal pressure of the cask:

Pressure increase = (0.05) (14.7 psi) = 0.74 psi

Analysis of the cask for a much larger differential pressure of 26.4 psi has been conducted in Sections
2.6.1.3, and the container was shown to be adequate to withstand that pressure.

4.2.3 Containment Testing Criterion

A leak test is required to verify cask containment under conditions of normal transport [10 CFR
71.51(a) (1)]. The leak test, which will be employed will be detection of a leak using a CO2 detector. The
procedure is described in Chapter 8.

As shown by the final equations in Section 4.2.1.2, the following relations hold:

LN void gas = LN aeWol and LN 1% lIquid = LN liquid

Thus, the calculation of the ANSI N14.5-1997 specified reference air leakage rate at reference
conditions LR, involves two cases. Table 4.2.3-1 and 4.2.3-2 show these calculations and associated
parameters for determining LR, where the radioactive material volume is assumed to be 3.54E+06 cm3. In
all cases, the LN value is lower than the LA value. Therefore, as per ANSI N14.5-1997 Section 6.2, LR is
set equal to LN to determine the CO2 leak rate.

Table 4.2.3-3 gives the resultant CO2 leak rate test values. The M values given in these tables are
the total fluid curie to radionuclide A2 curie ratios for the cask loaded with 3.54E+06 cm3 of radioactive
material. These M values are based on testing using the CO2 Tracer Gas limit criteria of a leakage rate
less than 7E-04 cm3/s as specified in the procedure STD-P-02-034 (attached to this report). As shown in
Section 4.5.5, this 7E-04 cm3/s measured C02 tracer leakage rate corresponds to a net leak rate (Lco2
test) of 2E-03 cm3/s for the cask C02 + air mixture. Note that all the LCO2 test leak rates are at the 2E-03
cm /s value corresponding to the 7E-04 cm3/s criteria used in the procedure STD-P-02-034.

Rev. 4 ATG Nuclear Services, LLC 4-4
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Table 4.2.3-1 GASEOUS FLUID ANALYSIS & AEROSOL FLUID ANALYSIS

Terms and Equations Values References

Multiplier M 1.10E-01

Normal Transportation Case Rates

LN ,, (normal volumetric leak rate, cm5/s) = 1 .33E-04 / M = 1.21 E-03

Accident Transportation Case Rates

LAee, (accident volumetric leak rate, cm"Is) = 7.92E-01 / M = 7.20E+0O

Void Space Fluid Gas Parameters

a(leak hole length, Inches) 3.OOE+00

a (leakage hole length, cm) - a(inches)x 2.54(cmrinch) = 7.62E+00

Void space fluid Air + wtr.
________________________________ ( molecuvapor
MWIr (fluid molecular weight, g/mole) 2.90E+01

MWwater vaw (fluid molecular weight, glmole) 1 .80E+01

Normal Transportation Case Temperature and Pressures

TU,N (temperature, F) 1.29E+02
T.,N (temperature, K) 3.27E+02

PU.N(psia) 1.86E+01

PUN (upstream fluid pressure, atm) = PN(psia)l14.7(psia/atm) = 1.27E+00

Pd,N(psia) 1.47E+01

PdN (downstream fluid pressure, atm) = 1.001E+00

P.,N(average stream pressure, atm) = 0.5 x (PUN+Pd,N) = 1.13E+00

pa,, (viscosity of fluid in void space at T,N, centipoise) 1 .93E-02 Chemical Engineers' Handbook, 5th Ed., R. H. Perry & C. H. Chilton, p 3-211

pwm,,.p, (viscosity of fluid in void space at TU,N, centipoise) 1.08E-02 Chemical Engineers' Handbook, 5th Ed., R. H. Perry & C. H. Chilton, p 3-211

4-0Rev. 4
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TABLE 4.2.3-1 GASEOUS FLUID ANALYSIS & AEROSOL FLUID ANALYSIS (CONTINUED)

r. - -- -. 1

Par (cask cavity, psia) 1.64E+U1

Paw (cask cavity, atm) 1.12E+00

Pwa.t vapor (cask cavity, psi) 2.22E+00

Pwater vapor (cask cavity, psi) 1.51 E-01

Pmbc (viscosity of gas mixture, centipoise) = [Par X Uair + Pwater vapor X Uwatervapor] / PUN = 1.83E-02

MW,& =(molecular weight of gas mixture, g/mole) = [Par x MWqw+ Pwe ervaporX Mwater vapor]I PU.N = 12.77E+01

Accident Transportation Case Temperatures and Pressures

TUA (temperature, F) 2.50E+02

TUA (temperature, K) 3.94E+02

PU A(psia) 4.95E+01

PU A (upstream fluid pressure, atm) = PuA(psia)/l 4.7(psia/atm) = 3.37E+00

PdA(psia) 1.47E+01

PdA (downstream fluid pressure, atm) = 1 .OOE+O

P.A(average stream pressure, atm) = U.5X(u'A+VdA) =Zl.18t+UU

Paw (viscosity of fluid in void space at TUN, centipoise) 2.18E-02 Chemical Engineers' Handbook, 5th Ed., R. H. Perry & C. H. Chilton, p 3-211

Pwatervapor (viscosity of fluid in void space at TUN, centipoise) 1.33E-02 Chemical Engineers' Handbook, 5th Ed., R. H. Perry & C. H. Chiiton, p 3-211

Pak (cask cavity, psia) 1.97E+01

Par (cask cavity, atm) 1.34E+00

Pwater vow (cask cavity, psi) 2.98E+01

Pwater vapor (cask cavity, psi) 2.03E+00

p,,k (viscosity of gas mixture, centipoise) = [P.,, x UW + Pwatervapor x uwatervpor ]/ PU.N = 1.67E-02

MW~ft= (molecular weight of gas mixture, g/mole) = [Pair x MWar + Pwaer vapor X MWwater vapor I / PUN =12.24E+O1

Gaseous Fluid Leak Rate Formulas

Lu(fluid gas upstream volumetric leak rate, cmIs) = (Fc+Fm)(Pu-Pd)(PJ/Pu)

F, (cm4latm s) = 2.49E+06 x D4 /(a x u)

Fm (cm3/atm s) = (3.81 E+03 x D3 x (T / MW)° 3) / (a x Pa)

I~~
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TABLE 4.2.3-1 GASEOUS FLUID ANALYSIS & AEROSOL FLUID ANALYSIS (CONTINUED)

L,, 0f ai(ref. air leak rate, 298 K,1 atm,0.01 atm,0.0185 cP,29.0 g/mol, ref-cm3/s)

= (Fcmlf+Fm..m)(Pu.rerPd,.f)(Pre/Pu,ref)

= (Fcre+Fmnrsw)(10-00.01) x 0.5 x (1 .0+0.01)/1 .0

= (Fc,re.+Fm,re) x 0.5

Fc.,mf (cm4/atm s) = 2.49E+06 x D' /(a x 0.0185)

Fm,ref (crn4/atm s) = (3.81 E+03 x D3 x (298 / 29.0)u ) / (a x 0.5 x (1.0+0.01))

= 2.42E+04 x D6 / a

Calculation Sequence I D and Lm1r, Calculated Parameters

ratio = 1 FJD4 = F,/D* = [(FcID4) x D+Fm/D' x 0

DN(leakage hole diameter using LN value In L,, formula, cm) 4.09E-03 1.OOE+00 1.79E+07 1.52E+03 5.1 OE-03

(L, x PU)/((PU-Pd) x P.)

FCN(cmA/atm s) FM.N(cm'/atm s) 5.09E-03

LN,r.fI,(use DN value in Lurefr formula, ref-cmA/s) = 2.58E-03 4.94E-03 2.17E-04

ratio = I FJD4 = F/D3 = [(Fc/D4) x D+Fm/D' x D

DA(leakage hole diameter using LA value in L, formula, cm) 2.37E-02 1.OOE+00 1.50E+07 9.61 E+02 4.70E+00

(L. X PU)I((Pu-Pd) x P$)

FCA(cm3/atm s) FmA(cmj/atm s) 4.69E+00

LA.w w(use DA value in Lu, ir formula, ref-cm3/s) = 2.78E-00 5.53E+00 4.20E-02

LR (smaller of LN,mfar and LA. w) 2.58E-03

If LR > 0.1 or <= 10"' (see Section 6.3 of ANSI N14.5-1997)
DR(based on LR assignment, cm) = 4.09E-03

'I�- I
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TABLE 4.2.3-2 1% LIQUID FLUID ANALYSIS & LIQUID ANALYSIS

Terms and Equations Values References

Multiplier M 2.20E-01

Normal Transportation Case Rates

LN1% Squid (normal volumetric leak rate, c=4/s) = 9.84E-06 / M = 4.47E-05

Accident Transportation Case Rates

LA 1% Hquid (accident volumetric leak rate, cmn/s) = 5.84E-02 / M = 2.65E-01

Vold Space Fluid Gas Parameters

a(leak hole length, inches) 3.OOE+00

a (leakage hole length, cm) = a(inches) x 2.54(cmfinch) = 7.62E+O0

Void space fluid water

Normal Transportation Case Temperature and Pressures

Tu,N (temperature, F) 1.29E+02

TU,N (temperature, K) 3.27E+02

PUN(psia) 1.86E+01

PUN (upstream fluid pressure, atm) = Pu.N(Psia)114.7(psia/atm) = 1.27E+00

PdN(Psia) 1.47E+01
Pd,N (downstream fluid pressure, atm) = 1.OOE+00

Pa,N(average stream pressure, atm) = 0.5 x (PU,N+Pd,N) = 1.13E+00

p (viscosity of fluid in void space at TUN, centipoise) 5.4E-01 Chemical Engineers' Handbook, 5th Ed., R. H. Perry & C. H. Chilton, p 3-213

Accident Transportation Case Temperature and Pressures

TU,A (temperature, F) 2.50E+02

Tu,A (temperature, K) 3.94E+02

Pu A(psia)4.95E+01

Rev. 4
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TABLE 4.2.3-2 1% LIQUID FLUID ANALYSIS & LIQUID ANALYSIS (CONTINUED)

P.A (upstream fluid pressure, atm) = PUA(psia)/14.7(psia/atm) = 3.37E+00
PdA(psia) 1.47E+01

PdA (downstream fluid pressure, atm) = 1.00E+00
PaA(average stream pressure, atm) = 0.5*(PuA+PdA) = 2.18E+00

p (viscosity of fluid in void space at TUA, centipoise) 2.0E-01 Chemical Engineers' Handbook, 5th Ed., R. H. Perry & C. H. Chiiton, p 3-213

Liquid Fluid Leak Rate Formulas
L (liquid volumetric leak rate, cm31s) = F (Pu-Pd)

F. (cm latm s) = 2.49E+06 x D /(a x u)
D (cm) = [(L x a x u) / (2.49E+06 x (Pu - Pd)]

L.,Ierwa (ref. air leak rate, 298 K,1 atm,0.01 atm,0.0185 cP,29.0 g/mol, ref-cm-/s)
= (Fcre,+Fmre7f)(Pu.rPdw)(ParSPuref)

(Fc,ref+Fm,,,')(1.0-0.01) x 0.5 x (1.0+0.01)/1.0

= (Fc rt+Fm re) x 0.5

Fe,,,r (cm3/atm s) = 2.49E+06 x Dg /(a x 0.0185)
Fm ,e, (cml/atm s) = (3.81 E+03 x D' x (298 / 29.0)Uu) 1 (a x 0.5 x (1.0+0.01))

= 2.47E+04 x D' / a

Calculation Sequence__

D and L,,,. Calculated Parameters
DN(leakage hole diameter using L formula, cm) 4.09E-03

Fc,N(cm'latm s) Fm,N(cm'/atm s)
LNrefg(use DN value In Lurir formula, ref-m /s) = 2.57E-03 4.92E-03 2.17E-04

DA(leakage hole diameter using LA value in Lu formula, cm) 1.62E-02

FcA(cm'/atm s) F.,A(cm'/atm s)
LAm efehuse DA value in LUrfir formula, ref-cm4/s) = 6.13E-01 1.21 E+00 1.35E-02

LR (smaller of LNesal and LA ref air) 2.57E-03
If LR > 0.1 or <= 10-' (see Section 6.3 of ANSI N14.5-1997)

DR(based on LR assignment, cm) = 4.09E-03

Oaei A
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TABLE 4.2.3-3 C02 LEAK RATE FOR TESTING ANALYSIS

Terms and Equations Values Values Values Values

Gas Aerosol I % Liquid Liquid

Reference air leakage rate

LR (25 C, 1 atm, cm'/s) = 2.58E-03 2.58E-03 2.57E-03 2.57E-03

DR (25 C, 1 atm, cm3/s) = 4.09E-03 4.09E-03 4.09E-03 4.09E-03

CO2 Test Parameters and Conditions

Cask cavity air pressure before CO2 pressurization (psia) 1.47E+01 1.47E+01 1.47E+01 1.47E+01

Cask cavity CO2 pressurization (psig) 7.OOE+00 7.OOE+00 7.OOE+00 7.OOE+00

Cask cavity air + CO2 pressurization (psia) 2.17E+01 2.17E+01 2.17E+01 2.17E+01

Mmix = (molecular weight of gas mixture, g/mole) =

[PairX M.ir+ Pcc2 X MC02] / [Pair + PcO2] =
[Pair x 29.0 + PcO2 x 44.0] / [Pair + Pc02] 3.38E+01 3.38E+01 3.38E+01 3.38E+01

pmbt (viscosity of gas mixture, centipoise) =

[Pai x usk + Pc0 2 X UC0 2 ] / [Pair + Pcc2] =
[Pair X 0.0185 + Pc0O2 X 0.0150] / [Pair + P002] 1.74E-02 1.74E-02 1.74E-02 1.74E-02

a(leak hole length, inches) 3.OOE+00 3.OOE+00 3.00E+00 3.00E+00

a (leakage hole length, cm) = a(inches)x 2.54(cm/inch) = 7.62E+00 7.62E+00 7.62E+00 7.62E+00

Tktt (temperature, F) 7.70E+01 7.70E+01 7.70E+01 7.70E+01

Tt,6 t (temperature, K) 2.98E+02 2.98E+02 2.98E+02 2.98E+02

Ptest cavity (psia) 2.17E+01 2.17E+01 2.17E+01 2.17E+01

PN~t ,A,(Pu, atm) 1.48E+00 1.48E+00 1.48E+00 1.48E+00

Ptest external (psia) 1.47E+01 1.47E+01 1.47E+01 1.47E+01

Ptaem waem.. (Pd, atm) 1.00E+00 1.OOE+00 1.OOE+00 1.OOE+00

Pa,tas(test average stream pressure, atm) = 0.5x(Ptg ca*vty+Ptestaxtema1) = 1.24E+00 1.24E+00 1.24E+00 1.24E+00

Dtewt (leakage hole diameter based on Lfeaw determination, cm) 3 06Et-u03 ;s.uut-u;J 3.uot-u3 3.uor-u3

Rev. 4
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TABLE 4.2.3-3 Co2 LEAK RATE FOR TESTING ANALYSIS (CONTINUED)

Gaseous Fluid Leak Rate Formulas

Lco2t.et (CO2 test volumetric leak rate, crnls) = (Fc+Fm)(Pu-Pd)(PJPu)
Fe (cm4/atm s) = 2.49E+06 x D4 /(a x u)

Fm (cm4/atm s) = (3.81 E+03 x D' x (T / M)'- ) / (a x Pa)

Calculation Gas Aerosol 1% Liquid Liquid
402 tett Calculated Parameters

F0,N(cm/atm s) 5.3E-03 5.3E-03 5.2E-03 5.2E-03
FmN(cm'/atm s) 8.2E-05 8.2E-05 8.2E-05 8.2E-05

LCO2test(USe DR value in Lair formula, ref-cm'/s) = 2E-03 2E-03 2E-03 I 2E-03

M A. I . - . _.__ _ ~- . . .... _ _ .... ..
MUV. Q

10 t14t99
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4.2.4 Coolant Loss

Not applicable since there are no coolants involved.

4.3 Containment Requirements for The Hvyothetical Accident Condition

The following is an assessment of the package containment under the hypothetical accident
condition and is based in part on the analyses performed in Chapters 2 and 3.

4.3.1 Fission Gas Products

Not applicable.

4.3.2 Containment of Radioactive Material

4.3.2.1 Structural and Containment Integrity. The analyses for the hypothetical accident condition
contained in Chapters 2 and 3 demonstrate that a compromise of the structural and containment integrity
will not occur. Specified accident conditions, however, will result in an increase in temperature and
pressure of the container contents. These conditions and their influence on the release of radioactive
contents from the container are considered in the following section.

4.3.2.2 Containment Criterion . The 10 CFR 71, Section 51(a)(2) specifies that there be no loss or
dispersal of radioactive contents, as demonstrated to A2 per week (or, as specified in Section 5.4.2 of
ANSI N14.5-1997, 1.65E-06 x A2 per second). The radioactive contents of the cask and general SAR
leakage analysis considerations described in Section 4.2.1.2 also apply here.

As discussed in Section 4.5.1, the sources of mobile radionuclide bearing fluid media evaluated
for the hypothetical accident were:

* radionuclide gas generation from radioactive material being shipped (LA vid gas)

* power aerosol generation from radioactive material being shipped (LA aerosol),
* free standing liquid containing radioactive material shipments (LA 1% lquid ), and
* liquid radioactive material shipments (LA riquid ).

where the term in parenthesis is the corresponding fluid leakage rate (cm3/s).

As shown in section 4.5.3, the general expression for determining the permissible leak rate from
the container under the hypothetical accident condition are:

LAvoid gas = 1.65E-06 x Void I M

LA..a..so = 1.65E-06 x VVold / M

LA 1% liquid = 1.65E-06 x 0.01 x Vw I M

LA liquid = 1.65E-06 x Vw / M

Substituting in the generally representative radioactive material volume parameters (see Section 4.5.3):

LA void gas = 7.92E-01 I M

LA aerosol= 7.92E-01 IM

LA1% liquid = 5.84E-02 / M

Rev. 4 ATG Nuclear Services. LLC 4-12
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LA liquid = 5.84E+00 / M

Using the M values given in Section 4.5.4 as general indicators of the relationship between thecurie content in a radioactive material placed in the cask and the associated curie content of the mobilemedia coming from that radioactive material, the leakage rate equations become:

LA void gas = 7.92E-01 /0.35 = 2.26 cm3ls

LAaeo = 7.92E-01 /0.35 = 2.26 cm3/s

LA 1% liquid = 5.84E-02 I 0.70 = 8.34E-02 cm3/s

LAr quid = 5.84E+00 /70 = 8.34E-02 cm /s

Here again, these leakage rate values are based on the assumed radioactive materials volume of3.54E+06 cm3. As discussed in Section 4.2.3, the value of LR used to determine the leak rate testing is
LN.

4.3.3 Containment Testing Criterion

A leak test is required to verify cask containment under the hypothetical accident conditions. Theleak test procedure which will be employed will be detection of a leak using a CO2 detector. Thisprocedure is described in Section 8 of this report.

As specified in ANSI N14.5-1997 Section 6.2, the reference air leakage rate LR is the morerestrictive of the LN and LA values, calculated for the fluid. The results in Tables 4.2.3-1 and 4.2.3-2 showthat the LN values are lower than the LA values for all cases. Therefore, the LR values and CO2 testingcriteria applicable to accident conditions are those given in Section 4.2.3.

Rev. 4 ATG Nuclear Services, LLC 4-1310/14/99
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4.4 Special Requirements

This section is not applicable.

Rev. 4 ATG Nuclear Services, LLC
10/14/99
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4.5 Appendix

4.5.1 Containment Leakage Analysis Approach

The purpose of this Section is to define the containment leakage analysis approach used to
determine cask leakage testing requirements. This containment leakage analysis approach will be
applied in Section 4.5.5 in a way that enables optimizing cask usage in terms of flexibility in the
radionuclide content of the wastes that can be shipped. That analysis, covering the applicable mobile
radionuclide bearing media cases, will enable optimizing the cask usage licensing.

The regulation 10 CFR Part 71.51 requires Type B packages release rates be quantified using
specified A2 individual radionuclide values and, if needed, radionuclide mixture formulas. Section 4.5.2.2
of NUREG-1609 cites the methodology in ANSI N14.5 for determining the needed leakage rates. It also
cites NUREG/CR-6487 as a source of sample analysis information on containment evaluation. The SAR
leakage analysis evaluates a number of cases for the radionuclide source terms by drawing upon the
NUREG/CR-6487 information.

Section 4.5.2.3 of NUREG-1609 calls for the waste analyses to include, as applicable to the
proposed waste types to be shipped in the package, the mobile radionuclide bearing media:

* radioactive gases,
* liquids, and
* powder aerosols.

The following suite of analyses corresponding to the above mobile radionuclide bearing media
are examined:

* radionuclide bearing fluid leakage analysis for gas generating radioactive material,
* radionuclide bearing fluid leakage analysis for powder aerosol bearing radioactive material,
* radionuclide bearing fluid leakage analysis for liquid bearing radioactive material, and
* radionuclide bearing fluid leakage analysis for liquid radioactive material.

It is assumed, for analysis purposes, that the radionuclide bearing fluid is next to the gasket
leakage point even though liquid bearing fluids during normal transportation would not be at the top of the
cask.

The ANSI N14.5-1997 specifies the calculation sequence applicable to radionuclide leakage
analysis. Based on this sequence, the containment leakage analysis methodology used here is:

* Define starting point radionuclide content for the waste types to be shipped,
* Calculate the A2 parameter per 10 CFR Appendix A for each waste type,
* Calculate the normal release rate RN per ANSI N14.7-1997, Section 5.4 for normal transport

case,
* Calculate the normal leakage rate LN per ANSI N14.7-1997, Section 6,
* Calculate the normal leakage hole diameter DN using the leakage rate Equation B.5 from

ANSI N14.7-1997, Annex B,
* Calculate normal reference air leakage rate LR,N using the normal leakage hole diameter from

the above step and Equation B.5,
* Calculate accident release rate RA per ANSI N14.7-1997, Section 5.4 for transportation

accident case,
* Calculate accident leakage rate LA per ANSI N14.7-1997, Section 6,
* Calculate the accident leakage hole diameter DA using the leakage rate Equation B.5 from

ANSI N14.7-1997, Annex B,

Rev. 4 ATG Nuclear Services. LLC 4-15
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* Calculate accident reference air leakage rate LRA using the accident leakage hole diameter
from the above step and Equation B.5,

* Determine which is the smaller of the two reference air leakage rates: LR.N or LRA. The
smaller value is designated LR.

* Based on the calculated LR numerical values, determine the leakage test methods and
procedures per ANSI N14.7-1997 Annex A.

* Iteratively optimize the above containment leakage analysis.

The optimized LR value will provide the information needed to evaluation the acceptance and
sensitivity criterion for the testing required, per ANSI N14.7-1997, Section 7,during design, fabrication,
maintenance, periodic, and pre-shipment.

4.5.2 Containment Leakage Fluid Properties

The purpose of this section is to define the properties of the mobilizing fluids for the containment
leakage analysis in Section 4.5.5. For the various types of radionuclide materials to be shipped in the
cask, the available fluid media that could mobilize the radionuclides are air and water. The following
analysis shows that air and water vapor will dominate the fluid properties of the mobile radionuclide
bearing fluid containing radioactive gases or power aerosols from the solid or liquid radioactive material
being transported.

The cask cavity volume (Vc) is:

Vc = 142 ft3 x 2.83E+04 cm3 ft3 = 4.02E+06 cm3

For the following analysis assume the net radionuclide material volume being transported Vw (i.e., the
cask cavity volume not available to gases) is:

Vw = 125 ft3 x 2.83E+04 cm3/ft3 = 3.54E+06 cm3

The void space available to gases (Vv) is by difference:

Vv = 4.02E+06 cm3 - 3.54E+06 cm3 = 4.8E+05 cm3

Air plus any mobile radionuclide fluid media originating from the waste will occupy this void volume.

The 4.02E+06 cm3 of open space inside the cask will be occupied by air at atmospheric pressure.
A portion of this air will be displaced as the waste container is loaded. When the cask lid is closed on the
loaded waste, assuming the above waste V,, = 3.53E+06 cm3, the minimal volume not occupied by the
waste (i.e., ignoring void space within the waste form) will, by difference, be Vv = 4.8E+05 cm3. This
4.8E+05 cm of void space will be occupied by the air. Using the ideal gas law, we can calculate the
corresponding moles of air (nag,):

nair = P X Vv (R x T)
1 atm x 4.8E+05 cm3 / (82.05 cm3 atm/mole K x 298 K)

= 2.OE+01 moles

Now consider the case where the radioactive material is a solid that is a source of radionuclide gas.
Based on A2 and specific activity values from 10 CFR 71 Appendix A, one can calculate a mole quantity n
for radionuclide gases. For a gaseous radionuclide mixture with 50% of the curies being H-3 and 50%
being Kr-85 (see Section 4.5.4.1):

n (H-3) = 0.50 x 1080 Ci / (9.7E+03 Ci/g x 3 g/mole) = 1.9E-02 moles

n (Kr-85) = 0.50 x270 Ci I 3.9E+02 Ci/g = 4.1 E-03 moles

Rev. 4
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Thus, on a mole basis, air will be the dominant material with respect to the radioactive gas in the fluid and
the associated fluid rheological properties.

For the power aerosol fluid, based on an aerosol density of 9.0E-06 g/cm3 (NUREG-1609 and
NUREG/CR-6489), the mass of solid in the void space aerosol is:

g (aerosol) = 9.OE-06 g/cm3 x 4.8E+05 cm3 4.3 g

The corresponding mass of air is

9air = 2.OE+01 moles x 29.0 g/mole = 5.8E+02

On a mass basis, air will be the predominant material with respect to the powder aerosol in the fluid. This
is consistent with ANSI N1 4.5-1997, Section B.8, where, in considering the flow of aerosols, it is stated to
be acceptable to neglect the effects of the aerosol particles in the gas rheological properties.

The source of gaseous water is the ambient moisture in the air and the water in the waste. For
normal transportation conditions, per Section 3.4.4, the water vapor pressure is 2.22 psi (0.15 atm) for the
cask cavity air temperature of 129 F (54 C) yields:

n (water vapor) = P x Vv / (R x T)
= 0.15 atm x 4.81 E+05 cm3 / (82.05 cm3 atm/mole K x 327 K)
= 2.7E+00 moles

The hypothetical accident analysis in Section 3.5.4 calculates the upper bound for the water
vapor pressure in the cask. This water vapor pressure of 29.8 psi (2.0 atm) for the cask cavity air
temperature of 250 F (121 C) yields:

n (water vapor) = P x Vv / (R x T)
= 2 atm x 4.81 E+05 cm3 / (82.05 cm3 atm/mole K x 394 K)
= 3.OE+01 moles

As shown above, the air value is 2.OE+01 moles. The fluid rheological properties for the gaseous media,
for both normal and accident conditions is thus a function of the mixture of air and water vapor.

For the components of a fluid mixture that are significant, the fluid properties are determined by
the general relationships (ANSI N14.5-1997, Section B.4.3):

Mm = I[Pi x M, / Pm]
Pm = T[P1 X pi / Pm]

where

Pi = pressure of component i
Pm = total system pressure

Thus, at a given temperature T, the air plus water vapor fluid mixture molecular weight MWf (g/mole) and
viscosity pf (centipoise = cp) are determine from the relationships:

MW, (T) = Pair X MWair I Pf + Pwatervapor X MWwater / Pf
pf (T) = Pair X Pair / Pf + Pwater vapor X lPwater / Pf

Rev. 4
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Consider shipments where radioactive material involves liquid phase media. Here we will
assume water is the liquid. There are two different cases to be considered. One is the case where the
free standing liquid limits for waste specified in 10 CFR 61 .56(b)(2) apply:

* 1.0% of waste volume if the waste container is designed to ensure stability and
* 0.5% of the waste volume if the waste is stabilized.

The 1.0% water volume value would be the maximum fluid volume.

The other case is where the radioactive material itself is water. The water volume would then be
V,. The liquid fluid rheological properties for both cases would be those for water.

4.5.3 Leakage Rate Determination Methodology

The purpose of this Section is to present the calculation methodology used to evaluate the normal
and accident leakage rates for the cask. The application of this methodology to evaluating the cask
testing leakage rates is presented in Section 4.5.5.

In ANSI N14.5-1997, the leakage rate L (cm3/s) for the release of a radioactive fluid from a cask
is defined in terms of the allowable release rate R (Ci/s) for the radionuclide bearing fluid and the average
activity of the radionuclides per unit volume C (Ci/cm3) of the fluid escaping from the cask:

L (cm3/s) = R (Cis) / C (Ci/cm3)

The R (Ci/s) term is defined in 10 CFR 71.51 in terms of A2 values times a not to exceed release
limit criteria (E) for normal (N) and accident (A) conditions

R (Ci/s) = E (1/s) x A2 (Ci)

The concentration of the radionuclides in the fluid C (Ci/cm3) can be expressed as

C (Ci/cm3) = total curies in fluid / total volume of fluid = TF (Ci) / VF (cm3)

The total curies in the fluid TF (Ci) is

TF = 2[curies of radionuclide i) = Z[Ai]

where

A1 = total curies of radionuclide i

For radionuclide mixtures, an A2' value is determined using the formula given in 10 CFR 71 Appendix A

A2' = I / Z [f /A 2i]

where

f= Aj / Z[A 1] = A / TF

Substituting

A2' = 1 / E[A1 / (TF x A2i)] = TF / Z[A, / A2j] = TF / E[m1I = TF / M

Rev. 4 ATG Nuclear Services, LLC 4-18
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where

* Am / A2 i

M = Z[md = TF I A2'

Rearranging the A2' equation

TF = M x A2'

Thus, the curies for each individyal radionuclide A1 can be related to it's corresponding A2j value
(i.e., the A2 value from 10 CFR 71 Appendix A for radionuclide i)by

m= A, I A2 1

where mi is a simple multiplier. And the total curies in a fluid TF can be defined in terms of the multiplier
M times the A2 value determined for the mixture of radionuclides in the fluid A2'(Ci)

TF(Ci) = M x A2'(Ci)

Substituting into the C equation

C(Ci/cm3) = TF(Ci) 1 VF(cm3) = M x A2'(Ci) / VF(cm3)

Substituting into the L equation

L(cm3/s) = R(Ci/s) I C(Ci/cm3) = E(11s) x A2'(Ci) I [M x A2'(Ci) I VF(cm 3)] = E(1/s) x VF(cm3) I M

Thus the release rate L is a function of the 10 CFR 71.51 regulatory criteria E(1/s), fluid volume VF(cm3),
and a curie multiplication factor M.

For normal transportation conditions E(lIs) is

EN(OIS) = 1.OOE-06 per hour x 1 hour 3600 s = 2.78E-10(1s)

For hypothetical accident conditions E(l1s) is

EA(1Is) = 1.OOE+00 per week x 1 week 168 hour x 1 hour 3600 s = 1.65E-06(1/s)

and, if Kr-85 is released, is

EA(Kr-85; -1s) = 1.OOE+01 per week x I week ! 168 hour x 1 hour ! 3600 s = 1.65E-05(1/s)

The fluid volume VF(cm3) value is a function of the type of fluid escaping from the cask. For the case
where the escaping fluid is a gaseous media (e.g., an air plus radionuclide gases mixture or an aerosol)

VFgas(cm3) = volume of waste bearing cask cavity occupied by gas = void volume = V11d

If the escaping fluid is a free standing liquid(L) limited by the maximum volume of the radioactive material
by regulation (i.e., 10 CFR 61.56) to 1% of the volume of the waste

VFL(c 3) = 1% of the volume of the waste(WV) = 0.01 x V,(cm3)

Rev. 4 ATG Nuclear Services, LLC 4-19
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Based on a cask waste cavity volume of 4.02E+06 cm3 (i.e., 142 ft3 x 2.83E+04 cm3lft3), the waste
volume Vw is assumed to be

Vw =125 ft3 x 2.83E+04 cm3/ft3 = 3.54E+06 cm3

By difference, the void volume VOid is

VVod = 4.02E+06 - 3.54E+06 = 4.8E+05 cm3

Putting together the parameters gives the final leakage rate equations

LN VOi gas = 2.78E-10 x VVOId / M = 2.78E-10 x 4.8E+05 / M = 1.33E-04 / M

LN .1 = 2.78E-10 x V)OB / M = 2.78E-10 x 4.8E+05 / M = 1.33E-04 / M

LN 1% ui = 2.78E-10 x 0.01 x Vw/ M = 2.78E-10 x 0.01 x 3.54E+06 / M = 9.84E-06 I M

LN liquid = 2.78E-10 x Vw / M = 2.78E-10 x 3.54E+06 I M = 9.84E-04 / M

LA void 9s = 1.65E-06 x V1o0d / M = 1.65E-06 x 4.8E+05 / M = 7.92E-01 / M

LAaerosol = 1.65E-06 X Vvod / M = 1.65E-06 x 4.8E+05 I M = 7.92E-01 / M

LA 1% liui = 1.65E-06 x 0.01 x V / M = 1.65E-06 x 0.01 x 3.54E+06 / M = 5.84E-02 I M

LA liquid = 1.65E-06 x Vw / M = 1.65E-06 x 3.54E+06 / M = 5.84E+00 / M

As the above equations show, all the leakage rates are a function of the radioactive material volume
since, as a result of the cask cavity volume being constant, it determines the cask void volume.
Application of these equations to the cask is presented in Section 4.5.5.

4.5.4 Radionuclide Leakage Source Term Considerations

This section presents an evaluation of conceptual curie contents for gaseous, powder aerosol,
and liquid fluids. The purpose here is to gain insight into the general relationships between the curie
content in the radioactive material placed in the cask and the associated curie content of the mobile
media coming from that radioactive material. This evaluation examines radioactive material hypothetical
radionuclide mixes based on NUREG/CR-6487. These mixes do not represent known, actual, or
bounding radioactive materials for shipment in the cask. The identification of the possible suite of
radioactive constituents for radioactive materials to be shipped in the cask is given in 1.2.2.

The cask will be used to ship radioactive materials from generators (e.g., BWR, PWR, DOE, and
DOD) who deal with a diverse range of radioactive materials. The potential radioactive materials to be
shipped can not be defined a priori. The cask is intended to be useable with a wide range of possible
materials, radionuclides, radionuclide alpha, beta, and gamma emissions properties, and non-radioactive
materials that would comprise the radionuclide bearing media. Therefore the radionuclide make up of the
suite of wastes which could be potentially shipped can not be specified. However, the curie content of the
cask is limited by three regulatory evaluations. The maximum radioactivity of the combined constituents
in any waste to be shipped will be limited by the criteria in 10 CFR 71.43(g), 71.47, and 71.51. Only
radioactive material and radionuclide constituent combinations that meet these requirements will be
shipped in the cask.
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This evaluation provides a basis for relating the radioactive material curie content to the following
mobile fluid media radionuclide parameters:

* the fractional radionuclide composition of the fluid,
* the A2 values for the fluid, and
* the fluid curie concentrations (e.g., Ci/cm3).

For the radionuclide bearing mobile fluid media available for release from a radioactive material,
the suite of radionuclides and associated individual radionuclide concentrations are conservatively
estimated on the high side. This evaluation thus adopts the conservative assumption of NUREG/CR-
6487. The approach thus does not use average or typical radionuclide make up or concentrations. The
radionuclide makeup and concentrations in a fluid are taken as the same for normal and accident
conditions. This approach is conservative since it takes no credit for media integrity under normal
conditions, but instead assumes all the radioactive material mobile media curies are available in both
cases.

4.5.4.1 Radioactive Gas Source Term The NUREG/CR-6487 analysis is based on the fact that
the major originating point of radionuclides that end up in waste is nuclear reactor operations. Thus the
conservative case for the radionuclide makeup source term for the gaseous radionuclides used in this
analysis is base on nuclear reactor operation considerations. The source of gaseous radionuclides within
the reactor is breaching of the fuel rods. Examination of the radionuclide make up of gases from fuel rods
presented in NUREG/CR-6487, Table 6-6 (page 38) shows the mixture, on a curie bases, is essentially
50% Tritium (H-3) and Krypton-85 (Kr-85). Using the 10 CFR 71 Appendix A information, the effective A2
value for this mixture is 433 Ci as shown in Table 4.5.4.1-1:

TABLE 4.5.4.1-1 GAS SOURCE TERM M VALUE GUIDANCE EXAMPLE
Radionuclide make up Curie Fraction (f) A2 (Ci)* f/A2
H-3 0.50 1080 4.63E-04
Kr-85 0.50 270 1.85E-03

Sum 2.31 E-03
A 2 gasmix= 1 /Sum 4.33E+02 Ci

* As specified in 10 CFR 71 Appendix A

For the case where the radioactive material is a source of radionuclide gases, a gas release rate
from the radioactive material needs to be factored into the treatment. Assume the H-3 and Kr-85 curie
quantities generated in the cask are at 10% of their A2 values. Under this assumption, the above gas
mixture is:

Total Ci = 108 + 27 = 135 Ci
Total Ci of H-3 = 0.500 x 135 Ci = 67.5 Ci
Total Ci of Kr-85 = 0.500 x 135 Ci = 67.5 Ci

If one assumes all these curies end up in the gaseous fluid, then the gaseous source term activity
concentration (Cgas), using a cask void volume of 4.8E+05 cm3, is

Cgas = 135 Ci / 4.8E+05 cm3 = 2.81 E-04 Ci/cm3

This case corresponds to a multiplier of:

M = E[mi] = m H-3 + m K,.5 = 67.5/1080 + 67.5/270 = 0.0625 + 0.250 = 0.31
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Or, alternatively

M=TF/A2 gas mil= 135/433 = 0.31

Such a radionuclide mixture coming from a non-gaseous waste is conservative since any non-
gaseous wastes to be shipped would come from down stream of the reactor where such a mixture would
not occur.

4.5.4.2 Radioactive Powder Aerosol Source Term The package shielding capabilities, based on
the 10 CFR 71.47 and 71.51 (a)(2) external radiation standards, limit the curie content of the package.
Based on the shielding analysis in Section 4.0, we know:

* Maximum waste Co-60 content = 170 Ci
* Maximum waste Cs-137 = 5.00E+03 Ci

When considering powder aerosol fluid leakage, the Cs-137 value will yield the higher activity per
unit volume (i.e., C'M'01 (Ci/cm3)) value. For Cs-137:

A2= 13.5 Ci

Using a radioactive material volume (Vw) of 3.54E+06 cm3 and assuming the Cs-137 in the
radioactive material is homogeneously distributed, the activity per unit mass for any powder sloughing off
of the radioactive material (Cm,,) to form an aerosol is:

Cmat = 5.OOE+03 Ci 1 3.54E+06 cm3 = 1.41 E-03 Citcm3

Assuming the density of the radioactive material is 1.0 g/cm3

Cm, = 1.41 E-03 Ci/cm3/ 1.0 glCm3 = 1.41 E-03 Cig

Based on the NUREGICR-6487, Section 3.1.1 aerosol density of 9.OE-06 glCm3, we find the grams of
powder that would have to slough off to form such an aerosol are

Grams of powder = Va ,d x 9E-06 glcm3 = 4.8E+05 cm3 x 9E-06 = 4.3 grams.

The aerosol fluid total curie value TF(Cs-137)Os is thus:

TF(Cs-I 37),,,,01 = 1.41 E-03 Ci/g x 4.3 g = 6.06E-03 Ci

The multiplier M is

M = TF(Cs-137)aerosOI / A2 (Cs-137) = 6.06E-03 Ci 13.5 Ci = 4.5E-04

4.5.4.3 Radioactive Liquid Source Term As with the gas analysis, the radionuclide make up for
the water bearing wastes is based on nuclear reactor operation. Here it is assumed the volatile
radionuclide make up for the major species given in NUREG/CR-6487 Table 6-6 (page 38) applies.
These volatile elements are readily dissolved in water. Using the 10 CFR 71 Appendix A information,
the effective A2 value is 11.4 Ci as shown in Table 4.5.4.3-1.
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Table 4.5.4.3-1 LIQUID SOURCE TERM M VALUE GUIDANCE EXAMPLE
Radionuclide make up Curie Fraction (f) A2 (Ci) f/A2
Cs-134 0.22 13.5 1.63E-02
Cs-137 0.66 13.5 4.89E-02
Ru-106 0.12 5.41 2.22E-02

Sum 8.74E-02
A 1 /Sum 1.14E+01 Ci

Using the Cs-I 37 radiation shielding bounding case and associated radioactive material source
volume, the radioactive material activity concentration (CL) is

CL = 5.OOE+03 Ci / 3.54E+06 cm3 = 1.41 E-03 Ci/cm3

In preparation of a waste for disposal, the treatment of water bearing wastes involves removing
water or adding solids to bind the water into a solid phase (e.g., adding absorbents, solidification). In
terms of the distribution of the water-soluble radionuclides between the water and solid phases, the
chemical equilibrium is heavily shifted towards the binding of the radionuclides to the solid phase. For
waste containing free standing water, the assumption made here is that the concentration of a
radionuclide in the water will be less than in the solid phase. The solid phase to liquid phase binding
factor is assumed to be 10%. That is, the curie concentration in the free standing water is 10% of its
counterpart in the solid. This is conservative since the binding solids are chosen based on their ability to
shift the radionuclide content to the solid phase.

Consider the solid radioactive material containing free standing water. Waste disposal regulations
10 CFR 61.56(b) limit the free standing liquid content of a waste to 1% of the volume of the waste in a
disposal container designed to ensure stability and 0.5% of the volume of a waste processed to a stable
form. Using the more conservative 1% maximum volume of free standing water in the waste ( 4,,atr) value

V,4 t,, = 0.01 x Vw = 0.01 x 3.54E+06 cm3 = 3.54E+04 cm3

So, adjusting for the 10% curie binding factor, the total fluid curie value TFNucid is

TFoqtM = 1.41 E-03 Cicm3 x 0.1 x 3.54E+04 cm3 = 4.99E-00 Ci

The multiplier M -A d is

M 1% ." = TF~qufd / A2 "nix = 4.99E-00 J 1.14E+01 = 4.4E-01

For the case where the radioactive material itself is the liquid, the above radionuclide mixture
A2 iqudm value would apply. But the cask total curie content would depend on the quantity of

radionuclide liquid being transported. Since the leakage rate is a function of M, one can use the above
4.99 total curie information and M = 0.44 as a starting point for evaluating the shipment of liquid
radioactive materials.
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4.5.5 Leakage Rate Determination

The following analysis follows ANSI N14.5-1997 analysis as adapted to the cask. The source of
radionuclide leakage is the mobile fluid inside the cask. To achieve optimal use of the cask, the leakage
testing criteria needs to be based on the largest M values feasible for the mobile fluid. In order to
evaluate the M multiplication factors that can be used for various radioactive materials, we will evaluate
leakage rates for feasible M values based on estimated total curie contents for the mobile fluid from the
radioactive material inside the cask.

The analysis in Section 4.5.4 is one source of guidance on M values, a starting point. It should
be noted that the curie content of the radioactive material itself is always limited by the exterior dose rate
limts set by 10 CFR 71.47 and 71.51(a)(2) and temperature thermal load 71.43(g). Leakage rate testing
is a function of the cask fluid physical and radiological properties. The exterior dose rate and thermal
load resulting from the radionuclide emissions of the radioactive material in the cask cavity are a function
of the energy of the emission, waste geometry, and cask material (i.e., shielding, thermal properties)
configuration.

Using the M values determined for in the Radionuclide Leakage Source Terms (Section 4.5.4),
we can substitute into the leakage rate equations

LNvoit gaS = 1.33E-04 I M= 1.33E04 /0.31 = 4.29E-04

LN HO = 1 .33E-04 / M= 1 .33E-04 I 4.5E-04 = 2.96E-01

LN 1% Nqid = 9.84E-06 I M= 9.84E-06 10.44 = 2.24E-05

I-Niiqwid= 9.84E-04 I M = 9.84E-04 10.44 = 2.24E-03

LAVOgaS 7.92E-01 M= 7.92E-01 /0.31 = 2.55

LAOSO = 7.92E-01 M= 7.92E-01 14.5E-04 = 1.76E+03

LA1% squw = 5.84E-02 I M= 5.84E-02 /0.44 = 1.33E-01

LA"qd = 5.84E+00 / M= 5.84E-0 /0.44 = 1.33E+01

Table 4.5.5-1 gives the results for these M values.

TABLE 4.5.5-1 CO2 TESTING BASED ON RADIONUCLIDE LEAKAGE SOURCE TERM
CONSIDERATIONS M VALUES

Fluid Radionuclide Multiplier LR DR Lc02 LA
Media (CM) (cm /s) (cm)ls)

Air + water vapor Gas 3.1 E-01 9.2E-04 3.2E-03 7.6E-04 4.3E-04 2.6E+00
Air + water vapor Aerosol 4.5E-04 6.2E-01* 1.6E-02 8.5E402* 3.OE-01 1.8E+03

1%L Uquid Water 4.4E-01 1.3E-03 3.4E-03 1.1E-03 2.2E-05 1.3E-01
Uquid Water 4.4E-01 1.3-01 * 1.1E-02 8.5E-2* 2.2E-03 1.3E+01

* Per ANSI N14.5-1 997 Section 6.3.1, since the calculated LR > 0.1, the LR value used to get the CO2
testing value must be 0.1 ref-cm3/s.
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The shipping cask leak test procedure STD-P-02-034 (see attachments section) is a tracer gas
sniffer technique as specified in Table A.1 of ANSI N 14.5-1997, Annex A. The tracer gas used for testing
is CO As the procedure states, the leakage rate criterion for passing the leak test is a rate less than 7E-
04 cm /s. Based on the Table 4.5.5-1 results and this testing criterion an optimization analysis of the M
values associated with a radioactive material volume of 3.54E+04 cm; was performed. Table
4.5.5-2 gives the results. The CO2 leak testing to be used is a tracer gas method. For the C02 tracer
gas/air mixture (ANSI N14.5-1997, Annex B, Section B.13) the following relationship applies:

LC02 test = Lmeasured PmbI/PCO2

Where

LC0 2 test = net leak rate calculated for C0 2+air test gas mixture based on LN

Ld = 7E-04 cm3/s

P,= pressure of C02 +air mixture = 21.7 psig = 1.48 atm

PCO2= partial pressure of CO2 in mixture = 7 psig = 0.48 atm

So the net C02 leak rate corresponding to the measured C02 rate is:

L 00 2 test = 7E-04 x 1.48/0.48 = 2E-03 cm3/s

The L 002 bst (cm3/s) column in Table 4.5.5-2 shows the M values given in the multiplier column satisfy the
LC0 2 test = 2E-03 cm3/s criteria corresponding to the measured 7E-4 cm3/s testing criteria. The Tables
4.2.3-1 through 4.2.3-3 in Section 4.2.3 give the specifics of the calculations that yield these values.

TABLE 4.5.5-2 CO2 TESTING BASED ON OPTIMIZING THE M VALUES.
Radionuclide Multiplier L'fmIs 00)Ic2 Test L-N LA

Fluid Media M) LR(ref-cr%) DR(cm) (cm
3

1s) (cm
3 ls) (cm 3lS)

Air+ water vapor Gas 1.1E-01 2.6E-03 4.E-03 2E-03 1.2E-03 7.2E+O0
Air+ water vapor Aerosol 1.1 E-01 2.6E-03 4.1AE-03 2E-03 I1.2E-03 7.2E+00
1% Uquid Water 2.2E-01 2.6E-03 4.1AE-03 2E-03 4.5E-05 2.7E-01
Uquid Water 2.2E+01 2.6E-03 4.1AE-03 2E-03 4.5E-05 2.7E1

These M values can be used to explore one set, of a large number of sets, of radioactive material
conditions in terms of total curie content of the fluid and cask. The multiplier M is the ratio of total curies
in the fluid to the applicable A2 value. Arbitrarily assigning the A2 fluid values as 1080 Ci for radionuclide
gases, 13.5 Ci for powder aerosols, and 10 Ci for liquids gives the Table 4.5.5-3 results where the
assumed fluid to radioactive material relationships are per the Table footnotes.
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TABLE 4.5.5-3 M VALUE UTILITY EXPLORATION
Fluid Radionuclide Multiplier (cm3  Total Curies in Total Curies

Media (M) Fluid (Ci) in Cask (Ci)
Air + water Gas 1.1 E-01 2E-03 1 E+02 Unknowna
vapor
Air + water Aerosol 1.1 E-01 2E-03 2E+00 1 E+06'
vapor
1% Liquid Water 2.2E-01 2E-03 2E+00 2E+03c
Liquid Water I2.2E+01 I2E-03 I2E+02 I2E+02d

aThe total curies in the fluid are not generally tied to the total curies in the radioactive material.
bThe value is based on the grams of powder = Void x 9E-06 Y/cm = 4.8E+05 cm3 x 9E-06 = 4.3

grams and the Vw = 3.54E+06 cm3 with a density of 1 g/cm .
cThe value is based on the free standing water volume equaling 1 % of the radioactive material

volume and a net radionuclide binding factor of 10% for the solid.
For a 100% liquid radioactive material, the fluid volume is the material volume.

The above results are based on a radioactive material volume of 3.54E+06 cm3. For this set of
assumptions, the total radioactive material content is not being limited by aerosol powder considerations.
For radioactive materials involving liquids, the binding of radionuclides by solids increases the total
shippable curies from a leakage perspective.

In general, these results illustrate the utility in using M to evaluate the total fluid and radioactive
material curies in terms of the leakage testing criteria. For radionuclide fluid release from radioactive
material shipments, besides the material volume and M variables, there is another consideration. The
total fluid curie value needs to address the rate of mobile radionuclide production coupled with the total
shipment time. For example, radionuclide gas release will be a function of the radioactive decay of the
parent nuclide and the cask travel time.

4.5.6 References

1. IE Information Notice No. 84-72, "Clarification of Conditions for Waste Shipment Subject to Hydrogen
Gas Generation."

2. ANSI N14.5, "Leakage Tests on Packages for Shipment of Radioactive Materials", American National
Standards Institute, New York, 1997.

3. "Chart of the Nuclides," 13th ed., General Electric Company, GET-6504, 1983.

4. R.H. Perry & C.H. Chilton, "Chemical Engineers' Handbook", 5th ed.
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5. SHIELDING EVALUATION

5.1 Discussion

The shielding package of the 10-135 Cask consists of a cylindrical container, which is a built-up
composite structure of lead and steel. The container sides consist of an inner steel shell surrounded by a
layer of lead shielding and an exterior steel shell. The primary structural component is the exterior shell,
which is 1.0 inch thick. The inner steel liner is 0.5 inch thick and the lead shielding is 3.5 inches thick. For
the cask top and bottom, the shield limiting configuration is at locations having two layered steel plates of
3 inch thickness each. Twelve gauge (0.1 inch) steel sheet is also present on the top, side, and bottom of
the cask. The general arrangement of the cask has been described previously in Chapter 1 and is shown
sketched in Figure 1.2.1-1. In addition, details of construction are shown in Drawing No. STD-02-106. A
copy of this drawing is attached to this report. Table 5.1-1 lists the relevant shielding cavity materials and
thicknesses.

The cask shielding is treated as an infinite slab in the analysis. It should be noted that the
shielding analysis did not include any shielding from containers holding the radioactive material (e.g.,
liners or drums).

TABLE 5.1-1 SHIELDING MATERIAL AND THICKNESS
Shielding Location Steel (in.) Steel (in.) Lead (in.) Steel (in.) Steel (in.)

Top 3 3 0.1
Side 0.1 0.5 3.5 1 0.1

Bottom 0.1 3 3

Radioactive materials in liners, drums, high integrity containers, or similar packaging will be placed in the
cask cavity for shipment. The shifting of radioactive materials is prevented by appropriate shoring or
structural support inserts. The range of possible contents is listed in Section 1.2.3 of this report. It is noted
that, for an individual shipment involving the 10-135 cask, the shipper has the responsibility for verifying
that radiation readings external to the cask are in compliance with 10 CFR 71.47 and 71.51 (a)(2). The 10-
135 cask is transported on a flatbed truck (8 ft wide). The locations for the dose rate measurements
specified in the regulations for a flatbed truck are given in Table 5.1-2.

TABLE 5.1-2 DOSE RATE LOCATIONS FOR CASK ON A FLATBED TRUCK
1 1 I Regulatory Limit

Condition Distance Dose Rate Citation Top Side Bottom
(mrem/hr)

Normal Cask surface 200 71.47(b)(1) 200 200 200
Outer edge flat-bed & cask planes 200 71.47(b)(2) 200 200 200
2 m from outer flat-bed vertical 10 71.47(b)(3) NA 10 NA
plane
Normally occupied space 2 71.47(b)(4) private carrder with dosimeter

Accident m from cask surface 1000 71.51(a)(2) 1000 I 1000 1000

The geometry of the gamma ray source is assumed to be cylindrical. This cylinder has a height of 71.5
in. (181.6-cm) and a radius of 33 in. (83.4 cm). The side distances to a given dose rate measurement
point are measured from the vertical centerline of this cylinder. The end distances to a given dose rate
measurement point are measured along the cylinder length centerline from the opposite end of this
cylinder. The applicable distances, per the 10 CFR 71 citations in Table 5.1-2, used in this analysis are
given in Table 5.1-3.
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TABLE 5.1-3 MODI

Location
C~ask side surface
Flatbed vertical plane
2 m frm flatbed vertical plane
1 m from cask side surface
Cask top or bottom surface
Cask horizontal plane at top of impact limiter
I m from cask top or bottom surface

ELED CYLINDRICAL SOURCE DISTANCES
-, _ . .

Distance from Source Axes

= - - -- - .. . I
10 GMC 7 1 Criteria inrhaQ -- FI ....... I-- A I ICask surface 39.2 j 99.6
Outer edge flat-bed & cask planes 48 ] 122

_ 2 m from outer flat-bed vertical plane 128 ] 325
_1 - fa --- b- I

ii i iuri cask surface 78.2 100
78 _ .. _ __

vcl:Qr Qui 0LdlV 719.1 201
79. Oiifa m4-

S.t, S.y UX LIOWN o iJdI pl -1U1 .1
--I.. I .

257
'AnnI m Trom casK surface 1 18.1118.1 ---l

The cask shielding analysis illustrates the curie content carrying capabilities of the package. Threeradionuclides were use to evaluate the shielding: Co-60, Cs-137, and Zn-65. These radionuclides werechosen because their gamma emission energies are representative of the types of emission energiesexpected from the radionuclide materials to be shipped in the cask. Table 5.1-3 lists the dominantgamma ray emission properties for these radionuclides. The distribution of the radionuclides is taken asuniform within the cylindrical source.

TABLE 5.1-3 RADIONUCLIDE GAMMA EMISSIONS (SOURCE: MicroShield VERSION 5.01, GROVEENGINEERING, ROCKVILLE, MD)
Radionuclide Energy (MeV) Activity (photons/s)
Co600.3469 4.780E+08

0.8263 4.780E+08
1.1732 6.284E+12
1.3325 6.289E+12
2.1588 6.919E+07
_ 2.505 2.264E+05

Cs-137 (Ba-137m) 0.0315 4.711E+08
0.0318 3.729E+12
0.0322 6.867E+12
0.0363 6.881E+11
0.0364 1.332E+12
0.0367 1.676E+1 0
0.0373 4.807E+11
0.6616 1.571E+14

Zn-65 0.344 1.332E+09
0.511 1.296E+12
0.771 1.332E+09
1.1155 2.253E+13

The object of the analysis is to demonstrate the cask's capability to meet regulatory dose rate criteria.Therefore the shielding analyses were run until sufficient curies of a given radionuclide was present toreach one of the 10 CFR 71.47(b) limits. It is this dose rate limiting curie loading that is presented in theSection 5.2. In addition to gamma rays, radionuclides can have alpha and beta emissions. However, dueto the energy loss properties of alpha and beta emissions, they would be readily absorbed within the caskbody. The shielding performance of the cask is presented in the following section.
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5.2 Shielding Analysis - Normal Conditions of TransDort

It is the shipper's responsibility to verify that external radiation levels are within the allowable limits
for the cask. The external radiation is a direct function of the radiological content of the cask. To aid the
shipper in assessing permissible radiological content and to demonstrate the performance of cask
shielding, three radiological loads were evaluated using the MicroShield computer code (MicroShield,
Version 5.01, Grove Engineering, Rockville, MD). In addition, an example radiological load manual
calculation is presented that shows agreement with the MicroShield result.

A sketch of the manual calculation geometry is shown in Figure 5.2.1-1. The exposure dose rate
considered in this analysis is at one-half of the height of the container. This analysis is based on that
contained in Mathematical Theory of Radiation Dosimetry, Fitzgerald [Ref. 1].

The results of the MicroShield analysis are given in Table 5.2-1. The number of curies is largest
for Cs-137 and lowest for Co-60. The % of limit results shows the dose rate limiting condition is on the
side for Co-60, on the top or bottom for Cs-1 37, and at both locations for Zn-65. The total curie loading
for the cask will clearly be a function of the emission energies of the radionuclide mix of the material
placed in the cask. Thus the specific gamma emission properties of the radionuclide material to be
shipped will need to be evaluated by the shipper. In addition, as discussed in Section 5.4, other factors
associated with a radionuclide material to be shipped will impact the usability of the cask.
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A sketch of the manual calculation geometry is shown as Figure 5.2.1-1. The exposure dose rate
considered in this analysis is at one-half of the height of the container. This analysis is based on that
contained in Mathematical Theory of Radiation Dosimetry, Fitzgerald [Ref. 1].

The dose rate from a radioactive source may be calculated from the energy flux according to the
following relationship:

R = pa (air) IO / Pair (MeV sec.g) (1)

Where R = the dose rate (MeV/seclg)

lo = energy flux (MeV/sec.cm2)

ta (air) = linear absorption coefficient (cm '1)

Pair = density of air (g/cm3)

The energy flux at a field position P exterior to a right cylinder, with an infinite slab shield and
uniform activity distribution,
01 = 02 = 0 (see Figure 5.2.1-1) is given by:

lo = 2.96 x 109 C, E (27cR 0
2) F(6, b2) / (a + Z) (2)

6
where F (0, b) = | e b'Sec dc

0

The values for the function are given in Reference 1, Figure 5.14B, page 298.

b2 = effective total attenuation
= b +Z

b = attenuation from the cask boundary to the point of interest, P
= scattering coefficient of radioactive material

Z = effective self absorption distance (Z is a function of R.,
a and b. It is solved empirically in Reference 1, Figures 5.26 B and C,
pages 323 and 324.)

R= radius of the cylinder = 33 in. x 2.54 cm/in. = 84 cm
a = distance from the cylinder edge to the point of interest, P = a = 200 cm(distance of 2 m) + 13

cm (thickness of cask wall) = 213 cm
E = total energy of the radiation
C= specific activity of radiation

The first step in the solution is to solve for Z:

Z = Z(RO, a, b)

b = FL (i) xi (3)

where g (i) = linear attenuation in material i (cm-')
xi = thickness of material i (cm)

Key. 4 ATG Nuclear Services, LLC 5-5
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For the 10-135 cask, a combination of steel and lead is used in the side walls. This combination of
materials may be related to an equivalent lead thickness:

XPb = 1.70 in. steel + 3.50 in. lead = 4.30 in. lead equivalence x 2.54 cm/in. = 10.9 cm lead

[From Reference 2, Figure 7.3, page 223.]

The 2 meter distance between the exterior cask wall and the point P is occupied by air:

Xair = 2 m = 200 cm

rwv. � AIG Nuclear Services, LLC
0/v. 14

10/14/99
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J

FIGURE 5.2.1-1 Sketch showing a radiation source modeled as a cylindrical source and shieldingmodeled as an infinite slab.
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The relationship between the linear and mass attenuation coefficients for material is given
by the following expression:

IlI W= g, (i) pi (4)

where 1t '(i) = mass attenuation coefficient of materiali
(cm2 Ig)

pi = density of material i (g/cm3)

The gamma energy of Co-60 is approximately 1.5 MeV. Hence 'is evaluated at
this energy:

tt '(air) = 0.0518 cm2/g Pair = 1.293 x 10-3 g/cm3  j (air) = 6.70 x 10- 5cm-'

a '(air) = 0.0255 cm2/g ii a(air) = 3.30 x 10-5cm-1

1t (H20) = 0.0575 cm2/g PH20 = 1.00 g/cm3 j (H20) = 5.75 x 10 2cm-'

t a (H20) = 0.0283 cm2 /g a (H20) = 2.83 x 10-2 cm-1

g'(Pb) = 0.0517 cm2/g PPb = 11.35 g/cm3 n (Pb) = 5.87 x 10-1 cm-'

[From Reference 3, Tables 5.1 and 5.4, pages 122-124, 126.]

p re = 0.83 g/cm3

[From Reference 4, Section 4.13.]

Therefore, (3) can be solved as follows:

b=p(Pb)xPb+ g (air)x air

= (5.87 x 10-1) (10.9) + (6.70 x 10-5) (200)

=6.5

To find Z, the number of mean free path lengths between the cylinder center and point P, one must
determine:

p. (resin) (a + RO)

(resin) has been approximated by using p ', (H20):

p. '. (resin) =_ g ' (H2 0)

p'. (H20) p='(H 20)-pia'(H20)

= 0.0575 - 0.0283

= 0.0292 cm2/g

Rev. 4 ATG Nuclear Services. LLC 5-8
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and using equation (4)

-t (resin) = (0.0292) (0.83)

= 0.0242 cm-'

Therefore,

1 . (resin) (a + R.) = (0.0242) (213 + 84)
=7.2

a/R0 = 2.5

From Reference 1, Figure 5.26 B, m = 1.18 where m is a variable used in determining Z.

From Reference 1, Figure 5.26 C, for b = 6.5 and a/R, = 2.5:

(I/m)i (resin) (Z) = 1.15

Z = (1.15) (1.18) (.0242)
= 56.1 cm

To evaluate the function F (0,b2), b2 and 6 must be determined. As stated previously:

b2 =b+ tLt(resin)Z
= 6.5 + (.0242)(56.1)
= 7.9

From basic principles of geometry:

0 = tan1'[h/(2)(a + Z)]
= tan'1[183/ (2) (213 + 56)]
= 19°

From Reference 1, Figure 5.14 B:

F (19°, 7.9) = 1.0 x 104

For Co-60, E = E, + E2 (two gammas emitted per disintegration)

E= 1.17+ 1.33=2.5MeV

From Reference 5, page 26.

Also Cv = CN, where:

C = total activity in Curies

V = volume of the cylindrical source (i.e, waste)

= 125 ft3

= 3.5 x 106 cm3

DAY - Ad -
IeY. 4
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Therefore, the desired relationship for 1l = lo(C) is evaluated as follows:

1 = 2.96 x 109 (C/3.5 x 106) (2.5) (2 xX x 842) (1.0 x 104) /(213 + 56) (5)
= 34.8(C) MeV/sec cm2

= 1.25 x 105(C) MeV/hr cm2

Combining (1) and (5) and knowing the values for g a' (air) and lo determined previously, the following
expression is developed:

R = p'a (air) IO
= (.0255) (1.25 x 105)(C)
= 3.19 x 103(C) MeV/hr g

One Roentgen is equal to 5.43 x 107 MeV/g. Therefore, the expression for R becomes:

R = 5.87 x 10-5(C) R/hr

For a limiting exposure dose rate of 10 mR/hr at 2 meters, the maximum Curie load of the cask for Co-60
alone would be:

C = (10 x 10-3) / (5.87x10-5)
= 1.7x102 Ci

Therefore, a loading of 170 Ci of Co-60 will produce a 10 mR/hr field at 2 meters from the cask.
This result agrees with the Micro Shield analysis for Co-60.

5.3 Shielding Analysis - Hypothetical Accident Conditions

The analyses presented in Chapters 2, 3 and 4 and in the Appendix to this Chapter (Section
5.5.1) demonstrate that the integrity of the cask will not be compromised under either the Normal
Conditions of Transport specified in 10 CFR 71.71, or the Hypothetical Accident Conditions specified in
71.73. As a result, the cask shielding, which is integral to the structure of the cask, will not be affected.
Specifically, the analyses in Chapters 2 and 4 demonstrate that the structural and containment integrity of
the cask will not be affected under the conditions specified in 10 CFR 71.73. The thermal evaluation in
Chapter 3 has proven that the temperatures generated under the conditions specified in 10 CFR 71.73
(c)(3), "Thermal", are not sufficient to cause melting or slumping of the shielding lead which melts at
6200F (Refer to Table 3.5.6-1).

In Section 5.5.1, potential slump of the lead during the hypothetical 30 ft. bottom drop is
considered. The analysis shows that the traction forces generated in the interference fit between the
poured lead and the inner steel shell are greater by a factor of four than the deceleration forces generated
during impact on the cask bottom. As a result, the lead will not slump during the impact. Thus, the results
of the shielding analysis in Section 5.2, based upon the Normal Conditions of Transport, are directly
applicable to the cask under Hypothetical Accident Conditions.

Rev. 4 ATG Nuclear Services. LLC 5-10
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5.4 Other Considerations

The maximum Curie contents of Co-60, Cs-1 37, and Zn-65 placed into the 10-1 35 cask are
calculated in the preceding section. The shipper, however, must consider other factors which can affect
the amount of radioactivity which may be placed into the cask, i.e., radionuclide bearing material form,
mixtures of radionuclides, and decay heat generation.

5.4.1 Radionuclide Bearing Material Form

In general, higher density material forms will provide greater self shielding and allow greater
amounts of activity to be placed into the cask without exceeding radiation limits on the outside of the
cask. For example, cement solidified wastes with a density of 90-150 lb/ft3, will provide greater self
shielding than the dewatered ion exchange resins, with a density of 50-52 lb/ft3. Radiation dose rates
would be a factor of approximately twq to three less in cement for a given amount of activity.

5.4.2 Mixtures of Radionuclides

Waste shipments from power stations are generally a mixture of nuclides rather than a single
specific isotope. While a single nuclide such as Co-60 or Cs-1 37 may predominate, the dose from all the
various nuclides contained in the waste must be considered prior to loading the cask to ensure that cask
shielding and other limits are not exceeded.

5.4.3 Decay Heat Generation

For the heat transfer calculations presented in Chapter 2, a normal decay heat generation rate of
400 watts was used as a basis for analysis. The user of the cask must ensure that the 400 watt value is
not exceeded during shipment. The calculations for decay heat from Co-60 and Cs-1 37, indicate that
decay heat will be a significant factor for Cs-1 37, relative to the dose rate limitations external to the cask.
Cask loadings for cesium are limited by decay to 5.8 x 10 4 Ci, which is lower than the 5,000 Ci calculated
in the shielding analysis in Section 5.2. Co-60 loadings, however, are limited to a maximum of 170 Ci due
to dose rate limits.

Rev. 4 ATG Nuclear Services. LLC 5-11
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5.5 Appendix

5.5.1 Lead Slump Analysis

To consider the possibility that the lead shielding may slump during the hypothetical 30 ft. drop
tests, the force on the lead were analyzed for the 30 ft. bottom drop. The bottom drop is the worst case
for lead slump or deformation, since the shield would receive the greatest axial stress in this
configuration.

During cask fabrication, the molten lead is poured into the cask wall where it cools and solidifies.
As the lead cools, it shrinks onto the surface of the inner steel shell, adhering to the steel by filling the
asperities of the steel surface. This adherence creates a traction force (Ft) during impact in a direction
opposite to the inertial force of the lead shield:

Ft = (Sy/2) (ir D t)

where:

D = inner diameter of lead shield

= outer diameter of cask inner shell

i = length of lead shield

Sy = yield strength of chemical lead

= 1900 psi (Ref. 6)

This is the force required to initiate yielding (in shear) of the lead from the wall of the cask inner
shell. The shear stress is 1/2 of the yield strength (Sy) in accordance with maximum shear stress theory.

Substituting into the equation:

Ft = (0.5) (1900 lb /in2) (t) (67 in.) (75 in.)

= 14,947,180 lb.

The inertial force due to the deceleration of the lead shield is as follows:

Fi = Wg

where:

W = lead shield weight = 23,900 lb. (Sec. 2.3)

G = maximum deceleration during bottom drop

= 151.8 g (Section 2.7.1.1)

substituting:

Fi = 23,900 lb. (151.8)

= 3,628,020 lb.

Rev. 4
10/14/99
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Since the inertial force Fi is less than the traction force, the lead bonded to the cask inner shell will not
yield. Therefore slumping, or deflection of the lead shield will not occur. Adding conservatism to this
analysis, is the choice of the yield strength in static tension as a criteria for failure. Lead is highly
strain-rate sensitive, therefore the stress required to produce yielding would be greater under the impact
conditions, in which the strain rate would be correspondingly higher than during a static tension test.

5.5.2 References

1. Mathematical Theory of Radiation Dosimetry, J. Fitzgerald, Gordon and Breach, 1967.

2. L.B. Shappert, et al., "A Guide for the Design, Fabrication and Operation of Shipping Casks for
Nuclear Applications," ORNL-NSIC-68, Oak Ridge National Laboratory, February, 1970.

3. The Health Physics and Radioloqical Health Handbook, Schleien et al., editors, Nuclear Lectern
Associates, 1984.

4. "10 CFR 61 Waste Classification Program - Davis Besse Nuclear Power Station", J. Stewart
Bland Consultants, Annapolis, Maryland, 1987.

5. "Chart of the Nuclides", 13th Ed., General Electric Company, GET-6504, 1983.

6. "Perry's Chemical Engineers' Handbook", McGraw-Hill, 5th Ed., 1973.
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6. CRITICALITY EVALUATION

Fissile materials to be contained in the 10-135 cask are limited to the amounts as exempted under
10 CFR 71.53. As a result, criticality evaluation is not applicable forthe 10-135 cask.

Rev. 4 ATG Nuclear Services, LLC 6-1
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7. OPERATING PROCEDURES

This chapter of the report describes the operating procedures to be used in the preparation for and
performance of loading and unloading the 10-135 cask. The procedures have been developed to ensure
that occupational radiation exposures are maintained as low as reasonably achievable as required by
paragraph 20.1 (c) of 10 CFR Part 20, "Standards for Protection Against Radiation." The operating
procedures for the 10-135 cask are included in STD-P-02-035 "Operating Procedure for Loading and
Unloading the ATG (formerly SEG) 10-135 Type B Shipping Cask. This procedure is provided as an
attachment to this report. Prior to shipment of type B quantities of radioactive materials, which are not an
exclusive use shipment classified as low specific activity (LSA), a leak test in accordance with
STD-P-02-034, "10-135 Shipping Cask Leak Test, shall be performed to verify proper assembly of the
cask. The package shall be leak tested to the equivalent of 2x1 03 cm3/sec with a sensitivity of the leak
test being I x 10- cm3/sec.

Shoring may be used to secure the radioactive material container from shifting. Use of steel inserts
may be employed to shield and provide shoring to the radioactive container. In no case shall the 10,000
lbs. maximum payload for the cask be exceeded.

7.1 Procedures for Loading the Cask

Section 6.1.1 of STD-P-02-035 specifies the radiation surveys and inspections to be performed on
the 10-135 cask. These surveys and inspections are specified to ensure that the package is not damaged
and that surface contamination levels are within the allowable limits of the regulations. Upon receipt of the
cask, the following inspections and survey must be performed.

(a) Radiation and external contamination surveys on both the cask and vehicle.

(b) Inspection of tiedown lugs and shackles on cask and trailer for cracks and wear.

(c) Inspection of tiedown ratchets/turnbuckles to verify proper working condition.

(d) Verification that impact limiter and secondary lid lifting lug covers are present.

After removal of the upper impact limiter, the following are performed:

(e) Inspection of the primary lid test portal plug for the presence of thread
sealant.

(f) Inspection of the primary lid holddown nuts to verify that all of the nuts are present and
undamaged.

After removal of the cask primary lid, the following are performed:

(g) Inspection of the primary lid holddown studs for damage.

(h) Inspection of the primary lid gasket for cracks of tears which would affect proper sealing.

(i) Inspection of the cask interior for standing water. Water must be removed prior to shipment.

(j) Inspection of the cask for obstructions to loading.

(k) Inspection of the cask interior for defects which might affect the cask integrity.

(I) Inspection of the secondary lid holddown nuts to ensure that all are present and not
damaged.

Rev. 4 ATG Nuclear Services, LLC 7-1
10/14199



Safety Analysis Report for the 10-1 35 Radwaste Shipping Cask STD-R-02-01 9

If the secondary lid is to be removed for loading or if the secondary lid security seal has been broken or is
not installed, the following must be performed:

(m) Inspection of the secondary lid outer and inner gaskets for cracks, nicks or tears which
would affect proper sealing.

After removal of the secondary lid from the primary cask lid, the following must be performed:

(n) Inspection of the secondary lid holddown studs for damage.

(o) Inspection of the two secondary lid gaskets for cracks or tears which would affect proper
sealing.

Procedures for replacing damaged studs or gaskets are provided in STD-P-02-036.

7.1.1 Loading Instructions

The instructions for loading the cask are provided in Section 6.3 of STD-P-02-035. The cask may
be loaded with waste contained in either a liner or ten 55-gallon drums. Pallets are used to facilitate the
loading of drums into the cask. The loading procedure is summarized below:

(a) The raincover, if so equipped, is removed.

(b) The upper impact limiter is removed.

(c) The primary lid is removed from the cask.

(d) Ten drums (on pallets) or a liner is loaded into the cask. Five drums may be placed on each
pallet.

(e) Shoring, if necessary, is installed to secure the liner in position.

(f) The primary lid is installed. Detailed instructions are provided to ensure proper positioning,
minimize the potential for damage to the cask or sealing surfaces and for installing the stud
nuts in a uniform torquing sequence. A wire security seal is then installed through the hole
in one of the primary lid studs.

(g) If removed, the secondary lid is installed. As with the primary lid, detailed instructions are
provided ensure proper installation and a security wire is installed as the final installation
step.

Throughout the loading procedure, special precautions are noted to minimize the spread of
radioactive contamination and damage to the cask equipment. The requirements for coating threads with
antiseize compound and torquing fasteners are stated in the procedure.

Users of the cask must be registered as users in accordance with 10 CFR Part 71 and 10 CFR Part
49 and are responsible for operating the cask under quality assurance program approved by the USNRC.
The users are responsible for ensuring that the radioactive material shipments comply with all of the
applicable requirements of the Department of Transportation, the USNRC and disposal site regulations.
Specifically, users of the cask are responsible for complying with the requirements of 10 CFR Part 71.47
and paragraph 71.87(i)(1) and (2), which specify limits of radiation and external non-fixed contamination,
prior to release of the package.

Rev. 4 ATG Nuclear Services, LLC 7-2
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7.2 Procedures for Unloading the Cask

In unloading the cask, the same steps are described in Section 7.1 of this report must be
performed, i.e., radiation and contamination surveys, removal of raincover, upper impact limiter and
primary lid, etc., in addition to removing the load contained in the cask.

Since the cask will not contain waste with fissile material in excess of the amounts exempted under
10 CFR 71.53, fission gases will not be generated and are not considered. Contaminated coolant
materials are not considered as a coolant is not used with the 10-135 cask.

Decontamination of the cask may be performed if necessary with conventional decontamination
procedures. The cask is internally lined with polished stainless steel to facilitate decontamination
processes.

As required by 10 CFR 71.89, consignees who will open and unload the cask must be registered
users of the cask. ATG (formerly SEG) will provide all users with controlled procedures and other
documentation necessary to open the cask safely. The consignee (user) must ensure that the appropriate
documentation is available prior to opening the cask.

7.3 Preparation of the Empty Package for Transport

The same procedures for preparing a loaded cask for shipment apply to the preparation of empty
packages. Users of the cask are responsible for complying with the requirements of paragraphs
71 .87(i)(1) and (2), which specify limits for external non-fixed contamination, prior to release of the
package.

7.4 Appendix

The detailed operating procedures for loading and unloading the 10-135 cask are contained in
STD-P-02-035. Refer to this procedure, which is provided as an attachment to this report.

Rev. 4 ATG Nuclear Services. LLC 7-3
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8. ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

This chapter of the report describes the acceptance testing and the maintenance program to be
used on the 10-135 cask, in compliance with Subpart G of 10 CFR 71.

8.1 Acceptance Tests

The 10-135 cask is inspected and tested by qualified personnel in accordance with approved
procedures prior to being released for service. Inspection and acceptance requirements for welds include
visual inspection, magnetic particle, penetrant examination or radiographic examination. All complete
shipping casks are inspected for correct dimensions and surface finish conditions. The following sections
describe the inspections and tests to be performed.

8.1.1 Visual Inspection

Visual inspection according to ASME Section V is performed on all welds which are in final finished
form. Personnel conducting visual weld inspections are qualified inspectors. A dimensional check will be
performed to verify conformance with Drawing STD-02-106 prior to acceptance.

8.1.2 Nondestructive Examination

As required on the engineering drawings attached to this report, penetrant examination (PT) and
magnetic particle examination (MT) of welds and weld areas are completed on finished welds.
Examination personnel are qualified and certified in accordance with ASNT SNT-TCIA. Acceptance
criteria are as specified in Section III of the ASME Code.

8.1.3 Leak Test

Completed and assembled casks are leak tested using CO2 as the test medium. The leak testing
procedure is specified in STD-P-02-034, "1 0-1 35 Shipping Cask Leak Test." This procedure is included
as an attachment to this report. The leak test sensitivity analysis is provided in the Appendix, Section 8.3.

8.1.4 Tests for Shielding Integrity

The shielding is tested by gamma scan test performed prior to the attachment of linings and impact
limiters to verify the absence of voids and proper shielding thickness. The gamma scan testing procedure
is performed in accordance with STD-P-02-037, "Gamma Scanning of Lead Shielding for ATG Type
Casks", attached to this report

8.2 Maintenance Program

This section describes the maintenance program required to ensure continued performance of the
10-1 35 cask. The maintenance program, which is provided in STD-P-02-034, -035, and -036 includes
periodic inspection, testing and gasket replacement schedules as well as criteria for replacement and
repair.

8.2.1 Inspection

Inspections must be performed on cask gaskets, stud bolts and nuts, turnbuckles, and other critical
components prior to each shipment. The inspection requirements are discussed in Chapter 7 and
presented in detail in STD-P-02-035, "Operating Procedure for Loading and Unloading the 10-135 Type B
Shipping Cask". This procedure is provided as an attachment to this report.

Rev. 4 ATG Nuclear Services, LLC 8-1
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8.2.2 Gasket Replacement

Primary and secondary lid gaskets must be replaced whenever a defect such as a nick, fray or cut
occurs which could adversely affect the containment integrity of the cask.

As a minimum, the primary and secondary lid gaskets must be replaced every year, as specified in
STD-P-02-036, "ATG (formerly SEG) 10-135 Type B Cask Maintenance". This procedure, which is
provided as an attachment to this report, provides the instructions for performing and documenting the
gasket replacement.

8.2.3 Leak Tests

In accordance with ANSI N14.5-1997 Section 7, cask compliance with Type B package containment
boundary requirements shall be demonstrated by the testing given in Table 1 of that reference. As
specified in the procedure STD-P-02-034 (attached to this report), the criteria called for in the table
applicable to the cask is the CO2 Tracer Gas 7E-04 cm3/s limit criteria for the leakage rate. This criterion
will be applied to design, fabrication, maintenance, periodic, and pre-shipment. Table 8.2.3-1 contains the
ANSI N14.5-1997, Section 7, Table 1 information with the testing criteria specified. The testing
sensitivities specified in the table are based on ANSI N14.5-1997 Section 8.4.

Based on ANSI N14.5-1997 Section B.14, the sensitivity for the maximum permissible leakage rate L of a
tracer fluid is:

S<4 /2 = LR connected for the C02 tracer gas partial pressure testing = LCo2 test

Design, fabrication, maintenance, periodic testing sensitivity = Lco2 test / 2 = 2E-03 cm3Is / 2 = 1 E-03 cm3/s

For pre-shipment the criterion is:

Pre-shipment testing sensitivity = 1 E-03 cm3/s

In terms of the measured CO2 limit of 7E-04 cm3/s, the above I E-03 cm3/s sensitivity(s) is:

S = Smeasred Pmix/PC02

1 E-03 cm3/s = Sl,,,u,.d 1.48 atm/0.48 atm

Smeasred = 3E-04 cm3/s

Thus the criteria in Table 8.2.3-1 is 7E-04 cn 3 /s at a sensitivity of 3E-04 cm3/s.

Rev. 4 ATG Nuclear Services, LLC 8-2
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TABLE 8.2.3-1 - CONTAINMENT BOUNDARY TEST REQUIREMENTS

TEST PURPOSE FREQUENCY COMPONENTS CRITERIA
To verify that the
containment system Containment boundary 7E-04 cm3/s at a

DESIGN (7.2) design is adequate During design welds, seals, closures, sensitivity of
[if applicable] to achieve the evaluation valves, rupture disks, SE, cm3 s

desired level of etc.
containment

Entire containment
boundary including
welds, seals, closures,

F C each packaging, as Prior to first use tc. (ompents sk
(73)CAION fabricated, provides of each ec.(ompoentn

. the required level on packaging inaccessible welds
containment iacsil edmay be tested during

the fabrication
process)

To confirm that After 7E-04 cm3/s at a
mantnnc, eaimaintenance, That portion of the sensitivity of

MAINTENANCE or replacement of repair (such as containment system 3E-04 cm3/s(74)ENNCE components has not weld repair), or affected by the
(7.4) degraded the replacement of maintenance, repair,

containment system components of a or component
pefomacecontainment replacementperformance system

To confirm that the
containment Within 12 months Containment boundary
capabilities have not each loursPERIODIC (7.5) deterioratedover an prior to each svalves, rupture disks,
extended period of shipment etc.
use

To confirm that the Before each

PRESHIPMENT containmenty sytm the contents are Seals and valves that sen0 ct ls ty af(7.6) Is properly f loaded and the have been opened sensitivity of

(ssembed package Isshipment closed

8.2.4 Shielding

The steel and lead which provide shielding for the cask are not expected to degrade over the life of
the cask, thus a routine maintenance schedule is not required for the shielding.

8.2.5 Thermal

The stainless steel thermal shield is not expected to degrade over the life of the cask, thus a
routine maintenance schedule is not required for the thermal shield.
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8.3 Appendix

8.3.1 References

1. ANSI N14.5-1997, American National Standard for Leakage Rates on Packages for Shipment of
Radioactive Materials", American National Standards Institute, New York, 1997.

I
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9. QUALITY ASSURANCE REQUIREMENTS

9.1 Discussion

The quality assurance (QA) requirements for ensuring the safety of the 10-135 package are addressed in
this chapter. The requirements address the QA methodology and applicable areas of package design,
purchasing, fabrication, handling, shipping, storage, cleaning, assembly, inspection, testing, operation,
maintenance, repair and component modification.

Activities associated with the 10-135 package design, fabrication, assembly, testing maintenance, repair,
modification and use follow the ATG Nuclear Services Quality Assurance Program approved by the
Nuclear Regulatory Commission under Docket No. 71-0870 on February 10, 1999. ATG Nuclear
Services Quality Assurance Program satisfies the intent of 10 CFR 71, Subpart H.

9.2 References

1. ATG Nuclear Services Quality Assurance Manual, Revision 1, Dated 2/4/99

2. NRC Quality Assurance Program Approval, Docket No. 71-0870, dated 2/10/99
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10. ATTACHMENTS

1. STD-02-106; 10-135 Cask Assembly Drawing

2. STD-P-02-034; 10-135 Shipping Cask Leak Test Procedure

3. STD-P-02-035; Operating Procedure for Loading and Unloading the 10-135 Type B Shipping Cask

4. STD-P-02-036; 10-135 Type B Cask Maintenance

5. STD-P-02-037; Gamma Scanning of Lead Shielding for ATG Casks
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10-135 Shipping Cask Leak Test Procedure STD-P-02-034
10-1 35 ShiDpin�I Cask Leak Test Procedure STD-P-02-034

Purpose and Scope
This procedure provides methods and requirements for the verification of seal integrity
on the 10-1 35 shipping package.

Tests in this procedure are to be performed as part of in-service and/or annual
maintenance testing, and prior to shipment of type B quantities of radioactive materials
which are not classified as Low Specific Activity (LSA). A cask seal integrity test is
required upon completion of the annual gasket replacement. Interim individual gasket
replacement (i.e., non-annual gasket replacement) only requires that replaced gasket
sealing interface be leak tested. In addition to the above conditions, the package shall
be leak tested prior to its first use, and within 12 months of the last leak test.

Tests shall be performed as required by 10 CFR 71 and specific sections of U.S.
Nuclear Regulatory Commission (NRC) Certificate of Compliance No. 9210, as
amended.

Leak detector testing shall be performed in accordance with Section 2.

References
1. Operating Procedure for Loading and Unloading the 10-1 35 Type B Shipping

Cask, ATG Procedure No. STD-P-02-035

2. 10-135 Type B Cask Maintenance, ATG Procedure No. STD-P-02-036

3. U.S. Nuclear Regulatory Commission Certificate of Compliance USA/9210.

4. Procedure CNB/QA 9.1, "Control of Special Processes'

5. Procedure CNB/QA-12.1, 'Control of Measuring and Test Equipment"

6. Procedure CNB/QA-15.1, "Nonconformance Reporting"

7. Procedure CNB/QA-17.1, "Quality Records Management"

Definitions
Not applicable.

Responsibilities
Cask Maintenance Technician
Responsible for performing leak testing in accordance with this procedure. Only
personnel that are qualified in accordance with Reference 4 shall perform leak tests.

Rev. 2,
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10-135 Shipping Cask Leak Test Procedure STD-P02-034
10-1 35 ShiDDina Cask Leak Test Procedure STD-P-02-034

Safety and Environmental Precautions
Extreme caution must be used when handling, valving, or performing other activities
involving a pressurized cylinder due to extremely high pressure contained in bottle.

Note: Carbon dioxide (CO2) is utilized to provide tracer gas and pressurization for seal
integrity test.

Care must be taken to ensure sufficient ventilation when working with C02. C02 can
displace oxygen in a confined space causing injury or death.

Due to the potential for contamination, as low as reasonably achievable (ALARA)
considerations shall be taken during all phases of this leak test.

Prerequisites
ALARA considerations shall be taken during all phases of this leak test (>200 mR/hr on
contact are possible in upper cask areas).

Exterior cask surfaces shall be clean and free of excessive levels of contaminants, such
as cleaning agents and/or decontamination solutions, that might affect test results (i.e.,
produce false leak detections).

The area in which the test is performed shall be well ventilated and free of airborne
contaminants, such as smoke, vehicle exhaust, and other vapors or gases that tend to
affect the reading obtained with the leak detector.

Environmental conditions: Between -200 and 130° F.

Contents of cask shall be vented. A solidified liner must have cooled before performing
cask leak test.

Cask shall be fully assembled in shipping configuration except that upper impact limiter
must be removed if access to cask vent port is required. Record tool number of torque
wrench utilized to assemble cask to shipping configuration on Enclosure 1.

Operating instruction for the leak detector, Enclosures 2 and 3, shall be read and fully
understood prior to performing procedure.

Test Equipment

The following test equipment are required for seal integrity test:

1. Leak detector, EPD Technology Corporation Multi-Purpose Leak Detector
Model EPD-B4 or equivalent

2. Pipe thread sealant

Rev. 2,
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10-135 Shipping Cask Leak Test Procedure STD-P-02-34
10-1 35 Shipping Cask Leak Test Procedure STD-P-02-o34

3. Vent port wrench

Note: CO2 is utilized to provide tracer gas and pressurization for seal
integrity test

4. Tracer gas source, CO2 (approximately 8 lb.)

5. Pressure indicator, 0-15 psig

6. Pressure relief valve, set at 10 psig ± 1 psig (optional)

7. Leak test header (See Figure 1)

8. AA Alkaline batteries, four

9. Headphones (optional)

Note: Measuring and Test Equipment (M & TE) utilized shall be in
accordance with Reference 5.

Procedure

1. Test Setup

1.1. Ensure CO2 container has an appropriate isolation valve and fitting to
interface with cask leak test rig and hose.

1.2. Inspect leak detector, probe tips, and batteries to ensure good working
condition.

Note: Appearance of battery symbol on leak detector liquid crystal display
(LCD) indicates low battery power.

1.3. If the leak detector battery low indication (reference Enclosure 3) is
illuminated, replace the battery and note battery replacement on
Enclosure 1.

1.4. Ensure leak test detector has been calibrated within 12 months of date to
perform leak detection and record Cal. Date and Cal. Due Date on
Enclosure 1.

Rev. 2,
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104135 Shlioping Cask Leak Test Procedure STD-P42-034
10-1 35 ShiDolna Cask Leak Test Procedure STD-P-02-034

Figure 1
TEST RIG CONFIGURATION (TYPICAL)

AET/
TEsT PORT

Note: The pressure indicator is used to monitor containment cavity
pressure.

The pressure relief valve (optional) incorporated in leak test header
has been pressure tested at 1.0 psig and has a tamper resistant
seal attached to ensure that adjustment has not been made.

1.5. Fabricate or procure a leak test header similar to Figure 1.

1.6. Record Equipment Number, Equipment Calibration Date, and Calibration
Due Date of remaining test equipment on Enclosure 1.

WARNING

Proper radiological precautions shall be followed to prevent airborne
contamination.

ALARA considerations shall be taken during all phases of this leak test.

1.7. Remove cask vent test port plug and connect leak test adaptor to cask
vent port.

WARNING

Extreme caution must be used when handling, valving, or performing
other activities involving a pressurized cylinder due to extremely high
pressure contained in bottle.

1.8. Ensure CO2 cylinder is properly valved off.

Rev. 2,
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10-135 Shipping Cask Leak Test Procedure STD-P-02-034
10-135 Shipping Cask Leak Test Procedure STD-P-02-034

1.9. Attach CO2 source to leak test header.

2. Leak Testing
WARNING

It is recommended that people who suffer from epilepsy should not use
instruments with headphones on. Low frequency blips may affect epileptics.

Note: Enclosures 2 and 3 contain information pertinent to setup of leak
detector.

2.1. Set up leak detector as follows:

2.1.1. Verify ambient temperature is between 32 and 130° F.

2.1.2. Power up detector.

2.1.3. Set detector to Group II.

2.1.4. Set detector to auto ranging.

2.1.5. Set units selector to ml/sec.

2.1.6. Set background zero.

2.1.7. Set for peak hold.

2.1.8. Remove nozzle.

2.1.9. Press nozzle button to the ON position indicating the nozzle is
removed.

Notes: The detector will emit a rhythmic audible signal. Any
detectable leakage will cause an increase in frequency of
these signals. Increase in these signals is an indication
of a leak.

The probe should not be moved at a rate greater than 2
% ft/mim. (1/2 in.Isec.).

When leak testing in areas with background noise, the
use of headphones is recommended.

Operator must be very careful not to foul or plug tip of
leak detector with dirt or other debris as leak detector's
sensitivity will be greatly or totally diminished.

Rev. 2,
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10-135 Shipping Cask Leak Test Procedure STD-P-02-034

2.2. Remove probe nozzle and hold leak detector 1/16 to 1/8 in. from the
applicable interface areas when leak testing.

CAUTION

Extreme pressure within the cask must be prevented at all times.

2.3. Ensure C02 supply regulating valve is set to zero.

2.4. Close Inlet Valve (V-1), Isolation Valve (V-2), and Pressure Indicator
Isolation Valve (V-3).

2.5. Open CO2 supply valve.

2.6. Open and adjust CO2 regulator to approximately 10 psi supply pressure.

2.7. Open V-3 allowing pressure to be monitored on indicator as pressure is
applied.

2.8. Slowly open V-1 slowly pressurizing leak test header until pressure
indicator is reading 7 ± 0.5 psig, then close V-1.

2.9. Monitor pressure indicator, ensuring no drop in pressure.

2.10. Perform leak test of header using leak detector instrument.

2.11. If a pressure drop or leak is noted, correct the problem using good work
practices and retest by returning to Section 2.1.

2.12. Pressurize cask containment cavity to 7 psig, using C02 source by
performing the following:

2.12.1. Record the time V-2 is opened as Start Time on Enclosure 1.

2.12.2. Open V-2.

2.12.3. Slowly open V-1 slowly allowing C02 to pressurize cask.

2.12.4. Monitor pressure indicator.

2.12.5. Close V-1 to allow cask pressure to equalize and verify pressure.

2.12.6. Repeat 2.13.4 through 2.13.6 until cask containment cavity reads 7
psig ± 0.5 psig.

Rev. 2,
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10-135 Shionina Cask Leak Test Procedure STD-P02-034
10-135 Shionina Cask Leak Test Procedure STD-P-02-034

2.12.7. Record the time pressurization was accomplished as Stop Time on
Enclosure 1.

2.13. Ensure V-1 is closed securely.

2.14. Leak check following areas of cask when conditions apply:

* Primary lid gasket and stud areas - check when lid has been
opened.

* Secondary lid gasket and stud areas - check when lid has been
opened or its safety seal has been removed.

Note: The leak detector indicates leaks on the LCD by using a bar graph
of 0 to 10 bars. Each barindicates a 10% value; therefore, 3 bars
would indicate 30% and 7 bars 70%. This bar graph, in conjunction
with the multiplier (x 104 mi/sec) found on the right side of the LCD,
indicates the magnitude of the leak detected.

Any reading on the leak detector greater than 7 x 104ml/sec (i.e., 7
bars or 70% of full scale) is unacceptable.

2.15. If a reading of 7 x 104 mlsec or greater is discovered, record on
Enclosure 1, the appropriate information under the leak rate location
section.

Note: The leak detector may be zeroed after detection of any leak.

2.16. Zero leak detector after detection of leak of 7 of 104 mI/sec or greater.

2.17. Proceed with leak check until all areas have been checked.

2.18. If no leaks greater than 7 x 10-4ml/sec are detected go to Section 3.

Note: Repairs must be accomplished in accordance with the appropriate
ATG maintenance procedure.

2.19. If a leak is detected greater than 7 x I 04 ml/sec, perform a recheck of
cask assembly, inspect, and reassemble as required.

2.20. Return to Step 2.3. to retest (if applicable).

2.21. If the test has failed three (3) consecutive times, a nonconformance report
(NCR) should be prepared and dispositioned in accordance with
Reference 6 before proceeding further.

Rev. 2,
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10-135 Shipping Cask Leak Test Procedure STD-P-02-034

3. Return to Service

3.1. Close CO2 supply valve.

WARNING

Proper radiological precautions should be followed to prevent airborne
contamination.

Care must be taken to ensure sufficient ventilation, when working with
CO2. CO2 can displace oxygen in a confined space causing injury or
death.

3.2. Disconnect the CO2 supply line from leak test header.

3.3. Slowly open V-1 and vent cask.

3.4. Ensure pressure indicator reads 0 psig.

WARNING

Extreme caution must be used when handling, valving, or performing
other activities involving a pressurized cylinder due to extremely high
pressure contained in bottle.

3.5. Remove CO2 source using good work practices.

3.6. Remove leak test header using good work practices.

3.7. Install cask vent / test port plug using pipe thread sealant per Reference 1.

3.8. Install upper and lower impact limiters (as required) and prepare cask for
shipment per Reference 1.

3.9. Ensure Enclosure 1 is completed correctly.

Records

Enclosure 1 is a quality record and shall be maintained in accordance with Reference 7.

Rev. 2,
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10-135 Shipping Cask Leak Test Procedure

Enclosures

1. Cask Leak Test Report

2. Membrane Switch Panel Information

3. Liquid Crystal Display Information
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10-135 Shipping Cask Leak Test Procedure STD-P-02-034

ENCLOSURE I

Cask Leak Test Report

Test Equipment Data

Eq. Name Eq. Manufacturer Cal. Date Cal. Due Date
Number

Leak Detector
Pressure Indicator
Torque Wrench

Battery replacement date: -_-

Leak Rate Location

Leak No. Temperature Pressure Leak Rate Location

2- ________________

68

Test Start Time: a.m./p.m. Stop Time: a.m./p.m.

Signature: Date:

QA: Date:

3 ~ ~ . ..__ _ _ _ _ _ _ _ _ _ _ _ _ _

Rev. 2,
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10-135 Shipping Cask Leak Test Procedure STD-P-02-034
10-1 35 Shipping Cask Leak Test Procedure STD-P-02-o34

ENCLOSURE 2 (Page 1 of 2)

Membrane Switch Panel Information

0
r 1
Lr

EiI

L[i

(Instrument ONIOFF) - turns the instrument ON and OFF

(Peak Hold) - enables the user to store the maximum displayed
signal on the Liquid Crystal display (LCD). Pressing this will put
the instrument into peak hold mode and the symbol is displayed
on the LCD. The highest leak will be captured and held.
Pressing the "manual zero" button will clear the signal back to
zero. A further pressing of the "peak hold" button will take the
instrument out of peak hold mode. Note audio follows signal.

(Manual Zero) - enables the user to remove any displayed
signal quickly, and to reset the instrument to zero. This should
be carried out in a clean environment. This is particularly
important when in ppm mode. This ensures that the detector
has clean air inside on which to base an accurate zero point.

(Nozzle ON/OFF) - the instrument has to be told if the nozzle
has been removed from the front of the instrument. The nozzle,
when attached, dilutes the gas stream into the short capillary.
The instrument has to be told this, so that it can change its
display value accordingly.

(Background Zero) - when selected, this will remove most of
the background 'noise" encountered while searching for a gas
leak. The instrument will keep the display and audio at zero
until the signal is of sufficient strength to break through.

(Manual Range Change) - changes the working range of the
instrument and so allows large or small leaks to be detected
and displayed. The range selection is always one way. The
range increases until the point it rolls over at the top and starts
again at the most sensitive range.

(Auto/Manual Ranging) - allows the user to select either
automatic or manual range selection. In manual range, the
instrument stays in the range selected and flashes the display if
the signal is greater than it can display. In auto range, the
ranging follows the signal; there is no indication on the LCD
except that in auto range mode the instrument will always try to
hunt down the most sensitive range.

Rev. 2,
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10-135 Shipping Cask Leak Test Procedure STD-P-02-034
10-1 35 Shipping Cask Leak Test Procedure STD-P-02-034

ENCLOSURE 2 (Page 2 of 2)

Membrane Switch Panel Information

GAS (Gas Group Selection) - enables the user to select the correct
gas group for the particular gas being checked. Repeated

12 3 4 pressing of the button will select the required gas group which is
displayed on the LCD under the work "Gas".

to (Units Selector) - three different units of measurements are
Pavailable for selection. By pressing this button the units are

rt-. f C. selected and displayed on the LCD.

Rev. 2,
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10-135 ShiDolna Cask Leak Test Procedure STD-P-02-034

ENCLOSURE 3 (Page 1 of 2)

Liquid Crystal Display Information

Liquid Crystal Display (LCD)

The LCD displays all the detected information. Leak rates are shown on an 11-segment
bar graph. Full scale percentage bars are shown at 0%, 50%, and 100% to help in
reading the display. The size of the leak is indicated by the position of the bar graph,
and the exponential number shown in the right hand comer of the display. Units are in
cc/sec (i.e., ml/sec) as permanently shown on the display, for example:

0% 50% 100%
L.L.L..l . A.A.Al..l... x 10-4

The length of the bar graph is given in % terms of its total length, which is equivalent to
a value of 10. Hence 100% x 104 is the equivalent to 10 x 104. So in the reading
above:

70% x 10-4 cc/sec is equal to 7 x 104 cc/sec

The instrument is indicating a leak of 7 x 104 or 0.0007 cc/sec (which is the same as
0.042 ccmin). The same method of calculation applies to each of the three units of
measurement.

In most industrial applications the measurement is only a rough indication of the size of
the leak because the instrument is affected by local conditions such as air currents, etc.

The following symbols will also appear on the LCD:

(Negative) - appears to the left of the bar graph when the gas
__ detected has a thermo-conductivity (TC) lower than that of air. If

this area is blank, the gas detected has a higher TC than air.

(Battery) - appears continuously when the four internal batteries
are in a discharged state, indicating that they need replacement /

lt recharging.

(Gas Group) - appears in the area of the display immediately
GAS above the Gas Group Selection button. The display ranges from

the blank (Group 0) to up to four bars (Ill, Group 4), depending on
what gas group has been selected.

Rev. 2,
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10-1 35 Shipping Cask Leak Test Procedure STD-P-02-034

ENCLOSURE 3 (Page 2 of 2)

Liquid Crystal Display Information

LIZ44

(Background Zero) - appears when the instrument has been set
to ignore background noise. The signal is clamped to zero until
sufficient strength to break through the display.

(Zero Signal) - appears when the instrument is zeroing the
display and audio. This will occur during a power up and
whenever Manual Zero is pressed.

(Peak Hold) - appears when the instrument has been switched
to Peak Hold mode. The instrument will display the maximum
bar graph and exponent reading achieved during a search.

(Nozzle) - appears when the instrument has been instructed to
modify its bar graph display reading by the user pressing the
Nozzle On/Off button.

(Units) - three units of measurement are available to the user;
mi/sec (i.e., cc/sec), ft3/yr, and ppm. The exponent will change in
value to match the unit selected. They are selected by repeated
by pressing the Units button; only one unit is displayed at a time.

EL]
ml/sec
ppm

ft/yr
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Operating Procedure for Loading and Unloading the 10-135 Type B STD-P-02-035
Shipping Cask

Purpose and Scope

This procedure provides the operating instruction for loading and unloading the 10-135
Type B radioactive materials shipping cask.

This procedure shall be followed when loading or unloading a 10-1 35 shipping cask.
This procedure may be used in its entirety as written or incorporated into the policies
and procedures of a registered user.

References

1. U.S. Nuclear Regulatory Commission Certificate of Compliance Docket No. 71-
9210, package identification No. USA/921 0/1B (U) for the 10-135 Type B Shipping
Cask.

2. Code of Federal Regulations, Title 10 Part 71.

3. Code of Federal Regulations, Title 49.

4. ATG Procedure STD-P-02-036, "1 0-1 35 Type B Cask Maintenance".

5. ATG Procedure No. STD-P-02-034, "10-135 Shipping Cask Leak Test
Procedure".

Definitions

None.

Responsibilities

Not applicable.

Safety and Environmental Precautions

Whenever the cask lid is moved on or off the cask, treat the underside of the lid as a
contaminated surface until a contamination survey can be made to verify its status.

Whenever the cask secondary lid is moved on or off the cask, treat the underside of the
lid as a contaminated surface until a contamination survey can be made to verity its
status.

Also, ensure that the cask lid is moved high enough above the cask top to avoid
damage to the cask lid primary lid studs or cask secondary lid guide pins.

Do not use the cask secondary lid lifting lug or the upper impact limiter lifting lugs to lift
the cask.

Rev. 2,
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Operating Procedure for Loading and Unloading the 10-135 Type B STD-P-02-035
Shipping Cask

Prerequisites
Users of the cask shall ensure the following:

A Certificate of Compliance (C of C) for this cask and all the documents referenced by
the C of C which relate to the use and maintenance of the cask are on file.

User has registered as a user of this certified cask with the U.S. NRC.

The cask has been inspected under a quality assurance program to verify its
compliance with the terms and conditions of the C of C.

The cask is loaded and closed in accordance with a written procedure which documents
the requirements and restrictions stated in the C of C.

The shipment meets all of the applicable requirements established by the Department of
Transportation, U.S. Nuclear Regulatory Commission, burial site disposal criteria and
burial site licenses.

Lifting requirements of Table 1 are reviewed.

Equipment

None.

Procedure

1. Cask & Vehicle Receipt Inspection

1.1. Perform radiation and external contamination surveys on both the
shipping cask and vehicle.

1.2. Inspect tiedown lugs and shackles on cask and trailer for cracks
and wear.

1.3. Inspect tiedown cables to ensure they are not loose or damaged
(crimped, frayed, etc.).

1.4. Inspect tiedown ratchets/turnbuckles to ensure they are in proper
working condition.

1.5. Ensure that impact limiter and secondary lid lifting lug covers are
present.

1.6. If the cask assembly is to be removed from the transport trailer to
facilitate loading, refer to Section 2.

Rev. 2,
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Operating Procedure for Loading and Unloading the 10-135 Type B STD-P-02-035
Shipping Cask

1.7. Remove cask upper impact limiter in accordance with Section 3.2.

1.8. Inspect the primary lid test portal plug for the presence of thread
sealant.

1.9. Inspect the primary lid holddown nuts to ensure that all of the nuts
are present and undamaged.

1.10. Remove cask primary lid in accordance with Section 3.3.

1.11. Inspect the primary lid holddown studs for damage.

1.12. Inspect primary lid gasket for cracks or tears which would affect
proper sealing.

1.13. Inspect interior of cask for standing water. Water must be removed
prior to shipment.

1.14. Inspect interior of cask for obstructions to loading.

1.15. Inspect interior of cask for defects which might affect the cask
integrity.

1.16. Inspect the secondary lid holddown nuts to ensure they are all
present and not damaged.

1.17. If the secondary lid will be removed for loading the cask or if the
secondary lid security seal has been broken or is not installed,
inspect the secondary lid outer and inner gaskets for cracks, nicks
or tears which would affect proper sealing. (Inspection is not
required if secondary lid has not been removed and the security
seal is in place and intact.)

1.17.1. Remove the secondary lid from the primary cask lid in
accordance with Sections 3.6.4 through 3.6.6.

1.17.2. Inspect the secondary lid holddown studs for damage.

1.17.3. Inspect the two secondary lid gaskets for cracks or tears
which would affect proper sealing.

1.17.4. Install secondary lid in accordance with Section 3.8 unless
loading requires the secondary lid to be removed.

Rev. 2,
10/19/99 ATG Nuclear Services, LCC 5 of 15



Operating Procedure for Loading and Unloading the 10-135 Type B STD-P-02-035
Shipping Cask

2. Removal of Cask from Trailer

If it is necessary to remove the cask from the trailer to facilitate loading,
proceed as follows:

2.1. Remove the impact limiter cover from the cask.

2.2. The impact limiter may be removed in accordance with Section 3.2.

2.3. Loosen ratchet binders/turnbuckles as necessary to remove pins
from tiedown shackles at cask end of tiedown system.

2.4. Remove pins from tiedown shackles.

2.5. Use the three (3) primary lid lifting lugs and suitable rigging to lift
cask off trailer and place cask in proper position for loading. Empty
cask weight with primary lid and secondary lid in place is 52,800
lbs. Empty cask weight with primary lid, secondary lid, and upper
impact limiter in place is 58,000 lbs. Maximum loaded cask weight,
with upper impact limiter, is 68,000 lbs.

3. Loading Cask

Remove the primary full diameter cask lid as follows:

3.1. Remove the impact limiter cover from the cask.

3.2. Disconnect and remove the impact limiter as follows:

3.2.1. Remove the eight spring clip pins from the upper impact
limiter attachment tabs by pulling the pin from the impact
limiter attachment lugs.

3.2.2. Remove the impact limiter lifting lug covers, if provided.

3.2.3. Connect a suitable lifting cable to the three impact limiter
lifting lugs in the center of the impact limiter.

3.2.4. Lift the impact limiter away from the cask. The upper impact
limiter weighs 5,200 lbs.

3.3. Disconnect the cask primary lid from the cask as follows:
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Operating Procedure for Loading and Unloading the 10-135 Type B STD-P-02-035
Shipping Cask

3.3.1. Remove the 16 primary lid holddown nuts or bolts securing
the primary lid to the cask.

3.3.2. Remove the three (3) primary lid lifting lug covers (if
installed).

3.3.3. Position the crane hook over the center of the cask lid to
assure a vertical lift and minimize lid stud damage.

3.3.4. Remove the cask lid using the three (3) lifting lugs on the
cask lid to accommodate suitable rigging. The cask lid
weighs 7,200 Ibs.

3.3.5. Inspect interior of cask for free-standing water. All water
must be removed prior to loading and shipping.

3.3.6. Inspect interior of cask for obstructions which could affect
loading or proper placement of drum pallets and/or liners.

3.3.7. Inspect the interior of cask for defects which might affect the
cask integrity.

3.4. Loading five-drum pallets into the cask:

3.4.1. Using the slings provided and exercising caution in the
handling of the pallet due to possible contamination, remove
the top pallet from the cask. Inspect slings on both pallets
for damage or conditions which could affect safety.

3.4.2. Exercising caution to avoid placing drums on the pallet lift
slings, load five (5) drums on the lower pallet left in the cask.
(See Figure 1 for drum placement on pallet.)

Note: Empty pallet weight - approximately 300 lbs.

Figure 1 Five Drum Pallet Load

fLvt roint
Cling .N

S drum pallet loading
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Operating Procedure for Loading and Unloading the 10-135 Type B STD-P-02-035
Shipping Cask

3.4.3. Place the top pallet into the cask. Ensure lower pallet slings
are accessible for retrieving pallet when off-loading.
Exercising caution to avoid placing drums on the pallet lift
slings, load five (5) drums on the top pallet in the cask (see
Figure 1).

3.4.4. Install primary lid in accordance with 3.8.

3.5. Loading the five-drum pallets outside the cask:

3.5.1. Using slings provided and exercising caution in the handling
of the pallet due to possible contamination, remove both the
pallets from the cask.
Note: Empty pallet weight - approximately 300 lbs.

3.5.2. Inspect slings on both pallets for damage or conditions which
would affect safety.

3.5.3. Load five drums onto each pallet (see Figure 1). For
maximum shielding, load higher dose rate drums toward the
front and rear of the trailer.

3.5.4. Lift one of the loaded pallets and place it inside the cask.
Ensure slings of lower pallet are accessible for retrieving
when off-loading.

3.5.5. Lift the other loaded pallet and place it inside the cask on the
top of the first pallet. Ensure easy access to the pallet lifting
slings for removal of pallet at burial site.

3.5.6. Install primary lid in accordance with 3.8.

3.6. Loading a pre-filled liner into the cask:

3.6.1. Ensure lid and all plugs or caps are installed on liner.

3.6.2. Using the lifting slings provided, place liner in the cask.

3.6.3. Install shims/shoring or liner inserts between liner and cask
as necessary to secure in position.

3.6.4. Install primary lid in accordance with Section 3.8.
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Operating Procedure for Loading and Unloading the 10-135 Type B STD-P-02-035
Shipping Cask

3.7. Installing and loading empty liner in cask:

3.7.1. Using the slings provided, place liner in the cask.

3.7.2. Install shims/shoring or liner inserts between liner and cask
as necessary to secure in position.

3.7.3. Install primary lid in accordance with Section 3.8.

3.7.4. Remove the sixteen (16) secondary lid holddown nuts.

3.7.5. Remove the secondary lid lifting lug cover and connect
appropriate lifting sling (weight 1,750 lbs.).

3.7.6. Remove the secondary lid from the cask and move to
suitable storage area.

3.7.7. Load the radioactive material into the liner through the cask
secondary opening.

3.7.8. Install the liner lid, plugs or caps, as appropriate, onto liner.

3.7.9. Reinstall secondary lid in accordance with 3.9.

3.7.10. If required by the C of C, perform Leak Test, Test may be
performed before or after cask is placed on transport trailer.
However, it must be performed before reinstallation of upper
impact limiter.

3.7.11. If the cask was removed from the transport trailer to facilitate
loading, reinstall in accordance with Section 3.10.

3.7.12. Install the upper impact limiter in accordance with Section
3.12.

3.7.13. Reinstall impact limiter cover.

3.8. Installation of primary cask lid:

3.8.1. Inspect primary lid gasket for cuts, nicks, or other damage
which may affect the sealing capabilities. Replace if
necessary.
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Operating Procedure for Loading and Unloading the 10-135 Type B STD-P-02-035
Shipping Cask

3.8.2. Use the three (3) lifting lugs on the cask lid and suitable
rigging to lift the cask primary lid and place it on the cask.
Use the alignment pins and painted lid index marks for
proper positioning. Conduct a visual inspection to ensure
that the painted lid index mark on the cask lid lines up with
the painted guide mark on the cask body. Adjust the lid
position as necessary to accomplish proper alignment.

3.8.3. Secure the primary lid by installing and tightening the
primary lid stud nuts (with washers) in accordance with the
following torquing sequence.

3.8.3.1. Coat all threaded surfaces with an anti-seize
compound.

3.8.3.2. Install and hand-tighten all fasteners (washers and
nuts).

3.8.3.3. Number fasteners 1 through 16, clockwise.

3.8.3.4. Torque all fasteners to 100 foot-pounds using the
following tightening sequence:
1,9,5,13,2,10,6,14,3,11,7,15,4,12,8,16.

3.8.3.5. Torque all fasteners to 200 foot-pounds using the
following tightening sequence:
1,9,5,13,2,10,6,14,3,11,7,15,4,12,8,16.

3.8.3.6. Torque all fasteners to 325 foot-pounds using the
following sequence:
1,9,5,13,2,10,6,14,3,11,7,15,4,12,8,16.

3.8.3.7. Check tight all fasteners to 325 foot-pounds:
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16.

3.8.4. Install the three primary lid lifting lug covers.

3.8.5. Install a wire shipping security seal through the hole in one
of the primary lid studs.
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Operating Procedure for Loading and Unloading the 10-135 Type B STD-P-02-035
Shipping Cask

3.9. Installation of secondary lid:

3.9.1. Inspect the two secondary lid gaskets for cuts, nicks or other
damage which may affect the sealing capabilities. Replace if
necessary.

3.9.2. Using the one (1) lifting lug on the secondary lid to attach
suitable rigging, lift and place secondary lid into the lid
opening of the primary lid. Use alignment guide pins to
assure proper lid alignment. If the alignment guide pins are
damaged, verify proper lid alignment using the painted
alignment markers on the secondary lid and the cask
primary lid. Be careful not to damage the gaskets during
installation.

3.9.3. Secure the secondary lid by installing and tightening the
secondary lid stud nuts in accordance with the following
torquing sequence.

3.9.3.1. Coat all threaded surfaces with an anti-seize
compound.

3.9.3.2. Install and hand-tighten all washers and nuts.

3.9.3.3. Number fasteners 1 through 16, clockwise.

3.9.3.4. Torque all fasteners to 70 foot-pounds using
the following tightening sequence:
1,9,5,13,2,10,6,14,3,11,7,15,4,12,8,16.

3.9.3.5. Torque all fasteners to 140 foot-pounds using
the following tightening sequence:
1,9,5,13,2,10,6,14,3,11,7,15,4,12,8,16.

3.9.3.6. Torque all fasteners to 210 foot-pounds using
the following tightening sequence:
1,9,5,13,2,10,6,14,3,11,7,15,4,12,8,16.

3.9.3.7. Check tight all fasteners to 210 foot-pounds:
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16.

3.9.4. Install the secondary lid lifting lug cover.

Rev. 2,
10/19/99 ATG Nuclear Services, LCC 11 of 15



Operating Procedure for Loading and Unloading the 10-135 Type B
Shipping Cask

STD-P-02-035

3.9.5. Install shipping security wires on the secondary lid through

3.9.5. Install shipping security wires on the secondary lid through
the hole provided in one of the secondary lid stud nuts.

3.10. Cask installation on trailer:

3.10.1. Use the three (3) cask primary lid lifting lugs and suitable
rigging to lift the cask and place it in the proper position on
the transport trailer. The lower impact limiter fits over a
position ring mounted on the transport trailer. See Figure 2
for proper orientation.

Figure 2 Cask Installation on Trailer
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3.10.2. Inspect tiedown lugs and shackles on cask and transport
trailer for cracks and wear which would affect their strength.

3.10.3. Inspect cask trailer tiedown cables to ensure they are not
loose or damaged (crimped, frayed, etc.).

3.10.4. Inspect cask cable tiedown ratchets/turnbuckles to ensure
they are in proper working condition.

3.10.5. Install shackles through the end of the cask tiedown cables
and attach to cask tiedown lugs by screwing pin through
shackle and hole in lug.

3.10.6. Tighten cask cable ratchet binders/turnbuckles as necessary
to secure cask on transport trailer.

kIs

9 For
K xCH.
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Operating Procedure for Loading and Unloading the 10-135 Type B STD-P-02-035
Shipping Cask

3.11. If required by Reference 1, perform leak test. The test may be
performed before or after cask is placed on transport trailer.
However, it must be performed before reinstallation of upper impact
limiter.

3.12. Install upper impact limiter as follows:

3.12.1. Connect suitable rigging to the upper impact limiter lifting
lugs and position impact limiter above cask primary lid.

3.12.2. Prior to lowering upper impact limiter onto primary lid, align
the painted impact limiter holddown with the painted impact
limiter lug on the cask.

3.12.3. Lower upper impact limiter onto cask primary lid.

3.12.4. Install the eight spring clip pins into the attachment tabs.

3.12.5. Disconnect lifting cable from upper impact limiter.

3.12.6. Install the impact limiter lifting lug covers (not required if
impact limiter cover is used).

3.12.7. Install impact limiter cover.

3.13. Display proper labels on cask.

4. Unloading Cask

Remove the container(s) from inside the cask as follows:

4.1. Remove the impact limiter cover from the cask.

4.2. Disconnect and remove the upper impact limiter as per Section 3.2.

4.3. Disconnect and remove the primary lid as per Section 3.3.

4.4. Remove contents from inside the cask, being careful not to damage
inside of cask lining.

4.5. Perform survey of interior of cask and cask pallets if used.
Contamination should not exceed limits.
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Operating Procedure for Loading and Unloading the 10-135 Type B STD-P-02-035
Shipping Cask

4.6. Install pallets, if removed.

4.7. Reinstall cask primary lid as per Section 3.8.

4.8. Reinstall upper impact limiter as per Section 3.12.

4.9. Ensure all lifting lug covers are accounted for and installed
properly.

4.10. Reinstall impact limiter cover on cask upper impact limiter and
attach tiedowns.

4.11. Prepare empty cask for transport.

**End of Procedure**

Records

None.

Enclosures

Table 1. Lifting Weights
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Operating Procedure for Loading and Unloading the 10-135 Type B
Shipping Cask

STD-P-02-035

Table 1

LIFTING WEIGHTS

Type of Lifting Fixture
Item Required Item Weight

Secondary Lid 1 point 1,750 lbs.

Upper Impact Limiter 3 point 5,200 lbs.

Primary Lid with Secondary Lid
Installed 3 point 7,200 lbs.

Cask Assembly without Upper Impact
Limiter or Contents 3 point 52,800 lbs.

Cask Assembly with Upper Impact
Limiter Installed, No Contents 3 point 58,000 lbs.

Cask Assembly without Upper Impact
Limiter but with Maximum Contents 3 point 62,800 lbs.

Cask Assembly with Upper Impact
Limiter and with Maximum Contents 3 point 68,000 lbs.

Upper Impact Limiter Cover 1 point 95 lbs.
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10-135 Type B Cask Maintenance STD-P-02-036

Purpose and Scope
This procedure establishes preventative maintenance requirements and describes the
correct methods for gaskets, secondary lid stud, primary lid stud, and guide pin
replacement on the 10-135 Type B shipping cask.

Applicability
This procedure shall be followed when performing maintenance on an 10-135 Type B
shipping cask. This procedure may be used in its entirety as written or incorporated into
the policies and procedures of a registered user.

Definitions

Primary Lid Gasket: 3/4" thick by 3" wide, Silicon

Secondary Lid Outer Gasket: 1/4" thick x 1" wide, Neoprene

Secondary Lid Inner Gasket: 1/4" thick x 1" wide, Silicon

Primary Lid Stud: 1 1/2" - 6 UNC - 2A, ASTM A354 Gr. 3D

Primary Lid Stud Washer: Hardened washer, 1 1/2" nominal, ASTM A325

Primary Lid Stud Nut: Heavy hex nut, 1 1/2" - 6 UNC- 2B

Primary Lid Bolt (option): 1 1/2" - 6 UNC ASTM A354 Gr. BD

Secondary Lid Stud: 1 1/4" - 7 UNC - 2A, ASTM 334

Secondary Lid Stud Washer: Hardened washer, 1 1/4" nominal, ASTM A325

Secondary Lid Retaining Nut: Heavy hex nut 1 1/4" -7 UNC - 2B, ASTM A563 Gr. DH

Lid Alignment Guide Pin: 3/4" Dia., ASTM A-516 Gr. 70

Primary Lid Alignment Guide Plate: On cask body .50" thick: ASTM A-516, Gr. 70

References

1. Procedure No. STD-P-02-035, "Operating Procedure for
Loading and Unloading the 10-135 Type B Shipping Cask"

2. Procedure No. STD-P-02-034, "1 0-135 Type B Shipping Cask Leak Test"

3. SEG Drawing STD-02-106
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06/18199 ATG Nuclear Services, LCC 3 of 14



10-135 Type B Cask Maintenance ST D-Pw0 290 3 6
10-135 Type B Cask Maintenance STD-P-02-036

4. U.S. Nuclear Regulatory Commission Certificate of Compliance Docket No. 71-
9210, package identification No. USA/9210/B, (U) for the 10-1 35 Type B
Shipping Cask

5. "Safety Analysis Report For The 10-135 Radwaste Shipping Cask" No.
STD-R-02-01 9

6. Procedure, CNBIQA-12.1, "Control of Measuring and Test Equipment"

7. Procedure, CNB/QA-15.1, "Non-Conformance Reporting"

8. Procedure, CNB/QA-17.1, "Quality Records Management"

9. Procedure, CNB/QA-4.1, 'Procurement Control"

Responsibilities

Operations Manager

Overall responsibility for cask maintenance operations.

Cask Maintenance Technician

Responsible for performing inspection, maintenance, and repair activities in
accordance with the requirements of this procedure.

Notifying the Operations Manager of the condition of equipment.

Notifying Engineering I Licensing to provide direction when conditions require
Engineering I Licensing input in accordance with this procedure.

Notifying QA personnel when conditions warrant QA involvement in accordance
with this procedure.

The maintenance of records documenting equipment inspection, maintenance
and repair activities associated with the implementation of this procedure.

Procurement of gasket and other replacement parts. All cask replacement parts
are procured and controlled in accordance with Reference 9.

Engineering I Licensing Department

Responsible for providing direction, instructions, and recommendation for
maintenance and repair of equipment that have nonconformances in accordance
with this procedure. Interface with regulatory agencies governing the approval
and certification of radwaste shipping casks and transport trailers.
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Quality Assurance (QA) Department

Responsible for providing surveillance and inspection documentation of
components associated with the repair or replacement of equipment as required
in accordance with this procedure. QA Inspection and/or hold points are not
required during routine maintenance or activities involving gasket changes or
repairs unless deemed necessary by nonconformance dispositions, Reference 7.

Components and/or services necessary for equipment repair and maintenance
shall be procured in accordance with Reference 9.

Equipment

Gaskets

Primary Lid

Secondary Lid (Outer/inner)

Primary lid studs, nuts and washers

Primary lid bolts (optional)

Secondary lid studs, nuts and washers

Gasket scraper or clean metal scraper knife

Steel wire brush - drill type or handheld

Acetone or other brand cleaning solvent recommended for cleaning residual
adhesives

Gasket adhesive Silicon Lube (R1V) GE 10-8101 or other brand adhesives which
are recommended manufacturer for bonding silicon or neoprene to metal.

Note: Measuring and Test Equipment (M &TE) utilized shall be in accordance
with Reference 6.

Procedure

1. Periodic Maintenance Requirements

1.1. Primary Lid Gasket

1.1.1. Inspect primary lid gasket prior to placement of the primary
lid on the cask. Gasket must be free of defects such as
nicks, frays and cuts.
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1.1.2. Replace gasket every twelve months as specified in
Reference 4.

1.1.3. Replace gasket to correct any defects noted in step 1.1.1 or
to comply with 1.1.2 above (Refer to step 2.1).

1.2. Secondary Lid Gaskets (Outer/Inner)

1.2.1. Inspect secondary lid gaskets. Gaskets must be free of
defects such as nicks, frays and cuts

1.2.2. Replace gaskets every twelve months as specified in
Reference 4.

1.2.3. Replace gaskets to correct any defects noted in step 1.2.1 or
to comply with 1.2.2 above. (Refer to step 2.2 of 2.3 as
necessary.)

1.3. Primary Lid Studs or Bolts and Nuts

1.3.1. Inspect studs/bolts for excessive wear or cross threading.

1.3.2. Inspect nuts for wear caused by cross threading or over
torquing.

1.3.3. Repair or replace studs and/or nuts as necessary (Refer to
step 2.4).

1.4. Secondary Lid Studs and Nuts

1.4.1. Inspect studs for excessive wear or cross threading.

1.4.2. Inspect nuts for wear caused by cross threading or over
torquing.

1.4.3. Repair or replace studs and/or nuts as necessary (Refer to
step 2.5).

1.5. Primary Lid Guide Pins and Marks

1.5.1. Inspect primary lid guide marks prior to each shipment for
excessive paint flaking or fading.
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1.5.2. Inspect primary lid guide pins for excess wear, whenever
primary lid has been removed. Pins should engage primary
lid when lid is installed.

1.5.3. Repaint primary guide marks as necessary.

1.5.4. Repair or replace primary lid guide pins as necessary. (Refer
to step 2.6.)

1.6. Secondary Lid Guide Pins and Marks

1.6.1. Inspect secondary lid guide marks prior to each shipment for
excessive paint flaking or fading.

1.6.2. Inspect secondary lid guide pins for excess wear, whenever
secondary lid has been removed. Pin should engage
secondary lid when lid is installed on primary lid.

1.6.3. Repaint secondary guide marks as necessary.

1.6.4. Repair or replace secondary lid guide pins as necessary.
(Refer to step 2.6.)

1.7. Cask to Transport Trailer Tiedown Cable Assembly

1.7.1. Inspect prior to each shipment.

1.7.2. Inspect tiedown cables for broken or frayed wire.

1.7.3. Inspect tiedown ratchet binders for excessive signs of wear
and lubricate.

1.7.4. Inspect transport trailer cask tiedown "D" rings or lugs for
any deformations.

1.7.5. Repair and/or replace as necessary.

1.8. Leak Test of Cask

1.8.1. Required prior to acceptance from fabricator.

1.8.2. Required in accordance with Reference 4.
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1.8.3. Required after maintenance has been performed on any
gasket. This is required only on the applicable gasket that is
replaced.

1.8.4. Refer to Reference 2, "1 0-135 Type B Shipping Cask Leak
Test Procedure".

2. Gasket/Seal Replacement

2.1. Primary Lid Gasket Replacement (Silicon)

2.1.1. Remove old flat gasket by hand or use metal scraper, using
care to prevent damage to seating surfaces. Discard old
gasket material using proper radiological procedures.

2.1.2. Clean entire gasket seating surfaces (both cask body and
lid) by using a steel wire brush along with a cleaning solvent
and lubricant as needed.

2.1.3. Inspect all seating surfaces for foreign material or nicks
which could prevent proper seating and sealing. Repair as
necessary.

2.1.4. Inspect new replacement gasket for nicks, frays and cuts.
Discard unused materials.

2.1.5. Fit gasket to cask body surface.

2.1.6. Place gasket adhesive on cask body in accordance with
adhesive directions.

2.1.7. Press gasket into adhesive with hand pressure and allow
time recommended on the adhesive directions for the
adhesive to set up.

2.1.8. Make butt joints using adhesive between the two gasket
surfaces. Compress to fit. See Figure 1 for recommended
gasket joint method.
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2.1.9. Complete Attachment 1 and distribute in accordance with
Records Section.

2.2. Secondary Lid Outer Gasket Replacement (Neoprene)

2.2.1. Remove old flat gasket by hand or use metal scraper. Use
care to prevent damage to seating surfaces.

2.2.2. Clean entire gasket seating surfaces (both primary lid and
shield plug) by using a steel wire brush along with acetone
as a cleaning solvent and lubricant.

2.2.3. Inspect all seating surfaces for foreign material or nicks
which would prevent proper sealing.

2.2.4. Place adhesive on primary cask lid, press gasket in place
and allow to set until adhesive is set.

2.2.5. Complete Attachment 2 (if applicable) and distribute in
accordance with Records Section.

2.3. Secondary Lid Inner Gasket Replacement (Silicon)

2.3.1. Remove old flat gasket by hand or use metal scraper, using
care to prevent damage to seating surfaces.

2.3.2. Clean entire gasket seating surfaces, (both primary lid and
secondary lid) by using a steel wire brush along with a
cleaning solvent and lubricant.

2.3.3. Inspect all seating surfaces for foreign material or nicks
which would prevent proper sealing.
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2.3.4. Place adhesive on primary cask lid inner gasket seating
surface.

2.3.5. Place gasket on primary cask lid inner gasket seating
surface and press in place and allow to set until adhesive is
set up.

2.3.6. Complete Attachment 3 and distribute in accordance with
Record Section.

2.4. Primary Lid Stud and Nut Replacement

Primary lid studs may be replaced and/or repaired in the following
manner:

2.4.1. Heli-coil insert may be used if cask threads are damaged.

2.4.2. Increase depth of tap, drill and retap 1/4" using 1 1/2" - 6
UNC - 2A, ASTM A354 Gr. BD stud of appropriate length.

2.5. Secondary Lid Stud and Nut Replacement

Secondary lid studs may be replaced and/or repaired in the
following manner:

2.5.1. Heli-coil insert may be used if cask threads are damaged.

2.5.2. Increase depth of tap, drill and retap 1/4" using 1 1/4" - 7
UNC - 2A, ASTM 354 Gr. BD stud of appropriate length.

2.6. Primary Lid Guide Pin Replacement

Guide Pins may be replaced and/or repaired in the following
manner:

2.6.1. Heli-coil inserts may be used if cask threads are damaged.

2.6.2. Increase depth of tap, drill and retap 1/4" using 1-1/2" ASTM
A516 Gr. 70 pin of appropriate length.

2.7. Secondary Lid Guide Pin Replacement

2.7.1. Heli-coil inserts may be used if cask threads are damaged.
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2.7.2. Increase depth of tap, drill and retap 1/4" using 3/4" ASTM
A516 Gr. 70 pin of appropriate length.

Records

All records generated in accordance with this procedure shall be maintained in
accordance with Reference 8.

Attachments

1. 10-135 Primary Lid Gasket Replacement Checklist

2. 10-135 Secondary Lid Outer Gasket Replacement Checklist

3. 10-135 Secondary Lid Inner Gasket Replacement Checklist

Rev. I
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ATTACHMENT 1

10-135 Primary Lid Gasket Replacement Checklist

Cask Serial Number:

Initials Date

1. Old gasket removed (if applicable)

2. Gasket seating surfaces clean and
free of foreign material and nicks. (Step 2.1.3)

3. Replacement gasket inspected

4. Gasket P.O No:

5. Installation completed (if applicable)
(Step 2.1.5 thru 2.1.8)

6. Visual inspection of painted alignment
stripes or guide plates satisfactory?

Alignment guide plates repainted?

Yes/No

Yes/No

Signature

7. Other Maintenance describe):

Date

8. A. Next scheduled gasket replacement due by:

B. Leak test of gaskets performed
in accordance with STD-P-02-034.

Date

Date

Rev. 1
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ATTACHMENT 2

10-1 35 Secondary Lid Outer Gasket Replacement Checklist

Cask Serial Number:

Initials Date

1. Old gasket removed (if applicable)

2. Gasket seating surfaces clean and
free of foreign material and nicks. (Step 2.2.1)

3. Replacement gasket inspected

4. Gasket P.O No:

5. Installation completed (if applicable)
(Step 2.2.4 thru 2.2.5)

6. Visual inspection of painted alignment
stripes or guide plates satisfactory? Yes/No

Signature Date

7. Other Maintenance describe):_

8. A. Next scheduled gasket replacement due by:
Date

B. Leak test of gaskets performed
in accordance with STD-P-02-034.

Date

Rev. 1
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ATTACHMENT 3

10-135 Secondary Lid Inner Gasket Replacement Checklist

Cask Serial Number:

Initials Date

1. Old gasket removed (if applicable)

2. Gasket seating surfaces clean and
free of foreign material and nicks. (Step 2.3.1)

3. Replacement gasket inspected

4. Gasket P.O No:

5. Installation completed (if applicable)
(Step 2.3.4 thru 2.3.5)

6. Other Maintenance describe):_

7. A. Next scheduled gasket replacement due by:
Date

B. Leak test of gaskets performed
in accordance with STD-P-02-034.

Date

Rev. 1
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Purpose and Scope
This generic test specification procedure states the minimum requirements for gamma
scanning of lead shielding for Allied Technology Group, Inc. (ATG) type casks. The
fabricator shall submit for approval detailed gamma scanning procedures.

This generic procedure is applicable to all radioactive shipment casks or radiation
shields fabricated for and procured by ATG, Inc.

References
1. ASNT Recommended Practice No. SNT-TC-lA, 1980 Edition

2. AECU 2967, November 1954

3. Procedure CNB/QA-7.2, Approved Suppliers List

Definitions
None.

Responsibilities
All vendors submitting gamma scanning procedures against this test specification
procedure shall be approved in accordance with Reference 3. ATG, Inc. Quality
Assurance (QA) will witness the procedure.

Personnel conducting gamma scanning shall be familiar with the detailed procedures
and shall be certified Level II or Level IlIl radiographers in accordance with Reference 1.

Safety and Environmental Precautions
Standard radiological work practices should be followed when handling or moving
radiography sources.

Prerequisites

None.

Equipment
The gamma detector shall be a model El 20 Eberline or equivalent with a pancake
probe. The gamma source shall be either Ir-1 92 or Co-60 of sufficient activity in curies
to obtain reasonable readings. The source strength will be dependent on the lead and
steel thickness being scanned.

Rev. 3
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Calibration
A calibration plate will be prepared using defect free lead equal to the nominal lead
thickness for the specific cask or shield. Steel equal to the nominal specified wall
thickness will be placed on either side of the lead. The lead shall be designed so that
several 1/8 in. sections of lead can be removed or added to the calibration plate.

The calibration plate will be installed in a fixture in place of the secondary lid as shown
in Enclosure 1. The source is placed inside the cask at a distance from the plate equal
to the inside radius of the cask. The radiation detector is placed on top of the plate and
radiation readings are taken with the meter set on the lower scale. The test is then
repeated modifying the lead thickness in increments of 0.125 in. plus/minus the nominal
lead thickness. At least five points will be measured and a plot of lead thickness vs.
detector readout is then plotted. The maximum acceptable reading during the gamma
scan shall be 1.1 times the reading obtained from the nominal lead wall thickness of the
extrapolated reading for .90% of the nominal lead wall thickness, whichever is less.

Records
The following items shall be forwarded to ATG QA upon completion of gamma scan:

1. Source Certification

2. Record of radiation survey results dated and signed by responsible party.

Procedure

1. Mark a 4-in. grid system on the cask and record the grid system on paper as a
permanent record.

2. Locate the radiation source along the centerline axis of the cask and position it at
the midpoint of the plane of the top row of grid squares.

3. Take readings at each grid square on the outside of the cask in the plane of the
source. The probe will be in contact with the cask surface when the radiation
readings are taken.

4. Lower the source along the centerline axis to the midpoint of the next row of grid
squares and repeat Step 3.

5. Repeat Step 4 until the bottom row of grid squares have been monitored.

6. Position the source along the centerline of the cask at a height equal to one cask
radius off of the bottom.

7. Take and record readings every 12 in. around the bottom circumference of the
cask.

Rev. 3
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8. Position the source along the centerline of the cask at a height equal to one cask
radius from the top of the cask.

9. Take and record readings every 12 in. around the top circumference of the cask.

10. Average and record the six highest readings obtained in Step 7.

II. Average and record the six highest readings obtained in Step 9.

Acceptance Criteria

1. The radiation reading at any point on the cask circumference shall not exceed
the value determined in the Calibration Section, except as noted in the following
Steps 2 and 3.

2. The readings obtained in Procedure Step 9 shall not exceed 125% of the
average reading calculated in Procedure Step 10, and they shall not exceed 50%
of the value determined in the Calibration Section.

3. The readings obtained in Procedure Step 9 shall not exceed 125% of the
average calculated in Procedure Step 11, and they shall not exceed 50% of the
value determined in the Calibration Section.

Enclosures

1. Gamma Scanning Calibration Arrangement

2. Gamma Scanning Survey Arrangement

Rev. 3
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ENCLOSURE I
Gamma Scanning Calibration Arrangement

PANCAKE PROBE
DETECTOR

CASK L10

/V///], FJ 7/

CALIBRATION
PLATE

ENLARGEMENT A

CASK 8O0Y SORC

Z ///// 77-77

r PANCAKE PROBE

CALIBRATION FIXTURE

to 1 / CASK LID
CLAMPING OEVICE

CALIBRATION PLATE OISTANCE INSIDE RADIUS OF CASK

SOURCE
* ENLARGEMENT A NO SCALE
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ENCLOSURE 2
Gamma Scanning Survey Arrangement

. Source Positioner (Calibrated in Inches)

PROBE
(Used to scan each grid; highest reading
recorded)- -

(CO6 0 or IR 1 9

Meter [Reads in l4illiroentgens (MR) I

Cask outer surface marked in 4S grid for
reading location and data recording.
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