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1.0 Purpose and Scope

Robatel Technologies is designing the RT-100 transport cask to transport radioactive
waste in the form of dewatered resins and filters. The purpose of this calculation is to
structurally qualify the fully-loaded RT-100 transport cask for the loadings associated with
lifting activities, including dead weight and payload weight, for the normal lifting conditions.

The RT-100 transport cask is required to meet the requirements of 10 CFR Part 71
(Ref. 3.1). This calculation demonstrates that this package satisfies the requirements of 10
CFR 71.45 under the normal lifting conditions. The NRC requirements in 10 CFR 71.45
state that any lifting attachment that is a structural part of the package must be designed to
withstand lifting stresses with appropriate safety factors. The RT-100 package is designed
with two lifting pockets, attached to the cask sidewall, for lifting the assembled cask and
with three removable lifting rings each on the upper impact limiter, lower impact limiter,
primary lid and secondary lid. Failure of the lifting mechanism under excessive load must
not impair the ability of the cask to meet the requirements of Subpart E of 10 CFR 71.45.
Any other structural part that could be used to lift the package must be capable of being
rendered inoperable for lifting the package during transport, or must be designed with
strength equivalent to that required for lifting attachments.

As an additional requirement, Robatel Technologies has committed to the NRC to meet the
intent of the requirements of the special stress limits contained in ASME B&PV Code
Section III, Division 1 - Subsection NF Subparagraph 3223.2 "Pure Shear'.
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2.0 Summary of Results and Conclusions

All structural members have a factor of safety of greater than 3.0 against yield under the
most adverse effects from the lifting activities to satisfy 10 CFR 71.45 requirements. The
minimum factor of safety is 8.26 at the lifting pockets for the bearing stress during lifting of
the assembled cask. All welds and connections are qualified for the design loads. The
minimum weld factor of safety is 4.80 against yield at the lifting pocket weld. The minimum
bolt factor of safety is 1.45 at the lifting ring for the secondary lifting mechanisms (lids,
impact limiters, etc.). The failure of the structural lifting attachments under excessive loads
does not impair the ability of the cask to meet the other regulatory requirements of the
cask. The results of the analysis show that the RT-100 cask can withstand the required
lifting activities for the normal lifting conditions.

Therefore, the members and welds of the RT-100 transport cask are adequate for
their design function under the normal lifting condition.
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4.0 Assumptions

4.1. The weight of the cask for the lifting evaluation is considered as the total weight of
the cask and the maximum payload less the weight of the upper impact limiter.
The cask lifting pockets can only be used with the upper impact limiter removed
due to the configuration of the cask components. (Ref. 3.2) This assumption is
acceptable without further evaluation.

4.2. The cask lifting yoke (Ref. 3.8) is used to lift the cask. The lifting yoke is designed
to ensure that the lifting loads remain parallel to the sidewalls of the cask. The
design of the lifting yoke is beyond the scope of this calculation and is not
considered further.

4.3. It is possible for the center of gravity of the payload to shift ±10% of the interior
dimensions of the cask containment (Ref. 3.22). The payload is significantly lighter
than the fully loaded cask. Therefore, this shift has no significant effect on the
lifting conditions since the change in payload location will have an inconsequential
effect of the center of gravity of the fully-assembled, loaded cask, resulting in a
maximum change of less than 4 cm in the overall center of gravity, which is
approximately a 2.5% change (Ref. 3.22). Only the overall center of gravity
location is used for this calculation. This assumption is acceptable without further
evaluation.

4.4. A Dynamic Load Factor (DLF) of 1.35 is applied to the lift forces that act on the
cask components during movement. ANSI N14.6 (Ref. 3.20) requires additional
safety features for handling of critical loads. One option identified is to apply
increased stress design factors on the load-bearing members; however, the
standard does not recommend a value for the stress design factor. The German
Nuclear Safety Standards Commission provides standard KTA-3905 for lifting
loads in nuclear power plants. (Ref. 3.21) This standard requires a live load factor
of 1.35 for dead weight lifts. This calculation uses the KTA-3905 live load factor
value as the dynamic load factor. The dynamic load factor is applied to all load
bearing members.
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5.0 Design Inputs

5.1. The maximum weight of the fully assembled, loaded cask is 41,500 kg (91,492 Ibs)

(Ref. 3.2).

5.2. The nominal weight of the upper impact limiter is 2541 kg (5602 Ibs) (Ref. 3.2).

5.3. The nominal weight of the lower impact limiter is 2448 kg (5397 Ibs) (Ref. 3.2).
5.4. The nominal weight of the primary lid is 3648 kg (8042 Ibs) (Ref. 3.2).

5.5. The nominal weight of the secondary lid is 857 kg (1889 Ibs) (Ref. 3.2).

5.6. Per 10 CFR 71.45(a) (Ref. 3.1), any lifting attachment that is a structural part of a
package must be designed with a minimum safety factor of three (3) against
yielding when used to lift the package in the intended manner. Per ANSI N14.6, a
factor of five (5) against ultimate stress shall also be used. A factor of three
against yielding stress and a factor of five against ultimate stress will therefore be
used in the calculation of the cask lifting load.

5.7. The material properties used for the cask shell, the lead shielding and the lid bolts
shall be as given in Table 1, unless noted otherwise. The allowable values used
are for the 50'C (Ref 3.1, Section 71.43 (g)).

5.8. A value of 9.81 m/s 2 will be used for the gravitational acceleration.
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Table 1: Material Properties

Strength (MPa) (1)

Material Temp Membrane
(.C) Yield Ultimate Allowable

(SY) (S.) (Sm)
-30 207 517 138
40 207 517 138

ASTM A240 50 199 511 138
Type 304/304L 65 184 492 138
(Dual Certified) 100 170 485 138
(Cask shell, lift pockets,) 150 154 456 138

200 144 442 129
250 135 437 122
-30 172 483 115
40 172 483 115

ASTM AS-240 50 162 470 115

Type304L 65 157 463 115
(primary and secondary lid, 100 146 452 115

upper and lower impact limiters 150 132 42 115

outer shells) 150 132 421 115
200 121 406 110

250 114 398 103
-30 896 1030 299 = 2Sy/3
40 896 1030 299
50 869 1030 292

ASTM SA-354 Grade BD 65 855 1030 288
(Bolting material) 100 816 1030 272

150 792 1030 264
200 768 1030 256
250 737 1030 245

SA-479
Grade ER308 UNS S30880 -30 to 40 205 515
(Weld material)

[1] Material properties are taken from ASME B&PV Code, Section II, Part D (Ref. 3.15)
by interpolation.
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6.0 Methodology

The RT-100 transport cask is a safety-related structure in accordance with 10 CFR Part 71
(Ref. 3.1). The cask consists of a stainless steel containment structure with a lead
shielding panel between the inner and outer cask wall, ductile stainless steel and foam
upper and lower impact limiters, a pair of concentric, removable stainless steel cask lids
and a pair of stainless steel lifting pockets on opposite sides of the cask body. Per
Assumption 4.1, the upper impact limiter is removed and lifted separately during lifting
operations. Per Design Input 5.6, a safety factor of three against yielding is used in
determining the weight of the assembled cask for lifting, for each of the impact limiters and
for each of the cask lids. (Ref. 3.2, 3.4, 3.5, 3.6, 3.7)

The evaluation of the RT-100 cask lifting pockets and outer shell is provided in this
document to show that they meet all of the applicable requirements of 10 CFR 71.45
(Ref. 3.1) for the combined weight of the cask and the payload. The evaluations of the
RT-100 upper impact limiter, lower impact limiter, primary lid and secondary lid lifting rings
are provided in this document to show that they meet all of the applicable requirements of
10 CFR 71.45 (Ref. 3.1)for the dead weight of the component being lifted. The lifting rings
and bolts utilized for lifting are checked for lifting mechanism failure, cask tear out failure
and weld failure, as applicable. An evaluation is provided to demonstrate that failure of the
lifting pockets under excessive load does not impair the cask's ability to meet the other
applicable requirements of 10 CFR 71.45.

As an additional requirement, Robatel Technologies has committed to the NRC to meet the
intent of the requirements of the special stress limits contained in ASME B&PV Code
Section III, Division 1 - Subsection NF Subparagraph 3223.2 "Pure Shear"; or:

1. The average primary shear stress across a section loaded in pure shear,
experienced as a result of Design Loadings, Test Loadings, or any Service Loadings,
except those for which Level D Limits are designated, shall be limited to 0.6Sm.

2. The maximum primary shear, experienced as a result of Design Loadings, Test
Loadings, or any Service Loadings except those for which Level D Limits are
designated, exclusive of stress concentration at the periphery of a solid circular
section in torsion, shall be limited to 0.8US. Primary plus secondary shear stresses
shall be converted to stress intensities (equal to two times pure shear stress) and as
such shall not exceed the basic stress limits of Tables NF- 3522(b)-I and NF-
3622(b)-I.
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7.0 Calculations

NOTE: In many cases, calculations are developed using exact values, not the rounded
numbers shown. In certain situations the numbers displayed may not be capable of
providing the final solution. Using exact numbers, however, provides the most accurate
solution possible.

7.1 Load Calculation

See Section 5.0 Design Inputs of this calculation for a list of all applicable loads and
Section 6.0 (Methodology) for the applicable methodology and lifting conditions. The
detailed calculation of loads follows.

Cask Weight (fully assembled and loaded), Wc = 41,500 kg (Design Input 5.1)

Upper Impact Limiter Weight, WUL = 2541 kg (Design Input 5.2)

Total Lifting Weight, W = W, - WUL = 38,959 kg, use 39,500 kg

7.2 Tie-Down Arm Lifting Evaluation

Per 10 CFR 71.45(a) (Ref. 3.1), any structural part of the package, other than those
components designated and designed for lifting activities, that could be used to lift the
package must be capable of being rendered inoperable for lifting the package during
transport, or must be designed with strength equivalent to that required for lifting
attachments. The tie-down arms can be rendered inoperable through the use of
padlocks on the tie-down eyes provided in each of the tie-down arms for securing the
load (Refs. 3.2 and 3.13). The tie-down arms shall not be used for lifting and therefore
do not need to be designed for the lifting loads. The tie-down arms are acceptable
without further evaluation.

7.3 Primary Lid Lifting Evaluation

The primary lid can be lifted separately from the rest of the cask by the three removable
M20 lifting rings described in Reference 3.11. The primary lid is evaluated for the
working load limit in the lifting rings and for the tear-out stresses in the lid from the
lifting activities. The lifting rings for the primary lid can only be used when the cask lid
is separated from the cask body. The secondary cask lid is also removable, so the
primary lid may be lifted with the secondary lid attached or separated from the primary
lid. Conservatively, the combined primary and secondary lid is used for the lifting
evaluation.

Primary Lid Design Information

Primary Lid Weight, WPL = 3648 kg (Design Input 5.4)

Secondary Lid Weight, WSL = 857 kg (Design Input 5.5)

Total Lid Lifting Weight, WL = WPL + WSL = 4505 kg, use 4,600 kg

Number of Lifting Rings, n,- = 3 (Ref. 3.11)
Dynaic oad actr, LF =1.3 (Asumpion4.4

Dynamic Load Factor, DLF = 1.35 (Assumption 4.4)
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Primary Lid Lifting Ring Working Loads

The lifting rings on the primary lid are only used for lifting when the lid is detached from
the cask body, and are rendered inoperable by removing the rings from the lid when the
cask is assembled. The rings are therefore not considered to be a structural part of the
package and do not need to be designed for the factor of safety against yielding
(Design Input 5.6).

WL x DLF 4600 x 1.35
Lifting Ring Load, Pr= - = 2070 kg

nr 3

Ring Working Load Limit, Pr,,max= 3000 kg (Ref. 3.11)

Factor of Safety, FS = Pr,max = 3000 = 1.45 > 1.0

Pr 2070

Primary Lid Metal Tear-out Stresses

The primary lid is manufactured from ASTM A240 Type 304L material. (Ref. 3.11) This
material is weaker than the M20 lifting ring material (ASTM A-354 Gr. BD), so failure
will occur at the root of the primary lid material threads. The minimum required thread
engagement length that prevents primary lid material failure is determined using the
equation below. This equation is developed from the engagement length equation in
Formula I from the Machinery's Handbook (Ref. 3.14 page 1490) and the internal
thread stripping reduction, J, of Formula 3 and Formula 4 (pages 1490 and 1491) which
apply when the internal thread material is weaker than the external thread material of
the bolt.

Minimum Engagement Length, Le

Sbt X 2 x Ab

SLt x 7r x n x Ds,min x [2 - + 0.57735 x (Ds,min - En,max)]

Where:

Sbt = Bolt external thread tensile strength, psi

Ab = Stress area of bolt external threads, in 2

SLt = Primary Lid internal thread tensile strength, psi

n = Number of threads per inch

Dsjmin = Minimum major bolt diameter, in

En,max = Maximum pitch diameter of internal thread, in

The tensile strength of the primary lid and M20 bolt materials is the Ultimate Strength of
the materials as given in Table 1. The constants in the equation assume customary
unitsi so the metric units are converted.

Sbt = 1030 MPa = 150,000 psi (Table 1)

Ab = 245.0 mm2 = 0.38 in2  (Ref. 3.17)

SLU = 470 MPa = 69,000 psi (Table 1)

p = Thread Pitch = 2.5 mm = 0.098 in (Ref. 3.17)
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n . 10.16 Threads per inchp 0.098

Ds,min = 19.623 mm = 0.773 in (Ref. 3.18, Table 14)

E,.,tx = 17.744 mm = 0.699 in (Ref. 3.18, Table 15)

Using the equation for Minimum Engagement Length, Le,

Le = 150,000 x 2 x 0.38 = 0.73 in
69,000 x rr x 10.16 x 0.773 x 2 x 10.16 + 0.57735 x (0.773 - 0.699)

18.5 mm

Provided Engagement Length, Lep = 32.0 mm (Appendix 2 Part 07730-20)
Lep _32.013 1.

Factor of Safety, FS =. .0 1.73 > 1.0-Le =18_.5

Therefore, it is concluded that the RT-100 primary lid lifting rings are acceptable for the
applied loads during the required lifting activities.

7.4 Secondary Lid Lifting Evaluation

The secondary lid can be lifted separately from the rest of the cask by the three
removable M20 lifting rings described in Reference 3.11. The primary and secondary
lids can be lifted together or independently, as needed. The combined primary and
secondary lid are evaluated for lifting in Section 7.3, so this evaluation is only
considering the lifting of the secondary lid. The secondary lid is evaluated for the
working load limit in the lifting rings and for the tear-out stresses in the lid from lifting
activities. The lifting rings for the secondary lid can only be used when the cask lid is
separated from the cask body.

Secondary Lid Design Information

Secondary Lid Weight, WSL = 857 kg, use 900 kg (Design Input 5.5)

Number of Lifting Rings, nr = 3 (Ref. 3.11)

Dynamic Load Factor, DLF = 1.35 (Assumption 4.4)

Liftinq Ring Working Loads

The lifting rings on the secondary lid are only used for lifting when the lid is detached
from the cask and are rendered inoperable by removing the rings from the lid when the
cask is assembled. The rings are therefore not considered to be a structural part of the
package and do not need to be designed for the factor of safety against yielding
(Design Input 5.6).

WSL x DLF 900 x 1.35
Lifting Ring Load, Pr = =- = 405 kg

nr 3

Ring Working Load Limit, Pr, ma., = 3000 kg (Ref. 3.11)

Factor of Safety, FS = Pr,max = 3000 = 7.4 > 1.0
Pr 405
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Secondary Lid Metal Tear-out Stresses

The secondary lid may be manufactured from either ASTM A240 Dual Certified Type
304/304L material or from ASTM SA-240 304L. (Ref. 3.11) Both of these materials are
weaker than the M20 lifting ring material (ASTM A-354 Gr. BD), so failure will occur at
the root of the secondary lid material threads. Since the ASTM SA-240 304L is the
weaker of the two materials, it will be used as the material in the following calculations.
The minimum required thread engagement length that prevents secondary lid material
failure is determined using the equation below. This equation is developed from the
engagement length equation in Formula 1 from the Machinery's Handbook (Ref. 3.14
page 1490) and the internal thread stripping reduction, J, of Formula 3 and Formula 4
(pages 1490 and 1491) which apply when the internal thread material is weaker than
the external thread material of the bolt.

Minimum Engagement Length, Le
Sbt x 2 x Ab

SLt x 1 x n x Dsmin x[• "J+O 0.57735 x (Ds,min - Enmiax)]

Where:

Sbt = Bolt external thread tensile strength, psi

Ab = Stress area of bolt external threads, in2

SLt = Secondary lid internal thread tensile strength, psi

n = Number of threads per inch

Dsmin = Minimum major bolt diameter, in

En,m.. = Maximum pitch diameter of internal thread, in

The tensile strength of the secondary lid and M20 bolt materials is the Ultimate
Strength of the materials as given in Table 1. The constants in the equation assume
customary units, so the metric units are converted.

Sht = 1030 MPa = 150,000 psi (Table 1)

Ab = 245.0 mm2 = 0.38 in' (Ref. 3.17)

SUt = 470 MPa = 69,000 psi (Table 1)

p = Thread Pitch = 2.5 mm = 0.098 in (Ref. 3.17)

1 1n = - = 10.16 Threads per inchp 0.098

Ds,i,,n = 19.623 mm = 0.773 in (Ref. 3.18, Table 14)

Enmax = 17.744 mm = 0.699 in (Ref. 3.18, Table 15)

Using the equation for Minimum Engagement Length, Le,

Le = 150,000 x 2 x 0.38 0.73 in

69,000 x 1T x 10.16 x 0.773 x 1 + 0.57735 x (0.773 - 0.699)

= 18.5 mm
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Provided Engagement Length, Lep = 32.0 mm (Appendix 2 Part 07730-20)

Lep 32.0Factor of Safety, FS - = 1.73 > 1.0e Le 18.5

Therefore, it is concluded that the RT-100 secondary lid lifting rings are acceptable for

the applied loads during the required lifting activities.

7.5 Upper Impact Limiter Lifting Evaluation

The upper impact limiter can be lifted separately from the rest of the cask by the three
removable M20 lifting rings described in Reference 3.11. The upper impact limiter is
evaluated for the working load limit in the lifting rings and for tear-out stresses in the
impact limiter from the lifting activities. The lifting rings for the impact limiter can only
be used when the impact limiter is separated from the cask body.

Upper Impact Limiter Design Information

Impact Limiter Weight, Wu = 2541 kg, use 2,700 kg (Design Input 5.2)

Number of Lifting Rings, nr = 3 (Ref. 3.11)

Dynamic Load Factor, DLF - 1.35 (Assumption 4.4)

Lifting Ring Working Loads

The lifting rings on the upper impact limiter are only used for lifting when the impact
limiter is detached from the cask body, and are rendered inoperable by removing the
rings from the impact limiter when the cask is assembled. The rings are therefore not
considered to be a structural part of the package and do not need to be designed for
the factor of safety against yielding (Design Input 5.6).

WUL x DLF 2700 x 1.35
Lifting Ring Load, Pr = = = 1215 kg

nr 3

Ring Working Load Limit, Pr, m. = 3000 kg (Ref. 3.11)
Factor of Safety, FS = rmax - 3000= 2.47 > 1.0

Pr 1215

Upper Impact Limiter Metal Tear-out Stresses

The upper impact limiter is manufactured from ASTM A240 Type 304L material.
(Ref. 3.11) This material is weaker than the M20 lifting ring material (ASTM A-354
Gr. BD), so failure will occur at the root of the upper impact limiter material threads.
The minimum required thread engagement length that prevents upper impact limiter
material failure is determined using the equation below. This equation is developed
from the engagement length equation in Formula 1 from the Machinery's Handbook
(Ref. 3.14 page 1490) and the internal thread stripping reduction, J, of Formula 3 and
Formula 4 (pages 1490 and 1491) which apply when the internal thread material is
weaker than the external thread material of the bolt.

Minimum Engagement Length, Le
Sbt x 2x Ab

SLt X 7 X n x Ds,min x [ n+ 0.57735 x (Dsmin - En,max)]
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Where:

Sbt = Bolt external thread tensile strength, psi

Ab = Stress area of bolt external threads, in2

SLt = Upper impact limiter internal thread tensile strength, psi

n = Number of threads per inch

Ds,mJn = Minimum major bolt diameter, in

En,max = Maximum pitch diameter of internal thread, in

The tensile strength of the upper impact limiter and M20 bolt materials is the Ultimate
Strength of the materials as given in Table 1. The constants in the equation assume
customary units, so the metric units are converted.

Sbt = 1030 MPa = 150,000 psi (Table 1)

Ab = 245.0 mm' = 0.38 in2  (Ref. 3.17)

SLL = 470 MPa = 69,000 psi (Table 1)

p = Thread Pitch = 2.5 mm = 0.098 in (Ref. 3.17)

1 _1

n = - = 10.16 Threads per inchp 0.098

Ds,min = 19.623 mm = 0.773 in (Ref. 3.18, Table 14)

E,,,m = 17.744 mm = 0.699 in (Ref. 3.18, Table 15)

Using the equation for Minimum Engagement Length, Le,

Le = 150,000 x 2 x 0.38 0.73 in

69,000 x T x 10.16 x 0.773 x 2 x 10.16 + 0.57735 x (0.773 - 0.699)

= 18.5 mm

Provided Engagement Length, Lep = 32.0 mm (Appendix 2 Part 07730-20)
Lep _ 32.0

Factor of Safety, FS =. . = 1.73 > 1.0
Le 18.5

Therefore, it is concluded that the RT-100 upper impact limiter lifting rings are
acceptable for the applied loads during the required lifting activities.

7.6 Lower Impact Limiter Lifting Evaluation

The lower impact limiter can be lifted separately from the rest of the cask by the use of
three of the twelve M36 bolts, evenly spaced around the perimeter of the lower impact
limiter, shown in Reference 3.6. The lower impact limiter is evaluated for the bolt
stresses and for tear-out stresses in the lower impact limiter from the lifting activities.
The bolts can only be used for lifting when the impact limiter is separated from the cask
body.

Lower Impact Limiter Design Information

Lower Impact Limiter Weight, WLL = 2448 kg, use 2600 kg (Design Input 5.3)
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Number of Lifting Bolts, nb = 3

Gravitational Acceleration, g = 9.81 m/s 2  (Design Input 5.8)

Dynamic Load Factor, DLF = 1.35 (Assumption 4.4)

Bolt Stresses

The bolts on the lower impact limiter are only used for lifting when the lower impact
limiter is detached from the cask body, and are rendered inoperable by securing them
to the cask body as part of the assembled cask. The bolts are therefore not considered
to be a structural part of the package with respect to lifting and do not need to be
designed for the factor of safety against yielding (Design Input 5.6). Since the
arrangement of the cables or straps used to lift the lower impact limiter may vary, the
total lifting load is conservatively considered simultaneously in the vertical and
horizontal directions.

WLL x DLF x g 2600 x 1.35 x 9.81
Bolt Tension, T = = = 11477.7 Nnb 3

WLL x DLF x g 2600 x 1.35 x 9.81
Bolt Shear, V = = = 11477.7 Nnb 3

Bolt Stress Area, Ab = 817.0 mm 2 = 0.000817 m 2  (Ref. 3.17)

T 11477.7 kN
Bolt Tensile Stress, o1 = - 0.000817 1000= 14048.6- = 14.0 MPa

Ab 0.087x10 2

V 11477.7 kN
Bolt Shear Stress, T = - 0.000817 = 14048.6- 14.0 MPa

Maximum Principal Stress, up, = -x a1 + 1o• + 4 x "T2 (Ref. 3.19)

= 2. x [14.0 + V14.0 2 + 4 x 14.0 2J = 22.7 MPa
2

11

Maximum Principal Stress, 0 p2 = x [ai - •/a• + 4 x t2] (Ref. 3.19)

2 x [14.0 - 1•4.02+ 4 x 14.02] = -8.7 MPa

Maximum Shear Stress, Tniax = ______ - 22.7-(-8.7) (Ref. 3.19)
2 2

- 15.7 MPa

Bolt Yield Stress Sy = 896 MPa (Table 1)

Allowable Shear Stress, Sa = 0.6 x Sy = 0.6 * 896 = 537.6 MPa

SE 537.6Factor of Safety, FS = - 53.6= 34.2 > 3.0

Tmax 15.7

Lower Impact Limiter Metal Tear-out Stresses

The lower impact limiter is manufactured from ASTM A240 Type 304L material.
(Ref. 3.11) This material is weaker than the M36 bolt material (ASTM A-354 Gr. BD),
so failure will occur at the root of the lower impact limiter material threads. The
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minimum required thread engagement length that prevents lower impact limiter material
failure is determined using the equation below. This equation is developed from the
engagement length equation in Formula 1 from the Machinery's Handbook (Ref. 3.14
page 1490) and the internal thread stripping reduction, J, of Formula 3 and Formula 4
(pages 1490 and 1491) which apply when the internal thread material is weaker than
the external thread material of the bolt.

Minimum Engagement Length, Le
Sbt x 2 x Ab

SLt X 1 X X Ds,min) [2 1 + 0.57735 x (Dsmin - En,max)]

Where:

Sbt = Bolt external thread tensile strength, psi

Ah = Stress area of bolt external threads, in 2

SLt = Lower impact limiter internal thread tensile strength, psi

n = Number of threads per inch

D,,m,,i = Minimum major bolt diameter, in

Enmax = Maximum pitch diameter of internal thread, in

The tensile strength of the lower impact limiter and M36 bolt materials is the Ultimate
Strength of the materials as given in Table 1. The constants in the equation assume
customary units, so the metric units are converted.

Sbt = 1,030 MPa = 150,000 psi (Table 1)

Ab = 817.0 mm 2 = 1.27 in2  (Ref. 3.17)

Sat = 470 MPa = 69,000 psi (Table 1)

p = Thread Pitch = 4.00 mm = 0.157 in (Ref. 3.17)

n = - = 6.35 Threads per inch
p 0.157

Ds,min = 35.465 mm = 1.396 in (Ref. 3.18, Table 14)

Enmax - 33.342 mm = 1.313 in (Ref. 3.18, Table 15)

Using the equation for Minimum Engagement Length, Le,

Le = 150,000 x 2 x 1.27 1.56 in

69,000 x T x 6.35 x 1.396 x 2 x 6.3 + 0.57735 x (1.396 - 1.313)

= 39.5 mm

Provided Engagement Length, Lep = 75.0 mm (Ref. 3.6)

Lep 75.0
Factor of Safety, FS = - = . = 1.90 > 1.0

Therefore, it is concluded that the RT-100 lower impact limiter bolts are acceptable for
the applied loads during the required lifting activities.
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7.7 Assembled Cask Lifting Evaluation

The cask is lifted by using the two lifting pockets that are welded to the cask exterior
sidewall on opposite sides of the cask body. The assembled and loaded cask is lifted
with the upper impact limiter removed to accommodate the connection between the lift
yoke and the lifting pockets. The cask lifting load is the total weight of the fully
assembled cask, including the payload, but with the upper impact limiter load removed.
The upper impact limiter is lifted separately (Section 7.5). The lifting pockets are
evaluated for the tear-out stress, bearing stress, and weld stress due to the required
lifting activities. The lifting pockets are also evaluated for pure shear stress as
described in ASME Section III Subsection NF.

Liftinq Pocket Design Information

The lifting pockets are manufactured from blocks of ASTM A240 Dual Certified Type
304/304L stainless steel that are welded to opposite sides of the outer shell of the cask
body, also manufactured from ASTM A240 Dual Certified Type 304/304L stainless
steel. The weld material is SA-479 Grade ER308 UNS S30880. Of these two
materials, the lifting pockets and cask outer shell are manufactured from the weaker
material; therefore the lifting pockets are the subject of the following evaluations. The
welds extend down both sides and along the bottom of the lifting pockets, forming a "U"
shape. The lifting pockets have a cutout that allows the lifting yoke to pass downward
and through the lifting pocket. The connection is completed with a rectangular shaped
retaining pin that is inserted through cutouts in both the lifting pocket and the lifting
yoke. Figure 1 provides the configuration and dimensions of the lifting pockets and
shows the cutouts for the lifting yoke and retaining pin.

Total Cask Lifting Weight, W = 39,500 kg (Section 7.1)

Number of Lifting Pockets, np= 2 (Ref. 3.8)

Gravitational Acceleration, g = 9.81 m/s 2  (Design Input 5.8)

Dynamic Load Factor, DLF = 1.35 (Assumption 4.4)

Vertical Shear Load, P = x DLF x g 39500 x 1.35 x 9.81 lkN
np 2 1000 N

= 261.6 kN per pocket

304/304L Yield Strength, SyL, = 199 MPa (Table 1)

304/304L Ultimate Tensile Strength, SuL = 511 MPa (Table 1)

Yielding Factor of Safety, fsy = 3 (Design Input 5.6)

Ultimate Factor of Safety, fu = 5 (Design Input 5.6)

The critical dimensions for the weld evaluation are as follows. These dimensions
ignore the dimensions of the welds.

Lifting Pocket Length, Lp = 191 mm = 0.191 m (Figure 1)

Lifting Pocket Edge Distance, dp = 55 mm = 0.055 m (Figure 1)

Lifting Pocket Eye Length, Le = 84 mm = 0.084 m (Figure 1)
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Retaining Pin Dimensions, Wp = 60 mm (Ref. 3.9)

The "eye" refers to the rectangular cutout in the lifting pocket for the retaining pin and
the eye length is the vertical height of the eye. The lifting pocket length is the distance
from the horizontal centerline of the retaining pin eye to the top of the lifting pocket.
The lifting pocket edge distance refers to the vertical height of the recessed cap on the
lifting pocket.

=20= 2149

II ý "

o I ¢
01

0=30G

AAý llllý YG110,5

Figure 1. Lifting pocket with cutout for lifting yoke and retaining pin (Ref. 3.3)

Liftinq Pocket Tear-out Stresses

The lifting pockets are used for lifting the assembled and loaded cask body, without the
upper impact limiter, and are rendered inoperable by removing the lifting attachment
from the lifting pocket during transport. The lifting pockets are considered to be a
structural part of the package with respect to lifting and shall be designed for the factor
of safety against yielding and ultimate stresses (Design Input 5.6). A lifting yoke is
used to lift the assembled cask body and to ensure that the lifting straps or cables
remain parallel to the body of the cask during lifting operations. (Assumption 4.2) The
tear-out stresses for the lifting pocket retaining pin hole are as follows:

The critical tear-out area for each cask lifting pocket is determined from Reference 3.3.
Le 0.084

Lifting Eye Tear- out distance, dto = Lp - d -- Le = 0.191 - 0.055 - 2

= 0.0940 m

Lifting Pocket Thickness, tp == 110.5 - 40 = 70.5 mm = 0.071 m

Lifting Eye Tear- out Area, At, = dto x tp = 0.0940 x 0.071 = 0.00663 m2

The tear-out stresses for the lifting pocket are calculated:
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Pv 261.6 kN
Nominal Tear - out Stress, Tto P A 26.6 19734--- = 19.7 MPa

2 x At, 2 x 0.00663 2

Allowable Yield Stress, ay = 0.6 x SYL = 119 MPa (Table 1)

Allowable Ultimate Stress, a, = 0.6 x SuL = 307 MPa (Table 1)

Cry 119
Yield Factor of Safety, FS = - = - = 6.05 > 3.0

1 to 19.7

Ultimate Factor of Safety, FS = = = 15.54 > 5.0
Tto 19.7

Liftinq Pocket Bearing Stresses

The bearing stress in the lifting pocket from the yoke retaining pin is calculated as
follows. The acceptance criterion for the pocket bearing stress is yield for loads in
bearing. The factor of safety for these calculations is 1.0.

Lifting Pocket Bearing Area, Ab = WP x tp = 0.06 x 0.071 = 0.00423 m 2

P, 261.6 kN
Nominal Bearing Stress, Tb = A- 0.00423 = 61834- = 61.8 MPa

Allowable Yield Stress,Ty = SyL 199 MPa (Table 1)

Allowable Ultimate Stress, TAu = SuL = 511 MPa (Table 1)
Sy199

Yield Factor of Safety, FS = --= 3.22 > 1.0
Tb 61.8

TAu 511
Ultimate Factor of Safety, FS = -U -5 = 8.26 > 1.0T

b 61.8

Lifting Pocket Weld Stresses

The stresses in the welds attaching the lifting pocket to the cask outer shell are found
by applying the shear load from the lifting pockets to the weld around the perimeter of
the plate. Based on the safety factors for the lifting pocket, yielding will control the weld
evaluation.

Weld Lifting Load, P, = P, = 261.6 kN

Cask Yield Strength, SyL = 199 MPa (Table 1)

Cask Ultimate Strength, SuL = 511 MPa (Table 1)

Weld Yield Strength, Swy = 205 MPa (Table 1)

Weld Ultimate Strength, S,, = 515 MPa (Table 1)

Conservatively, the upper section of the pocket is considered to take the full lifting load.
The lifting pocket is seal welded to and bears upon the cask bolting ring. The lifting
load is therefore shared between the lifting pocket weld and the bolting ring.
Conservatively, the full load is considered to be taken by the lifting pocket weld only.

The stresses in the welds attaching the lifting pocket to the cask outer shell are found
by applying the shear load from the lifting pockets to the weld around the perimeter of
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the lifting pocket. Based on the safety factors for the lifting pocket, yielding controls the
weld evaluation. The welds on the lifting pockets are evaluated as a line force on the
weld as described in Reference 3.12 (pages 7.4-6 and 7, Tables 4 and 5). Since the
cask is lifted using a yoke that maintains the force in a vertical direction, there are no
bending or twisting loads, so the section Modulus and the polar moment of inertia are
zero and can be ignored.

Lifting Pocket Weld Desigqn Features (Ref. 3.8)

Refer to Figure 2 for the related dimensions for the lift pocket weld.

Length of horizontal weld, b = 0.28 m

Length of vertical weld, d = 0.20 m

Length of weld, Aw = b + 2d = 0.68 m

Y

Y
Cy

<b X
Local Coordinates

Figure 2. Weld Dimensions

Refer to Figure 3 for a description of the weld throat size and base metal thickness.
The calculation uses the smaller of the weld size or the base metal thickness.

Weld Throat Size, T, = 0.015 mn (Figure 3) (Ref. 3.10)
Base Metal (Cask Wall) Thickness, Tc = 0.035 mn

IE Base Metal Thickness

Weld Throat Size

Figure 3. Weld Throat

Loading at center of pattern (using local coordinate previously defined)

Fy = 261.6 kN

The force on the weld is calculated as follows:
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SF=y = 261.6 kN

SAw 0.68 m384.71-m

Weld Allowable Yield Stress, Twya = 0.6 X.Swy x Tw x 1000

= 0.6 x 205 x 0.015 x 1000 = 1845 kN/m

Weld Allowable Ultimate Stress, Twua = 0.6 x Swu x Tw x 1000
- 0.6 x 515 x 0.015 x 1000 = 4635 kN/m

0.6 x SyL x T, x 1000 0.6 x 199 x 0.035 x 1000
Cask Allowable Yield Stress, TyaL = 0.7071 0.7071

= 5910 kN/m
0.6 x SuL x Tc x 1000

Cask Allowable Ultimate Stress, TuaL = 1.07
0.7071

0.6 x 511 x 0.035 x 1000

0.7071 = 15,176 kN/m

Tw/ya _1845

FS for Weld Yield Stress - = - - = 4.80 > 3.0
fw 384.71

FS for Weld Ultimate Stress = Tw.. 12.05 > 5.0

f. 384.71

TyaL _5910

FS for Cask Yield Stress - y - 3 = 15.36> 3.0fw 384.71

TuaL 15,176
FS for Cask Ultimate Stress =- = -- 3 = 39.45 > 5.0

fw 384.71

Lifting Pocket Average Pure Shear

The lifting pocket average pure shear is evaluated in accordance with ASME Section III
Subsection NF Subparagraph 3223.2 and is limited to 0.6 S,. The factor of safety is
determined by comparing the pure shear to the lifting pocket tear out stress. For the
lifting pocket weld evaluation, the average pure shear is evaluated as follows.

Cask Membrane Strength, Sm = 115 MPa (Table 1)

Cask Allowable Pure Shear, Sap = 0.6 X Sm = 0.6 X 115 = 69.0 MPa

FS for Cask Pure Shear = Lap = 69.0

Tto - 19.7 3.50> 1.0 cask pure shear is OK

Summary of Results

Table 2 provides a summary of the Factors of Safety for each of the lifting conditions
that are evaluated for the assembled cask. The table shows that all of the lifting
conditions meet the required factor of safety: greater than 3.0 against yield and greater
than 5.0 against ultimate stress for the tear out and weld stresses and a greater than
1.0 for the bearing stresses and average pure shear.
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Table 2. Summary of results for lifting assembled cask

Factor of Safety

Lifting Condition Evaluated Yield Ultimate
______________________ (>3) (>5)

Lifting Pocket Tear-out Stresses 6.05 15.54

Lifting Pocket Weld Stresses: Weld 4.80 12.05

Lifting Pocket Weld Stresses: Cask 15.36 39.45

Factor of Safety
(>1)

Lifting Pocket Bearing Stresses 3.22 8.26

Lifting Pocket Average Pure Shear 3.50

7.8 Failure of Cask Lifting Pockets Under Excessive Loads

The lifting pocket has a factor of safety of 7.4 against yield for lifting eye tear-out and
4.80 against yield for weld failure (Section 7.7). Under excessive load, the first
component to reach yield would be the weld attaching the lifting pocket to the cask
body. As the weld starts to deform, the pocket would become engaged under the
impact limiter attachment ring, providing additional support. The next stress to exceed
yield would be the tear out stress in the lifting pocket, causing the lifting yoke and pin to
tear free of the cask. This scenario would not impair the ability of the cask to perform
its function.

Therefore, the RT-100 cask meets the excessive load requirements of Section 71.45(a) of
Reference 3.1.



CALC. NO. RTL-001-CALC-ST-0201

I• EENERCON CALCULATION CONTROL SHEET REV. 4
Excele..... project. Every day (Appendix 1)

PAGE NO. 1 of 1

Appendix I

DELETED



CALC. NO. RTL-OO1-CALC-ST-0201

C) ENERCON CALCULATION CONTROL SHEET REV. 4
Excelnc .... .v ,y project Everyday (A p p e n d ix 2 )

PAGE NO. 1 of 2

Appendix 2

Lifting Ring Design Information
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44,5

57,2

57.2

76,2

474
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Lifting Pin Design Dimensions
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Rick Van Galder

From: Christopher Dane <odane@robatehtechcom>
Sent: Friday. September 13, 2013 8:29 AM
To: Curt Uindner
Cc: JF.Damorn - ROBATEL
Subject: RE: lifing calculation

Curt,

The dimens'ons ofthe pin are the ones sent for the ctlculat'on R4 (6C x 8CI and the pin draw'ng revis'on is one revision
up
-02885 r• C. 31 14-C':-B
Wlhatever the revision was, 'I is one rev up.

BR
Chris

From: ChriWWea Dane [mailta:cdane1&robab4tbc.com]
Sent: Wednesday, September 11, 2D13 10:02 AM
To: alargstbrvdiusa.com
Cc: clinaien~esieron.corn
Subject: liftng calculaliona
Impoetanoe: High

Please find attached for review

BR

Christopher Dane

Engineering Manager

Robotel Techno)ogles ILC

v: 540.989.2878 xl005
m: 540.S25.9522

Arj : n•n.r L:> I Jn. . ur'J'i x I =i J'u ririlirniL Ii, =o ii

[htIs EPMA]L eim Irs .tii.inLwii mWIA.NRI RaRTEL TIOCHNLMi25i LLC famENEss PROURITMA" EmrINroiSrA mico, is PRIVILEGED, COIFIDEhTIALJ *MEc
sLuIimci 10 PhreNT oTEMC1 *LIPE 10 RADoEL 010m1 r1 1.LENi. •T•hI EN iL 15 I NTEO 5L-3L1L %1 | SOLELY PM TIlE ME A liltM rIMiL OR EITT 10 IMuC
IT 15 WMISE•). It ru. ill CT niTHE RYECI 'IEPrIeT oF THIS L-.UL, C11 H-L MLOTYE I OAET SiýlIBL TI FO DEL[WRTNhG 1141, t-%,L 10 (m 5IMI100B

*&STSEINT, YOU ME NOEEBY CUTSIED THIN AM 0tS5E11is0rnOimiE lIWmi tzt mO~hS IN 1fl235 TURNt IN REILAYSS It> THE c2I~nY Fir 3WAS I6TTACIWNT r3
rigs IE-%L is55 SfICTLY PI9011BIBTE~j PAY BE UJNLAWdFUL MI SILL HE ýUnt. IF T. utwt I5ALW31 TRElls E-m WiL24IWN tý PLZflE SlARMIY TIE StNOE
uIpESmYLLY AN RE•EIBASNTLY ITr rTH mim1EA AMS ANY CMOT 0 TIls L-VML AM Srl ,IW`lCI•5,
"Ilme O•,.

I


