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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 lifing 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 lll, 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

41.

42

43.

44.

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.

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.

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.

A Dynamic Load Factor (DLF) of 1.35 is applied to the lift forces that act on the
cask components during movement. ANS| 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.

5.2.
5.3.
54.
5.5.
5.6.

5.7.

5.8.

The maximum weight of the fully assembled, loaded cask is 41,500 kg (91,492 Ibs)
(Ref. 3.2).

The nominal weight of the upper impact limiter is 2541 kg (5602 Ibs) (Ref. 3.2).
The nominal weight of the lower impact limiter is 2448 kg (5397 Ibs) (Ref. 3.2).
The nominal weight of the primary lid is 3648 kg (8042 Ibs) (Ref. 3.2).

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

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.

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)).

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

Strength (MPa) "
Material T(e:g)p Yield Ultimate l;ll\:elmbrane
(Sy) (Su) Owable
(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
I IO I B
Type 304L
(primary and secondary lid, 65 157 463 15
upper and lower impact limiters 100 146 452 115
outer shells) 150 132 421 115
200 121 406 110
250 114 398 103
-30 896 1030 299 = 28y/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 -30to 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 I, 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 0.6S,,.

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 0.8S,,. 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)-1 and NF-
3622(b)-1.
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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), Wec = 41,500 kg {(Design Input 5.1)
Upper Impact Limiter Weight, Wy, = 2541 kg (Design Input 5.2)
Total Lifting Weight, W = W, - Wy_ = 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, W, = 3648 kg (Design Input 5.4)
Secondary Lid Weight, Ws. = 857 kg (Design Input 5.5)
Total Lid Lifting Weight, W, = Wp, + W, = 4505 kg, use 4,600 kg

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

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).

W, x DLF _ 4600 x 1.35

Lifting Ring Load, P.= =2070kg
n. 3
Ring Working Load Limit, P, ;o = 3000 kg (Ref. 3.11)
P 3000
Factor of Safety, FS = L;:a-i = So7g = 145 > 10

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 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, L,

Spe X 2 X Ap

SLe X X N X Dgin X [7>1<_n +0.57735 X (Dgmin — En,max)]

Where:

Spt = Bolt external thread tensile strength, psi

Ap = Stress area of bolt external threads, in2

Sic = Primary Lid internal thread tensile strength, psi

n = Number of threads per inch

Ds,min = Minimum major bolt diameter, in

Enmax = 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
units; so the metric units are converted.

Swt = 1030 MPa = 150,000 psi (Table 1)
Ap =245.0 mm? = 0.38in? (Ref. 3.17)
Su =470 MPa = 69,000 psi (Table 1)

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




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

E3 ENERCON | CALCULATION CONTROL SHEET | REV.5

Excellence—Every project Every day
PAGE NO. 15 of 26

n=1=_—__=10.16 Threads perinch

p 0.098
Dsmin = 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, L.,
150,000 x 2 x 0.38

Le = 1 = 0.73in
69,000 x ™ x 10.16 X 0.773 x [m +0.57735 % (0.773 — 0.699)]
= 18.5 mm
Provided Engagement Length, L, = 32.0 mm (Appendix 2 Part 07730-20)
Factor of Safety, FS = E‘i:@: 1.73 > 1.0
’ Le 1B5 ' )

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, Ws. = 857 kg, use 900 kg (Design Input 5.5)
Number of Lifting Rings, n, = 3 (Ref. 3.11)
Dynamic Load Factor, DLF = 1.35 (Assumption 4.4)

Lifting 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).

Wg, x DLF 900 x 1.35
n, - 3
Ring Working Load Limit, Py, max = 3000 kg (Ref. 3.11)

Prmax _ 3000

=Z__~=74>10
P, 205

Lifting Ring Load, P, = = 405 kg

Factor of Safety, FS =
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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, L,

Spe X X 1 X Dy i X [ﬁ +0.57735 X (Dgmin — Enmax)]

Where:

Swt = Bolt external thread tensile strength, psi

Ap = Stress area of bolt external threads, in2

Si: = Secondary lid internal thread tensile strength, psi

n = Number of threads per inch

Dsmin = Minimum major bolt diameter, in

Enmax = 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.

Swt = 1030 MPa = 150,000 psi (Table 1)
Ap =245.0 mm?=0.38in? (Ref. 3.17)
Su =470 MPa = 69,000 psi (Table 1)
p = Thread Pitch = 2.5 mm = 0.098 in (Ref. 3.17)
n= % = ﬁ = 10.16 Threads perinch

Dsmin = 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, L.,
150,000 x 2 x 0.38

L, =
+0.57735 x (0.773 — 0.699)]

69,000 x T x 10.16 X 0.773 %
= 18.5 mm

=0.73in

[r>toms
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Provided Engagement Length, L, = 32.0 mm (Appendix 2 Part 07730-20)
Factor of Safety, FS = —% = 220 _ 173 > 1.0
actor of Safety, FS = L, "85 ' .

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 he 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, Wy, = 2541 kg, use 2,700 kg (Design Input 5.2)
Number of Lifting Rings, n, = 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).

Wy x DLF 2700 x 1.35

Lifting Ring Load, P, = = 1215 kg
n, 3
Ring Working Load Limit, Pr, max = 3000 kg (Ref. 3.11)
Prmax 3000
- FS= —— = —— =247 > 1.
Factor of Safety, FS P, 15 247 > 1.0

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 Formuia 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, L,
Sbt X 2% Ab

1
Ste X 7% 0 X Dymin X [55c5; + 0-57735 X (Dgmin — Enmax)|
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Where:
St = Bolt external thread tensile strength, psi
Ap = Stress area of bolt external threads, in2
St = Upper impact limiter internal thread tensile strength, psi
n = Number of threads per inch
Dsmin = Minimum major bolt diameter, in
Enmax = 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.

Sot = 1030 MPa = 150,000 psi (Table 1)
Ap =245.0 mm? = 0.38 in? (Ref. 3.17)
S = 470 MPa = 69,000 psi (Table 1)
p = Thread Pitch = 2.5 mm = 0.098 in (Ref. 3.17)
n= % = ﬁ = 10.16 Threads per inch

Dsmin = 19.623 mm = 0.773 in (Ref. 3.18, Table 14)
Eimax = 17.744 mm = 0.699 in (Ref. 3.18, Table 15)

Using the equation for Minimum Engagement Length, L.,

150,000 x 2 x 0.38
Le = =0.73in

69,000 X 7 x 10.16 X 0.773 x |75 + 0.57735 x (0.773 — 0.699)]
= 18.5mm
Provided Engagement Length, Le, = 32.0 mm (Appendix 2 Part 07730-20)
Factor of Safety, FS = -I:SP- = ﬂ =173 >1.0
Lo 185

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, Wi = 2448 kg, use 2600 kg (Design Input 5.3)
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Number of Lifting Bolts, n, = 3

Gravitational Acceleration, g = 9.81 m/s? (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.

WL xDLFxg 2600 x 1.35 x 9.81

Bolt Tension, T = = 11477.7N
Ny 3
WL, XDLFxg 2600 x 1.35x9.81
Bolt Shear,V = = =11477.7N
Ny 3

Bolt Stress Area, A, = 817.0 mm? = 0.000817 m? (Ref. 3.17)
Bolt Tensile St L 114777 = 140486kN = 14.0 MP

Ot TensHe SHess, 01 = A= = 0.000817 x 1000 Omz = e
Bolt Shear St = — = 114777 = 14048 6kN = 14.0 MP

O Snear eSS, T = A, = 0.000817 x 1000 Oz~ oM
Maximum Principal Stress, 0, = %x [01 + o +4x 1‘2] (Ref. 3.19)
= >x [14.0 + V1407 + 4 x 14.02] = 22.7 MPa
Maximum Principal Stress, 6, = -;-x [01 —Joi+4x ‘rz] (Ref. 3.19)

1
= o x [14.0 - V1402 + 4x 14.02| = —8.7 MPa

Gp1—Opz __ 22.7-(-8.7)

Maximum Shear Stress, Tyax = > > (Ref. 3.19)
= 15.7 MPa

Bolt Yield Stress S, = 896 MPa (Table 1)
Allowable Shear Stress, S; = 0.6 X Sy, = 0.6 * 896 = 537.6 MPa

Factor of Safety, FS = Sa = 5376 =342 > 30

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, L,
Sbt X 2 X Ab

1
Spe X X N X Dg min X [m'i’ 0.57735 x (Ds,min - En,max)]

Where:
Sw = Bolt external thread tensile strength, psi
An = Stress area of bolt external threads, in2
Si.t = Lower impact limiter internal thread tensile strength, psi
n = Number of threads per inch
Ds,min = 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.

Ste = 1,030 MPa = 150,000 psi (Table 1)
Ay =817.0 mm? = 1.27 in? (Ref. 3.17)
S« = 470 MPa = 69,000 psi (Table 1)
p = Thread Pitch = 4.00 mm = 0.157 in (Ref. 3.17)
n= % = ﬁ = 6.35 Threads per inch

Dsmin = 35.465 mm = 1.396 in (Ref. 3.18, Table 14)
Enmax = 33.342mm = 1313 in (Ref. 3.18, Table 15)

Using the equation for Minimum Engagement Length, L.,
150,000 x 2 x 1.27

L, = - = 156in
69,000 X T X 6.35 X 1.396 X [Zx—6.35 +0.57735 x (1.396 — 1.313)]
=39.5mm
Provided Engagement Length, Lep = 75.0 mm (Ref. 3.6)
Factor of Safety, FS = Lﬂ = 75—0 =190 >1.0
L. 395

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
liting activities. The lifting pockets are also evaluated for pure shear stress as
described in ASME Section lll Subsection NF.

Lifting 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
Number of Lifting Pockets, n, = 2 (Ref. 3.8)
Gravitational Acceleration, g = 9.81 m/s?

Dynamic Load Factor, DLF = 1.35

(Section 7.1)

(Design Input 5.8)

W x DLF xg 39500 x 1.35 x 9.81 1kN

Vertical Shear Load, P, = >

= 261.6 kN per :ocket
304/304L Yield Strength, Sy, = 199 MPa
304/304L Ultimate Tensile Strength, S,;;, = 511 MPa
Yielding Factor of Safety, fs, = 3
Ultimate Factor of Safety, fou = 5

(Assumption 4.4)
b
1000 N
(Table 1)
(Table 1)

(Design Input 5.6)
(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, L, = 191 mm = 0.191 m

Lifting Pocket Edge Distance, d, = 55 mm = 0.055 m
Lifting Pocket Eye Length, L, = 84 mm = 0.084 m

(Figure 1)

(Figure 1)
(Figure 1)
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Retaining Pin Dimensions, W, = 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.

=280= (21 49)@

= 4

Hi4
3 SEa "ﬁ ES
4
% — 3
! 0N 18
8 — D13 / -
o 56

AN iy

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

Lifting 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.

e : Le 0.084
Lifting Eye Tear — out distance,dy, = L, —dp — 5 = 0.191 - 0.055 - —5

=0.0940 m
Lifting Pocket Thickness, t, == 110.5 — 40 = 70.5 mm = 0.071 m

Lifting Eye Tear — out Area, Ay, = dyo X tp = 0.0940 x 0.071 = 0.00663 m?

The tear-out stresses for the lifting pocket are calculated:
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. P, 261.6 kN
Nominal Tear — out Stress, T, = T % Aw, = 5% 000663 19734F = 19.7 MPa
Allowable Yield Stress, oy = 0.6 X Sy, = 119 MPa (Table 1)
Allowable Ultimate Stress, 6, = 0.6 X S, = 307 MPa (Table 1)
Yield Factor of Safety, FS = —%. = 220 _ 605 > 3.0
ield Factor of Safety, BEPRE T Ae .

) oy, 307

Ultimate Factor of Safety, FS= — =——=15.54 > 50
T 19.7

Lifting 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, A, = Wj, X t, = 0.06 x 0.071 = 0.00423 m?

_ . P, 261.6 kN

Nominal Bearing Stress, Ty = A = 000423 61834; = 61.8 MPa
b «
Allowable Yield Stress, ty, = Sy, = 199 MPa (Table 1)
Allowable Ultimate Stress, T4, = S, = 511 MPa (Table 1)
Yield Factor of Safety,FS = X = -2 = 322 > 1.0
ield Factor of Safety, =618 .
. TAu 511
Ultimate Factor of Safety, FS = T "ea- 8.26 > 1.0
b .

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, Sy;, = 199 MPa (Table 1)
Cask Ultimate Strength, S, = 511 MPa (Table 1)
Weld Yield Strength, Sy, = 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 Design 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

|
I
| -
: A
| Cx
X _—

<>
Cy
b ‘ 5 X

Local Coordinates

N
\ 4

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, Tw = 0.015 m (Figure 3) (Ref. 3.10)
Base Metal (Cask Wall) Thickness, Tc= 0.035m

——>| |€&—— 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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o _F _2616 . . KN
W Aw 068 0T m

Weld Allowable Yield Stress, Tyy, = 0.6 X Syy X Ty, X 1000

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

Weld Allowable Ultimate Stress, Tyya = 0.6 X Sy X Ty, X 1000
= 0.6 x 515 x 0.015 x 1000 = 4635 kN/m

0.6 X Sy X Tc X 1000 _ 0.6 x 199 x 0.035 x 1000
0.7071 - 0.7071

Cask Allowable Yield Stress, Ty, =
= 5910 kN/m
0.6 x S, x T, x 1000

Cask Allowable Ultimate Stress, Tya =

0.7071
_06x511x0035x1000 . kN/m
0.7071 '
FS for Weld Yield Stress = -2 = 1845 _ 4.80 > 3.0
f, 384.71
FS for Weld Ultimate Stress = =42 = 283° _ 1505550
f, 38471
FS for Cask Yield Stress = 22 = 2210 _ 15345539
f., 384.71
. Ty 15,176
FS for Cask Ultimate Stress = » = 38471 =39.45>5.0

Lifting Pocket Average Pure Shear

The lifting pocket average pure shear is evaluated in accordance with ASME Section |lI
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, S,;, = 115 MPa (Table 1)
Cask Allowable Pure Shear, S,:,p =0.6 xS, =0.6 x115 = 69.0 MPa

Sap 690 .
FS for Cask Pure Shear = — = —— = 3.50 > 1.0 cask pure shear is OK

Tio 19.7

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
- " Yield Ultimate
Lifting Condition Evaluated (>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).
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.

Under excessive load, the first

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

Reference 3.1.
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Anncau de levage

Matiére:
Acier de
traitement.
Finition:

Bruni.
Exemple de
commande: :
3 Evitez les angles trop
nim 07730-10 lem Ln aucun cas aigus. Pour é(;ggw une
; | des éli ou autres 1.

Nota: . Si5positis do 18VAge tos _ aftachée en deux points
Chagque anneau fait I'objet, aprés le arands, qui risqueraient Vérifiez la liberté de avec un angle do 30°,
controle de charge (coefficient de d'écarter fanneau oude | | Ittlon/ do puotement | | chadue susbendion do.
sécurité 1,5) d'un contrdle visuel. sens. 1,000 kg. g
Chaque anneau de levage est P 2N |
accompagné d'une fiche technique Référence DIiD|A]B H L | R | S |Charge | Couple | tkg 4
de sécurité pour l'installation. Long admis. de | Stan-
Ne pas utiliser de rondelle ou %‘:rfg . j

) ; i ong :
d'entretoise entre I'anneau et la 4
surface d'appui. ‘ - M 8| 190] 46,7 22| 678 - |125
Les vis sont a serrer au couple , 07730-10 - M10| 19,0 46,7| 22| 67,8] - |175 1
indiqué. Elles doivent étre . 07730-12 07730-112 M12] 38,1] 89,4 46 [121,4[170,7] 19.0
controlées et resserrées a interval- 07730-16 07730-116 M16 | 38,1 89.4] 46 [121,4{170,7| 29.0
les réguliers. Apres le montage, il y 07730-201 07730-1201  [M20] 38,1] 89.4] 46 [121,4)170,734,0
a lieu de verifier si 'anneau pivote 07730-20 07730-120 M20 | 58,7/130,6] 70 |165,6/206.0| 32,0 §
'éb"elmem dans ‘%“5 'efs Send: 07730-24 07730-124 | M24| 58,7130, 70 |165,6(206,0| 37.0

oulever avec precaution: 07730-30 - M30 | 81,0{165,1] 90 [221.7] - 41,0
Evitor fes chocs! 07730-36 - M36 [106,4]217,2] 115 [316,7] 63,5
Ne dépasser sous aucun prétexte la : ' i kg o
charge admissible poingonnée sur 07730-42 - M42 [106,4[217,2] 115 |316,7] - |68
Panneau. 07730-48 - Md8 [106,4[217,2{ 115 [316,7] - [88.0

a revétement Envirolox’

Matiére:
Acier de
traitement.

Finition:

Anneau: revétu Envirolox®,

Rondelle: bichromate.

Exemple de commande:

Référence A B D H L R

nlm 07735-10 b 8

Nota: 07735-08 467 | 220 (M8 | 190] 678 125 [ 109 | 97

Chaque anneau fait I'objet, 07735-10 46,7 | 220 [ mM10 | 190 678 175 [ 109 | 97

aprés le controle de charge 07735-12 894 | 46,0 | M12 | 38,1 | 1214 | 190 | 224 | 190

(coefficient de sécurité 2) d'un
contrble visuel. Le nouveau
revétement de protection Envi-

07735-16 894 | 460 | M16 | 381 1214 | 290 | 224 | 190
07735-20 894 | 46,0 | M20 | 381 | 1214 | 340 | 224 | 190

rolox® procure une meilleure 07735-120 [ 1306 | 70,0 | M20 | 587 | 1656 | 320 | 356 | 254
protection contre les conditions 07735-24 1306 | 700 | M24 | 587 | 1656 | 370 | 356 | 254
d'environnement séveres. Appli-  07735-30 | 1651 | 90,0 | M30 | 81,0 | 2217 | 410 | 445 | 31.7

23",‘3,’;? °°§s‘,?"es" Atmosghé:i 07735-130 | 165,1 | 90,0 | M30 | 81,0 [ 2217 | 617 | 445 | 317

g ve, comme p. ex. dans e

transport maritime, dans I'indu- 07735-38 | 217.2 | 1150 | M35 | 1064 | 3167 | 635 | 572 | 444

strie chimique etc. 0773542 | 2172 | 1150 | M42 | 1064 | 3167 | 680 | 57,2 | 444
0773548 | 2172 | 1150 | M4B | 106,4 | 316,7 | 880 | 57.2 | 444

Consignes de sécurite:
voir nim 07730. 07735-64 207,6 | 1524 | M6d | 1460 | 419.1 | 960 | 762 | 572 |
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Appendix 3

Lifting Pin Design Dimensions
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Rick Van Galder

From: Christopher Qlane <odane®robateltechcom>
Sent: Friday, September 13, 2013 8:29 AM

To! Curt Lindner

Ca JF.Daman - ROBATEL

Subject: RE: lifdng calculation

Curt,

The dimens'ens of the pin are the ones =ent for the celzulat on R3{5C x 8C| and the pin draw ng revis on is one revision

up
02585 (C 3114-C2-R

‘Nthatever the revision was, 't ic ene rew up.

BR
Chris

From: Christopher Dane [maitta:cdane@robateltech.com]
Sent: Wednesday, September 11, 2013 10:02 AM

To: alangston@tliusa.com
Ce: clindner@eneycon.com
Subject: lifting calculation
Importance: High

Please find attached for review
BR

Christopher Dane
Engineering Manager
Rabate! Technologies LLL

v: 540.989.2E78 x1005
m: 540.525.9522

A deeswrars vel hiwerm 1o e Lua e prinking Lhis 2 <l

THIS E-RAIL 4ND 37S ATIACMRENTS CDMON Roartel Traemoixaies, LLC ausiMess FPOPRLETMAY CNFDARAFLIM, o 15 PAIVILEGED, CONFIDENTIAL, we/a
SUBIETT 10 PATENT SEOTECICOMS BELOMDIAG TO ADGATEL AMD/D8 31T CLLZNTS. Th1S £-MAJL 3 INTENDMD SOLELY PON THE USE Df THZ JADIVICIMA D4 ENTETY 1O WMITH
[T 15 ADORESSEDs Lf YD. GAZ WOT ME 1MV DDED IECIFIENT OF THIS LML, B The SWLOTEE OR AGENT RLSPRBIELE (OR DELLVIRING Th1S E-RALL 10 M 2N ENDED

RECIFIENT, YU ML HEIEAY ADFIF1ED THAY JOY DISSERIMRIION; OISTRIWIION, [DFYIND,

DA ACT1IN TRKEM IM RELATIIN TO THZ CITENTS 31 AND AFTACHRENTS D

TArs e-mut 15 STRICTLY PROHIBITED, mar e UNLAWFUL »am srLl B sumsvzp, IF YR WAWE ALCZIVED THIS E-®AIL 1M EFRDN, PLERSE MOTL(Y TR SCOMPES
CANECIATELY AND FERRAMENTLY DELETE FHZ TW1Q1MAL AMD ANY CDFY OF THES E-AKLL AAD ANT PRINTOUTS,

Trhux You.




