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1.0 PURPOSE

1.1 Project Background

mwmwﬁmmmumhmmhmammm
and hugh-level waste (HLW): since transport will be a necessary component of any integrated nuclear waste
management system With thas project the DOE wall provide for the transportation of SNF and HLW by means of
a specific railcar (named by the DOE as the Atlas railcar) to carry SNF and HLW casks.
As part of thas project, the DOE has contracted AREVA Federal Services (AFS) to design the Atlas railcar,
mchuding a simgle set of standardized attachment components (railcar tie-down mterface) and transport package
conceptual cradle designs for the 17 SNF transportation casks (herein referred to as “packages™) histed m
Attachment A of the Statement of Work (SOW) [1]. The DOE Atlas railcar (and by extension to subsystems, the
package cradles) must be designed and built to satisfy the requirements of Association of Amenican Railroads
(AA&SMSMSD]M&:AFSD&@BMMMD&M@BRD}B] The standardized
attachment components are part of the railcar and must also meet the AAR 5-2043 requrements.
AFS has chosen to divide the 17 packages mto 4 fanmhes based on the package tie-down methods. The packages
contained in each of these four fanmlies are histed below:

Famuly 1 TN-32B, TN-40, TN-40HT, HI-STAR 60, HI-STAR 100, HI-STAR 100HB (also referred to as

HI-STAR HB), HI-STAR 180, HI-STAR 190SL, and HI-STAR 190X1.
Family 2 MAGNATRAN® NAC-STC™ NAC-UMS UTC™ and the TN-68.
Family 3 MP-197, MP-197HB, and the TS125.

Family 4 MP-187.

As part of the work to be completed to design the Atlas railear to the AAR 5-2043 requirements, dynamic
modeling will be performed by Transportation Technology Center, Inc. (TTCT).

12 Calculation Purpose
ballast are generated in Appendix B.
13 Atlas Railcar Cradles

The Atlas Railcar has been designed to transport the 17 packages histed in Section 1.1. Each package 1s secured to
the railcar using a cradle and the standardized attachment components discussed in Section 1 4. An example of 2
cradle for Fanily 1 1s shown in Figure 1-1.
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Figure 1-1: Atlas Railcar Family 1 Cradle

1.4 Atlas Railcar Standardized Attachment Components

The Atlas Railcar standardized attachment components are depicted in AFS Drawmmg DWG-3015278 [4] and are
shown in Figure 1-2 below. There are four center pin attachment blocks welded to the railcar that are used for all
cradle designs. The cradles are secured laterally and vertically using four attachment pms mserted through the
center pin attachment blocks. Longitudinal support for cradle Families 2 through 4 1s provaded by shear blocks
welded to the railcar. Famuly 1 cradles use end stop assemblies to support the cask longitudmally. The end stop
assemblies are attached to the railcar using pms through the eight end stop attachment blocks.

Figure 1-2: Atlas Railcar Standardized Attachment Components

2.0 METHODOLOGY

The mputs required for TTCI dynamic modeling include the cradle, cask, and end stop weights, centers of gravity,
and mass moments of mertia. Previously hand-calculated values for cradle and end stop weights and centers of
gravity are used with SohdWorks models to determine cradle and end stop mass moments of inertia. Addihonal
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hand calculations are performed to integrate cask weights, centers of gravity, and mass moments of inertia with
their associated cradles to determine combined system properties for use by TTCL

21 Acceptance Criteria
Thas caleulation 15 used as an mput for further analy=is and does not have acceptance cnitena.

3.0 ASSUMPTIONS

31 Unverified Inputs/Assumptions
None.
3.2 Justified Assumptions

cask and cradle weight. If a personnel bamer is less than 2% of total cask and cradle weaght, it can be
considered to have a neghgible effect on mass moments of mertia [17].

2. Casks are treated as nght cylinders for calculation of mass moments of inertia. The cask center of gravity
is not assumed to be at the symmetnc center and thus nmst be accounted for in each caleulation. Impact
hmiter geometry 1s 1gnored but impact lmter weight 15 included in each calculation.

4.0 DESIGN INPUTS

41 Transportation Package Design Inputs

Weight and center of gravity (cg) mputs are taken from the following calculations and are listed in the tables
below.

1. Atlas Railcar Family 1 Conceptual Cradle Structural Calculation [5]
2. Atlas Railcar Family 2 Conceptual Cradle Structural Calculation [6]
3. Atlas Railcar Family 3 Conceptual Cradle Structural Calculation [7]
4. Atlas Railcar Family 4 Conceptual Cradle Structural Calculation [8]
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Table 4-1: Cradle Design Inputs — Families 2-4
Nominal Cradle Verticalcg | Cradle Longitudinal | Cradle Lateral cg
Cask Family Cradie from Cradle Bottom cg from Center Pin from Railcar
Weight (Ib) (i)™ Location (in) Center (in)™
NAC-STC 2 42 000" 27" 70 0
NACUMSUTC | 2 42,000 27 700 0
MAGNATRAN 2 42 pog™ 27" 70 0
MP187 4 32,5007 2859 1252 = 62.5* 0
MP197 3 26,000% 17® 1252 = 62.5® 0
MP197HB 3 26,000 1759 12512 = 62.5'% 0
TN-68 2 27,000% 269 54 0
TS125 3 30,000” 2452 12572 = 62.5° 0
Notes:
1. Values are taken from Section B-1 of [6].
2. Values are taken from Table 4-1 of [8].
3. Values are taken from Table 5.3-1 of [7]
4 Values are taken from Table B-3 of [6].
5. The MP187 cradle is symmetric and is centered o the attachment pins locations.
6. Per Section 5.2 of [7], the family 3 cradles are symmetrically designed and the

longimdinal cradle cg is at the cradle geometric center. The cradle is centered on the

Cradle bottom is 0.5" above railcar deck due to standardized attachment components

shim plate.

Determined by inspection.
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Cadks in famuly 1 require an axaal support (end stops) to support the cask. The total cradle system mcludes a
central cradle and two sets of axial end stops. Weaghts for the cradles and corresponding end stops are hsted

separately.
Table 4-2: Cradle Design Inputs — Family 1 Central Cradles
. Central Cradle Central Cradle
- Cradic Weigh | Verical cgfrom | Longitudinalcg from | C*7CRCCRC LR
()" (i)™ (i)™ Center (in)™
HI-STAR 100 20,545 252 66.8 0
HI-STAR 100HB 15,000 271 60.2 0
HI-STAR 180 9,182 273 626 0
HI-STAR 60 15,364 273 65.1 0
TN-328 13,272 351 569 0
TN-40 12,909 320 56.7 0
TN-40HT 12,909 320 56.7 0
HI-STAR 190SL 13,364 218 626 0
HI-STAR 190XL 13,636 218 626 0
Notes:

1. Values are taken from Tables 5.1 and 6.1 of [5]. Masses are nominalized from reported
maximums by dividing by 1.1

2. Determined by imspection.

3. Cradle bottom is 0_5" above railcar deck due to standardized attachment components
shim plate.
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Table 4-3: Cradle Design Inputs — Family 1 End Stops
Nominal End Stop End Stop Vertical End Stop Longitudinal | End Stop Lateral
Cask We#ntrerEnd cg from Railcar cg from Outboard Outer cg from Railcar
(i)™ Deck (in)"™ Pin Location (in) Center (in)""®
HI-STAR 100 23,273 527 61.2% 0
HI-STAR 100HB 29,091 655 69.0% 0
HI-STAR 180 24 545 60.0 831® 0
HI-STAR 60 34 182 679 53.1® 0
TN-32B 30,364 523 90.77 0
TN-40 31,001 50.7 86.9® 0
TN-40HT 31,091 50.7 86.9% 0
HI-STAR 190SL 21,273 619 61.5"® 0
HI-STAR 190XL 20,000 622 57.5%" 0
Notes:

R

Values are taken from Table 6.1 of [5]. Masses are nominalized from reported
maximums by dividing by 1.1.

The ends stop weight listed in Table 6.1 of [5] is for one of four end stops, two are used
on each end of the railcar. The weight listed here is for one end (2 times the values listed
in Table 6.1).

Value taken from “CALC 3015133_Hi-Star 100_Railcar Loads.2.17.17 xlsx” [5].
Value taken from “CALC 3015133_Hi-Star 100HB_Railcar Loads.2.9.17 xlsx™ [5].
Value taken from “CALC 3015133 _Hi-Star 180_Railcar Loads 2.9.17 xlsx” [3].
Value taken from “CALC 3015133 _Hi-Star 60_Railcar Loads.2 9.17 xlsx” [5].
Value taken from “CALC 3015133_TN-32B_Railcar Loads 2 9.17.xisx” [5].
Value taken from “CALC 3015133_TN-40_Railcar Loads.2.9.17 xlsx” [5].

Value taken from “CALC 3015133_TN-40HT_Railcar Loads 2 9.17 xlsx™ [5].

10. Value taken from “CALC 3015133_Hi-Star 19051._Railcar Loads 2 217 xlsx” [5].
11. Value taken from “CALC 3015133 _Hi-Star 190X _Railcar Loads 2.1.17 xlsx” [5].
12. Determined by inspection for each set of end stops.
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5.0 CALCULATIONS

5.1 TTCI Modeling Inputs

Inputs required for dynamic modeling to be performed by the TTCI are generated in the following sechons.
Values are taken from other calculations (with references provided in each table) or are calculated as noted.
511 Transportation Cask TTCI Dynamic Modeling Inputs

The mass moments of mnertia for the transportation casks are not listed m the pubhically available SARs. The mass
moments of mertia (MMI) are calculated usmg equations from [10] for a nght circular cylinder using the cask
mass, cask length and cask radms.

Rotational MMI Lengitudinal Axis = %(Ca.sk mass)(Cask radius)?®
Rotational MMI Lateral Axis = Rotational MMI Vertical Axis
1
= E(Cask mass)(3(Cask radius)® + (Cask length)*) + (Cask mass)(Longitudinal cg)?

The diameter of the cylinder is taken to be the diameter of the cask. All mass moments of inertia are calculated at
the cask center of gravity (thus the longitudinal center of gravity must be accounted for since 1t 15 different than
the symmetric center of gravity). The cask weights and center of gravity locations are shown m Table 5-1. The
mass moments of inertia for the casks using the loaded weights are shown m Table 5-2 and the mass moments of
inertia using the empty cask weights are m Table 5-3.
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Table 5-1: Cask Modeling Inputs — Weight and cg
Maximum Minimum Cask Vertical Cask Longitudinal Cask Lateral
Cask (Loaded) Cask | (Empty) Cask | cg from railcar cg from railcar cg from railcar
Weight ()" | Weight 1) |  deck (in)™ center (in) center (in)
NAC-STC 254,589 188,767 68.00 2.25® 0
NAC-UMS UTC 255,022 178,798 68.00 165 0
MAGNATRAN 312,000 208,000 68.00 6.90® 0
HI-STAR 100 279,893 179,710 66.50 0.40% 0
HI-STAR 100HB 187,200 59 66.50 2.60® 0
HI-STAR 180 308,647 & 65.00 18.10® 0
HI-STAR 60 164,000 142,530 60.13 11.60° 0
HI-STAR 190SL 382,746 282,746 65.00 17.90® 0
HI-STAR 190XL | 420,769 304,369 65.00 17.70® 0
MP187 271,300 190,200 65.00 o 0
MP197 265,100 176,710 62.50 115" 0
MP197HB 303,600 179,000 64.50 163" 0
TN-32B 263,000 m 73.00 0.50% 0
TN-40 271,500 M 73.00 0® 0
TN-40HT 242343 M 73.00 0® 0
TN-68 272,000 = 78.00 6.10% 0
TS125 285,000 196,118 73.30 5.00"" 0

Notes:

1. The loaded cask weight is taken from the DOE SOW Anachment A [1].

2. The empty cask weights are taken from the DOE SOW Anachment A [1] except where
noted. Some emipty weights are not availsble.

3. The cask vertical cg is taken from AFS Calculation CALC-315276-002 [9]. Revised
values taken from [5] and [8] for families 1 and 4. Values from [5] and [8] are increased
0.57 due to standardized attachment components shim plate.

4. Per the DOE SOW Attachment A [1], the HI-STAR 100HB cask is already loaded and
will not be shipped empty.

5. The DOE SOW Arachment A [1] lists an empty weight of less than the loaded weight.
An empty weight is provided in the public information; however, this is not a bounding
empty condition weight and will not be listed here.

6. The DOE SOW Arachment A [1] lists an empty weight of <164,000 pounds. An empty
weight of 142 530 pounds is listed in Section 1.2.1 3 of the HI-STAR. 60 SAR_ Rev 2
(Docket 71-9336) [16).

7. Per the DOE SOW Attachment A [1], the TN-40 is suthorized for a single use shipment

and would not be shipped empty. Per [1] this is also assumed to be the case for the TN-
32B and TN40HT.
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8. Value calculsted using values derived from “Minimmum/Maxinmm Combined CG
distance from rear cradle pins, X (in)” in Tables B-2 and B4 of CAL.C-3015134 [6] and
the distance between attachment pins of 125 inches per [4]. Cask cg is the bounding
value farthest from ralcar center.
9. Value calculsted using “Cask CG from pin near cask bottom (P1) (in) (dc_hcg)™ from
CALC-3015133 Table 5.1 [5] and the distance between artachment pins of 125 inches
per [4].
10. The MP187 cask cg is at the center of the attachment points [8].
11. Value calculated using “Cask Length (in)” and Cask Longimdinal CG (in)” from Table
4.1-1 of CALC-3015135 [7]. Where available, bounding values were used. Casks are
geometrically centered on their respective cradles.
12. Loaded cask weight adjusted from DOE SOW Attachment A per AFS-RFI-00225-
0015-00 [22]
Table 5-2: Cask Modeling Inputs — Loaded Mass Moment of Inertia
Rotational Mass Moment of Inertia (Ib%in’),
Maximum Cask Loaded Cask around
Cask (Loaded) Cask | Len c“".:.’."" — T
Weight (Ib) (in)"™ L Longitudinal Lateral Axis | Vertical Axis
Axis (x) v) @
NAC-STC 254,589 193.0 49.50 311903349 947506003 947506003
NAC-UMS UTC 255,022 2093 46.45 275118052 1069221548 | 1069221548
MAGNATRAN 312,000 2140 55.00 471900000 1441500320 | 1441500320
HI-STAR 100 279,893 2033 48.00 322436736 1125282050 | 1125282050
HI-STAR 100HB 167,200 128.0 45.00 215654400 364683072 364683072
HI-STAR 180 308,647 1744 53.15 435951927 1101392609 | 1101352609
HI-STAR 60 164,000 1589 3788 117661341 425971047 425971047
HI-STAR 190SL 382,746 2145 53.25 542650102 1861480626 | 1861480626
HI-STAR-190XL 420,769 2370 53.25 596558399 2399616416 | 2399616416
MP187 271,300 2015 46.25 290163828 1063031116 | 1063031116
MP197 265,100 2080 4575 277435434 1094842179 | 1094842179
MP197HB 303,600 2103 48.88 362688818 1301071121 | 1301071121
TN-32B 263,000 184.0 45.88 314186954 899169893 899169893
TN-40 271,500 1838 49.76 336124819 932390115 932390115
TN-40HT 242 343 1838 50.50 309017618 836753630 836753630
TN-68 272,000 1973 49.00 326536000 1055741027 | 1055741027
T5125 285,000 2104 47.10 316123425 1216555513 | 1216555513
Notes:
1. The cask length is taken as the “Length without Impact Limiters” from the DOE SOW
Artachment A [1].
2. The cask radius is taken as half of the “Diameter without Impact Limiters”™ from the
DOE SOW Attachment A [1]
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Table 5-3: Cask Modeling Inputs — Empty Mass Moment of Inertia

Rotational Mass Moment of Inertia (Ib*in?),
Cask Mimimom | R | s Empty ash arsung o3
(Empty) Cask )" | (m® | Longitudinal | Lateral Axis | Vertical Axis
i Axis (x) () @
NAC-STC 188,767 1930 | 4950 | 231263171 | 702535717 | 702535717
NAC-UMS UTC 178,798 2093 | 4645 | 192887506 | 749639930 | 749639930
MAGNATRAN 208,000 2140 | S500 | 314600000 | 961000213 | 961000213
HI-STAR 100 179,710 2033 | 48.00 | 207025920 | 722506234 | 722506234
HI-STAR 100HB - 1280 | 4800 - - -
HI-STAR 180 - 1744 | 5315 - - -
HI-STAR 60 142,530 1589 | 37.88 | 102257749 | 370205203 | 370205203
HI-STAR 190SL 282,746 2145 | 5325 | 400871977 | 1375131813 | 1375131813
HI-STAR 190XL 304,369 2370 | 5325 | 431528661 | 1735795291 | 1735795291
MP187 190,200 2015 | 4625 | 203424844 | 745258084 | 745258084
MP197 176,710 208.0 | 4575 | 184932537 | 729798421 | 729798421
MP197HB 179,000 2103 | 4888 | 213838269 | 767100562 | 767100562
TN-32B - 1840 | 48.88 - - -
TN-40 - 1838 | 49.76 - - -
TN-40HT - 1838 | 50.50 - - -
TN-68 - 197.3 | 49.00 - - -
15125 196,118 2104 | 47.10 | 217535066 | 837152400 | 837152400
Notes:

The cask length is taken as the “Length without Impact Linuters™ from the DOE SOW

Antachment A [1].

The cask radins is taken as half of the “Diameter without Impact Limiters” from the
DOE SOW Attachment A [1]
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5.1.2

Weicl

The cradle TTCI dynamic modeling inputs are calculated i the followmg tables. Cradle nomumal weights and cg
locations are listed m Table 5-4 for Families 2-4. Values for this table are taken from Table 4-1. Cradle and end
stop nominal weights and cg locations are histed in Table 5-5 and Table 5-6 for Famuly 1. Values for these tables
are taken from Table 4-2 and Table 4-3.

Mass M ¢ ot

The mass moments of mertia for the cradles are not currently provided m the cradle structural calculations. The
mass moments of inerha for each cradle are calculated using SohidWorks. All mass moments of mertia
calculations are done using models built in accordance with drawangs [11], [12], [13], [14], and [15]. Hand-
calculated cradle masses and center of gravities are used, overndmg those calculated by SolidWorks. SolidWorks
model matenals are defined using densities taken from reference [19]. Each model 15 composed mostly of carbon
steel (0.28 Ib/n®), with some components constructed of stainless steel (0.29 Ib/in’), bronze (0.32 Ib/in’),
aluminum (0.10 Ib/in*), and rubber (assumed 0.04 Ib/in’). Although cradle masses are overnidden within
SolidWorks, matenals (specifically, matenal densities) must be defined to establish relative weight distnbution
within each model.

Results from Solidworks are histed in Appendix A and shown in Table 5-7 through Table 5-9 below.
Table 5-4: Cradle Modeling Inputs — Weight and cg — Families 24

Cradle TTCI Dynamic Modeling Inputs

Cosk | MommMCrale | oo Racar | o rom Ralcar | og rom Ratcar
Deck (in)™ Center (in)"™ Center (in)
NAC-STC 42000 275 75 0
NAC-UMS UTC 42,000 215 75 0
MAGNATRAN 42000 2rs 75 0
MP187 32,500 290 0 0
MP197 26,000 175 0 0
MP197HB 26,000 18.0 0 0
TN-68 27,000 26.5 85 0
TS125 30,000 250 0 0
Notes:
1. Nominal weight values rather than maximum or mininrmum weight values are used in
each SolidWorks calculation.
2. The cg is taken from Table 4-1 and increased by 0.5 inches due to the standardized
attachment components.

The cradle longimdinal cg is adjusted to the center of the railcar by taking the value
from Table 4-1 and adjusting using the distance between the pins (125 inches per [4]),
x = abs(125/2-d).
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Table 5-5: Cradle Modeling Inputs — Weight and cg — Family 1 Central Cradle
Nominal Central Cradle Central Cradle Central Cradle
Cask Central Cradle | Vertical cg from_ | Longitudinal cg from | Lateral cg from
Weight (Ib)’” | Railcar Deck (in)® | Railcar Center (in)™ | Railcar Center (in)
HI-STAR 100 20,545 257 43 0
HI-STAR 100HB 15,000 276 23 0
HI-STAR 180 9,182 278 0.1 0
HI-STAR 60 15,364 278 26 0
TN-32B 13,272 356 56 0
TN-40 12,909 325 58 0
TN-40HT 12,909 325 58 0
HI-STAR 190SL 13,364 23 0.1 0
HI-STAR 190XL 13,636 223 0.1 0
Notes:
1. Nominal weight values rather than maximum or minimum weight values are used in
each SolidWorks calculation
2. The cg is taken from Table 4-2 and increased by 0.5 inches due to the standardized
attachment components.
3. The cg is adjusted to the center of the railcar by taking the value from Table 4-2 and
adjusting using the distance between the pins (125 inches per [4]), x = abs(125/2-d).
Table 5-6: Cradle Modeling Inputs — Weight and cg — Family 1 End Stops
Nominal End End Stop End Stop End Stop Lateral
Cask Stop Weight | Vertical cg from | Longitudinal cg from | cg from Railcar
per End (Ib)"” | Railcar Deck (in) | Railcar Center (in)” Center (in)
HI-STAR 100 23273 527 1978 0
HI-STAR 100HB 29,091 655 190.0 0
HI-STAR 180 24 545 60.0 1759 0
HI-STAR 60 34,182 679 2059 0
TN-32B 30,364 523 168.3 0
TN-40 31,091 50.7 1721 0
TN4OHT 31,091 50.7 1721 0
HI-STAR 190SL 21273 619 1975 0
HI-STAR 190XL 20,000 62.2 2015 0

Notes:
1. Nominal weight values rather than maximum or mininmm weight values are used in
each SolidWorks calcalation

2. The cg is adjusted to the center of the railcar by taking the value from Table 4-3 and
adjusting using the distance between the outer pins (125+148 5+148_5+48+48 inches
per [4]), x =abs((125+148.5+148 5+48+48)2-d).
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Table 5-7: Cradle Modeling Results — Families 2-4

Calculated Rotational Mass Moment of Inertia (Ib*in®)
- No‘:vn;?;l'tc(:f'e Longitudinal Axi Vertical Axi
ongitudinal Axis | | ateral Axis (y) -
(x) (z)
NAC-STC 42 000 107420031 177507865 245802070
NAC-UMS UTC 42 000 108344606 215505187 283962578
MAGNATRAN 42 000 107996979 214855254 284549589
MP187 32,500 76512209 102544674 129466464
MP197 26,000 53452254 53944950 83293680
MP197HB 26,000 57567432 90162852 119270004
TN-68 27,000 70617158 73796861 112935016
TS125 30,000 63572366 130481182 160163420

Table 5-8: Cradle Modeling Results — Family 1 Central Cradle

Nominal Central | Calculated Rotational Mass Moment of Inertia, (Ib*in®)
Cask Cradle Weight — - - -

(Ib) Longltu((il"ial Axis Lateral Axis {y) Vertxl::; Axis
HI-STAR 100 20,545 43074602 50542232 67971425
HI-STAR 100HB 15,000 36189820 27793388 44375308
HI-STAR 180 9,182 25366782 28726632 37587666
HI-STAR 60 15,364 33624685 29949688 46509586
TN-32B 13,272 36398191 41030969 53446863
TN-40 12,909 33491643 36922579 48700012
TN-40HT 12,909 33491643 36922579 48700012
HI-STAR 190SL 13,364 31907634 40984186 51573243
HI-STAR 190XL 13,636 32560720 41818848 52626918
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Table 5-9: Cradle Modeling Results — Family 1 End Stops
Mominal End | Calculated Rotational Mass Moment of Inertia, (Ib*in®)
Cask Stop Weight - - -
per End(lb) Longitudinal Axis 2 Vertical Axis
x) Lateral Axis (y) @
HI-STAR 100 23,273 31791742 41822972 40285039
HI-STAR 100HB 29,091 37918666 78764969 78321041
HI-STAR 180 24 545 42279179 51551205 52133252
HI-STAR 60 34,182 38475171 72009557 70568374
TN-32B 30,364 56558696 78818952 69306526
TN-40 31,091 57912871 80706101 70965920
TN-40HT 31,091 57912871 80706101 70965920
HI-STAR 190SL 21,273 38400939 34801023 35530098
HI-STAR 190XL 20,000 36701031 29459126 29937032
51.3 Combined Cask and Cradle System TTCI Dynamic Modeling Inputs

The mass moments of inertia dynamic modeling mputs are to be reported to TTCI for each combined cask and
cradle system. System mass moments of mertia are found using hand calculation and evaluated around the
combined system center of gravity. The combined system center of gravity 1s a fimction of the mass and center of
gravity of each cask and cradle and 15 calculated using the follow equations [10]:
o Meask * CFxcask + Meradie * €Fx cradie
& Mcask + Meradie
Meock * €Oy cask ¥ Meradie * €9y cradie
Meask + Meraale
_ Mcask * €z cask + Meradie * €9z cradie
Megsk + Meradle
Mass moments of inertia for each combined system are calculated using the mdividual cask and cradle mass
moments of nertia and application of the parallel ax1s theorem The combined system mass moments of inertia
are calculated using the following equations [10]:
Rotational MMI Longitudinal (x) Axis
z z
~ ["fo,r:m + Meask ((fgy,sym - ‘-'Qy,cut) Ly ("ﬂx,sy:u- . cﬂt.(‘m*) )]
2 z
+ [MMISM + Meradie ((CQy,.s‘ym - Cﬂy.cmu) i ("ﬂx..s‘ysmu i CQ:M) )]
Rotational MMI Lateral (y) Axis
2 2
== [M" Iy caskc + Meask (("ﬂx.syum —Gxcask) + (COzsystem — Iz cask) )]
2 2
& [M““,mu F Mergae ((‘-‘-‘Jx..sym =€y cratie) + (€02 system — €9zcradic) )]

cgy =

cg,

Page L-19 February 2, 2018



Atlas Railcar Phase 2 Final Report
Report No.: DE-NE0008390

CALC-3015934-001

Page 19 of 53
A AREVA Federal Services LLC
AREVA Title: Atlas Railcar Cask and Cradle Dynamic Modeling Inputs
Doc/Rev.: CALC-3015834-001
Project: 0022503.0050 - DOE Atlas Railcar Page 19 of 53

Rotational MMI Vertical (z) Axis

= [MM Iz casic T Mcask (("'ﬂx.iynm = "gx.ca.sk)z + (cgy.system — cﬂy,cut)z)]

% [MMI,'QM, + Myagie ((cOzsysem — PR T — cg,'cmh)z)]
Combmed system mass moments of inertia are calculated for both loaded and empty casks.

Table 5-10: Combined Cask and Cradle Dynamic Modeling Inputs, Loaded Cask

cg relative to Railcar Deck Center Calculated Rotational
(in) Mass Moment of Inertia (Ib*in®)
Cask s
(ib) Longitudinal | Lateral | Vertical | Longitudinal Lateral Vertical
Axis (x) Axis (y) | Axis (z) Axis (x) Axis (y) Axis (z)
NAC-STC 296,589 30 0.0 62.3 478458289 1185142470 | 1194301767
NAC-UMS UTC | 297,022 25 0.0 62.3 442611789 1345109965 | 1354418225
MAGNATRAN 354,000 70 0.0 632 640614030 1717085951 | 1726063235
HI-STAR 100 300,438 07 0.0 63.7 397372649 1207976714 | 1193544596
HI-STAR 100HB | 202,200 26 0.0 63.6 272858531 413492021 409059629
HI-STAR 180 317,829 176 0.0 63.9 473658043 1145347597 | 1141869297
HI-STAR 60 179,364 108 0.0 574 165969346 471741939 473618516
HI-STAR 190SL | 396,110 173 0.0 636 598102106 1930100576 | 1917145263
HI-STAR-190XL | 434 405 171 0.0 63.7 653201069 2469608514 | 2456334633
MP187 303,800 0.0 0.0 61.1 404290112 1203189865 | 1192497580
MP197 291,100 1.0 0.0 585 378835181 1196765935 | 1178167173
MP197HB 329,600 15 0.0 60.8 472040039 1443081392 | 1420404755
TN-32B 276,272 0.7 0.0 71.2 368257664 958202003 952945378
TN-40 284 409 03 0.0 712 389829387 989940166 981504675
TN-40HT 255,252 03 0.0 710 362612405 894191649 885865939
TN-68 299,000 6.3 00 733 462297386 1194823592 | 1168817519
TS5125 315,000 45 0.0 68.7 443017091 1411036566 | 1377397504
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Table 5-11: Combined Cask and Cradle Dynamic Modeling Inputs, Empty Cask

cg relative to Railcar Deck Center Calculated Rotational
(in) Mass Moment of Inertia (Ib*in®)
Cask ——
(Ib) Longitudinal | Lateral | Vertical | Longitudinal Lateral Vertical
Axis (x) Axis [y) | Axis (2) Axis (x) Axis (y) Axis (z)
NAC-STC 230,767 3.2 0.0 60.6 395035510 937342825 949284722
NAC-UMS UTC | 220,798 28 0.0 60.3 357018322 1022095262 | 1034766443
MAGNATRAN 250,000 70 0.0 612 479913875 1233184943 | 1245562383
HI-STAR 100 200,255 08 0.0 62.3 280791826 804020200 790758089
HI-STAR 100HB - - - - - - -
HI-STAR 180 - - - - - - -
HI-STAR 60 157,894 107 0.0 570 150378708 415774553 417838177
HI-STAR 190SL | 296,110 171 0.0 63.1 456046355 1443425893 | 1430748206
HI-STAR-190XL | 318,005 16.9 0.0 63.2 487885669 1805453195 | 1792464977
MP187 222 700 0.0 0.0 597 315910218 883775924 874724549
MP197 202,710 10 0.0 S56.7 284281794 829670349 813122076
MP197HB 205,000 14 0.0 58.6 320494050 906412081 886430884
TN-32B - - - - - - -
TN-40 - - - - - - -
TN-40HT - - - - - - -
TN-68 - - - - - - -
TS125 226,118 43 0.0 66.9 341808710 1028985354 | 997966315
5.2 Cradle to Railcar Clearances
The mterface clearances between the cradle and the railcar are shown m Table 5-12 and are calculated below
using the following drawmg references:
DWG-3015278-002 [4]
DWG-3015137-001 [11]
DWG-3015138-000 [12]
DWG-3015277-000 [13]
DWG-3015139-000 [14]
DWG-3015140-001 [15]
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Table 5-12: Maximum Cradle to Railcar Clearances
Lonertudmal Lateral Vertical
Maxamum Clearance 0.86 inches 0.78 mches 0.432 inches
Minimum Clearance 0.14 inches 0.16 inches 0.128 inches
5.21 Longitudinal Clearance

The conceptual cradle designs for Families 2-4 are supported longitudmally by the shear blocks welded to the
railcar. The conceptual cradle designs for Fanmly 1 are supported longitudinally by the end stop assemblies which
are shimmed to remove any gap. Therefore, there 1s no clearance m the longitudmal direction for the Famuly 1

conceptual cradle designs.
For the cradles in Famihes 2-4, the longitudinal mterface 1= shown in Figure 5-1 and evaluated in the table below:
Table 5-13: Cradle to Rail Longitudinal Clearance

DWG-3015278-002 DWG-3015138-000, DWG-3015139-000,

(Cradle Attachment Components) | DWG-3015140-001, DWG-3015277-000
(Conceptual Cradle Fanmlies 2-4 Drawings)

Distance between shear blocks Distance between shear blocks

=36.00+12 =8025+:12) - (44.75£12)=355=24 DWG-3015138-000
=355+12 DWG-3015139-000
=355+125 DWG-3015140-001
=(8025+12) - (44.75£12) =355+ 24 DWG-3015277-000

min clearance = (36.00 —.12) — (35.5 + .24) = .14 inches
The gapis

max clearance = (36.00 +.12) — (35.5 —.24) = .B6 inches
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Figure 5-1: Attachment Components Interface

5.2.2 Lateral Clearance

All of the conceptual cradle designs are supported laterally by the center pin attachment blocks. The structural
evaluation of the attachment components 15 performed m CALC-3015276 [9]. From Section 5.2.7 of [9], the
conceptual cradle I-beam wadth 15 11.265 inches. The lateral mterface 1s shown m Figure 5-1 and evaluated m the

table below:

February 2, 2018

Page L-23



Atlas Railcar Phase 2 Final Report
Report No.: DE-NE0008390

CALC-3015534-001

Page 23 of 53
A AREVA Federal Services LLC
AREVA Title: Atlas Railcar Cask and Cradle Dynamic Modeling Inputs
Doc/Rev.: CALC-3015934-001
Project: 00225030050 - DOE Atlas Railcar Page 23 of 53
Table 5-14: Cradle to Railcar Lateral Clearance
DWG-3015278-002 DWG-3015137-001, DWG-3015138-000, DWG-3015139-000,
(Cradle Attachment Components) | DWG-3015140-001, DWG-3015277-000
(Conceptual Cradle Drawings)
Edge of imboard center pin Inside edged of cradie I-beams
attachment blocks dimension 035025 DWG-3015137-001
=93.00+:06 —0350:25 DWG-3015138-000
=0350£12 DWG-3015139-000
=0350£25 DWG-3015140-001
=9350+25 DWG-3015277-000
Edge of outboard center pin Outside of cradle I-beams
attachment blocks =93 50+ 25+2(11.265) = 116.03= 25
=116.50=.06

At the inboard center pin attachment to cradle I-beam interface:
The mmimmm gap 1s:

min clearance = (93.50 —.25) — (93.00 +.06) = .19 inches
The maximum gap 1s

max clearance = (93.50 +.25) — (93.00 — .06) = .81 inches
At the outboard center pin attachment to cradle I-beam mterface:

The minizmm gap is:

min clearance = (116.50 —.06) — (116.03 +.25) = .16 inches
The maxammm gap 15

max clearance = (116.50 +.06) — (116.03 — .25) = .78 inches
The cradle will contact the outboard edge of the center pin attachment blocks first. The maximum worst-case
clearance (cradle pushed to one side laterally) 15 0.78 mches.

523 Vertical Clearance

All of the conceptual cradle designs are supported vertically by the center pmn attachment blocks. Revised
dimensions are per reference [18]. A pinned connection 1s used with an @4 000+.002 pmn. The @4.13+ 06 hole on
the cradle is round while the cradle connection 15 a 4.37+.06/-.00 slotted hole. The maximum clearance can be
assumes the hole/slot size is not reduced from msahgnment which would reduce the clearance.
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The maximum vertical clearance 15
max clearance = (4.37 +.06) — (4,000 —.002) = .432 inches
vertical clearance can be calculated using the mininmm condition hole and slot sizes, with the
The mmimmm cradle hole size 1s: 4.13-.06=4.07
The munimmum center pm attachment block slot height 1s: 4.37-.00=4.37
The center pin attachment block tolerance height from base plate = 950+ 03
The cradle hole height from base plate (bottom of cradle) = 9.50+.06
The maxinmm nusahgnment = 03+.06 = .09
Thus half difference m slot height — cradle hole = (4.37-4.07)2 = 15
The minimum through hole due to misalignment = 4.07 — (.09-.15) = 4.130 inches
The maxinmm pin diameter 1s 4.002 nches.
min clearance = 4.130 — 4.002 = .128 inches

6.0 COMPUTER SOFTWARE USAGE

File hstings are generated using the “Get-ChildItem” command i PowerShell File listmgs mclude date and time
of most recent save, file size mn bytes, and file name Each SolidWorks calculation model consists of a large
number of part models as well as associated assembly models and drawings. The results of each SohdWorks
mass moments of merhia calculation are saved both as a .pdf text output as well as a _jpeg screen capture. The
screen captures are mcluded in Appendix A

COMPUTER RUN RECORD
R o St:m&nmmdﬁngsm&ebodyd
Software used SolidWorks 2014 x64 Edition
Computer name EGONSIOROWSKI1
Hardware (processor name) Intel® Xeon® CPU E5-1650 v2 @ 3.50 GHz
Operating system 64-bat Windows 7 Enterpnise, Service Pack 1
Unique nm identifier See input/output file names and associated date/time stamps
List of input/output files See input/output file names

Due to the large size of the SolidWorks model file histing (~800 lines), the file istng 15 contained m “SolidWorks
Model Listing txt”. The mass moments of merha calculation output files are hsted below.
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Directory: \Resultcs

Mode LastWriteTime Length Name

da—— a/z20/2017 1:28 PM Family 1

e a/2o0/2017 1:28 PM Family 2

d-—-- 3/20/2017 1:28 PM Family 3

- e a/20/2017 1:28 PM Family 4

—a=—= 3/14/2017 10:58 AM 144765 Ballast Load.JPG

—-a=—- 2/14/2017 10:57 AM 10997 Ballast Load.pdf

—a=—— 3/15/2017 11:36 AM 137925 Railcar Hardware.JPG

- 2/15/2017 11:35 AM 10825 Railcar Hardware.pdf
Directory: \Resulets\Family 1

Sy 2/8/2017 12:48 PM 139240 Hi-Star 100 Cradle JPG

—a=—- 3/8/2017 12:48 PM 10984 Hi-Star 100 Cradle.pdf

—-a=—— a/8/2017 1:08 PM 120662 Hi-Star 100 End Stop.JPG

—a=-- 3/8/2017 1:07 PM 11094 Hi-Star 100 End Svop.pdf

e 2/8/2017 12:49 PM 1291688 Hi-Star 100HB Cradle.JPG

- —— 2/8/2017 12:49 PM 11120 Hi-Star 100HB Cradle.pdf

S a/e/z2017 1:11 PM 122930 Hi-Star 100HB End Stop.JPG

——— a/8/2017 1:11 PM 11242 Hi-Star 100HB End Stop.pdf

-a=— 3/8/2017 12:51 PM 133115 Hi-3Star 180 Cradle.JPG

- a/8/2017 12:51 PM 10962 Hi-Star 180 Cradle._pdf

-a=—= 3/8/2017 1:13 PM 119588 Hi-Star 180 End Stop.JPG

- a/e/2017 1:12 PM 11092 Hi-Star 180 End Stop.pdf

- 3/9/2017 2:06 PM 139604 Hi-Star 1903L Cradle.JPG

—g— a/ej/2017 2:06 PM 10988 Hi-Star 1908SL Cradle.pdf

- 3/9/2017 1:58 PM 131224 Hi-Star 1903L End Stop.JPG

S 3/9/2017 1:57 PM 11027 Hi-Star 1903SL End Stop.pdf

-a=—= 3/9/2017 2:08 PM 142789 Hi-Star 190XL Cradle.JPG

=—ye—— a/9/2017 2:08 PM 10958 Hi-Star 190XL Cradle._pdf

—a——= a/e/2017 2:02 PM 129767 Hi-Stvar 190XL End Stop.JPG

—a——= a/s/2017 2:02 P 110923 Hi-Star 190XL End Stop.pdf

—_— 2/8/2017 12:53 PM 132045 Hi-Svar €0 Cradle.JPG

—-—a=—- 2/8/2017 12:52 PM 10988 Hi-Star 60 Cradle.pdf

—_—— 3/8/2017 1:14 PM 148088 Hi-3var €0 End Scop.JP&

——— a/ej2017 1:14 PM 11090 Hi-Star €0 End Stop.pdf

g e 2/8/2017 12:47 PM 132552 TH-232B Cradle.JPG

SR 2/8/2017 12:46 PM 11075 TN-32B Cradle.pdf

Sh——— a/e/z2017 1:04 PM 131297 TH-32B End Stop.JPG

e a/a/2017 1:023 PM 11077 TH-232B End Stop.pdf

e 2/8/2017 12:45 PM 13765€ TH-40 Cradle.JPG

—g—— 2/8/2017 12:45 PM 11018 TN-40 Cradle.pdf

—a=—= 3/8/2017 1:05 PM 134136 TN-40 End Stop.JPG

—_— a/8a/2017 1:05 PM 11079 TH-40 End Stop.pdf
Directory: \Resulets\Family 2

e 2/14/2017 11:41 AM 19401€ NAC MACNATRAN. JPG

o 2/14/2017 11:41 AM 10932 NAC MAGNATRAN.pdf

— 2/14/2017 11:46 AM 185932 NAC STC.JPG

-a--- 2/14/2017 11:45 AM 10861 NAC STC.pdf

- 2/14/2017 11:54 AM 194400 NAC UM3._JPG

- 2/14/2017 11:53 AM 10857 NAC UM3.pdf

gy—— 2/14/2017 1:48 PM 1753219 THN-68.JPG

—a--- 2/14/2017 1:44 PM 10870 TN-68.pdf
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COMPUTER RUN RECORD
Software used ] Excel 2010
Mode LastWriteTime Length Name
-a— 2/17/2017 3:37 PM 33918 Hand Calculation.xlsx

7.0 RESULTS/CONCLUSIONS

Results of this calculation are shown m Section 5.

F A Literature Search and other Background Data

A formal hiterature search was not apphicable to this scope of work. All requred background mformation 15 given
under Section 1.1, Prgject Background.
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APPENDIX A: SOLIDWORKS CALCULATION OUTPUTS
The mass moment of mertia for each cradle design is caleulated within SolidWorks. The personnel bamer
geometnes are not ncluded m each model but are mcluded m the assembly masses. The mass moments of merta
are taken at the center of gravity of each model and aligned wath the oufput coordinate system. The cradle masses
and center of gravities are overndden within SohdWorks using hand-calculated values (ovemding the center of
gravity does not change the output of interest).
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Cask Stop Weight
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Nominal End | Calculated Rotational Mass Moment of Inertia, (Ib*in®)
Cask Stop Weight - i
(Ib) Lm“““&')“" Axis || ateral Axis (y) | Vertical Axis (z)

HI-STAR 100HB 29,091 37918666 428 78764968 934 78321040.538
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Vertical Axis (z)

HI-STAR 60
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Nominal End | calculated Rotational Mass Moment of Inertia, (Ib*in®)
Cask Stop Weight

(Ib) Lmﬁi“'gl“" Axis | | ateral Axis (y) | Vertical Axis ()
38400938 954

HI-STAR 1905L 21,273

34801022559 | 35530097677
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Nominal
Central
Cradle

Calculated Rotational Mass Moment of Inertia, (Ib*in?)

Weight (Ib)

Longitudinal Axis
(x)

Lateral Axis (y)

Vertical Axis (z)

HI-STAR 190XL 13,636

32560719.604

41818847.892

52626917 611
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Nominal End | Calculated Rotational Mass Moment of Inertia, (Ib*i
Cask Stop Weight S i
(1b) Longitutinal AXIS | ateral Axis (y) | Vertical Axis (2)

HI-STAR 190XL 20,000 36701030.569 29459125.864 29937031.646
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A2 Family 2 Conceptual Cradles
A2l NAC MAGNATRAN

e

w [Frmvew
-]

[Ty wrae

Calculated Rotational Mass Moment of Inertia,

Nominal (Ib*in?)
T cradie ' I} ongitudinal Axis
Weight (Ib) 9 x) Lateral Axis (y) | Vertical Axis (z)
MAGNATRAN 42,000 107996978.993 | 214855253.714 | 284549589.354
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A22 NAC STC
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Nominal | Calculated Rotational Mass Moment of Inertia, (Ib*in®)

Cask Cradie z =
Weight (Ib) Lm“““:;‘" Axis | | ateral Axis (y) | Vertical Axis (2)
NAC-STC 42,000 107420031027 | 177507864.928 | 245802070276
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Al23 NAC-UMSUTC
Bras 4 - 414
S e

| I s S atomad |

Nominal Calculated Rotational Mass Moment of Inertia, (Ib*in®)

Cask Cradle e =
Weight (Ib) L°“°'t"&';"' Axis | | steral Axis (y) | Vertical Axis (2)
NAC-UMS UTC 42 000 108344606.230 215505186.896 283962578.070
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i Calculated Rotational Mass Moment of Inertia,
- o (trin’)
as r 2 =
Weight (Ib) Lm“'“‘;f;“' Axis | | ateral Axis (y) | Vertical Axis (2)
TN-68 27,000 70617158196 | 73796861.034 | 112935015900
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Al Family 3 Conceptual Cradles
A3l MP197
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Nominal Calculated Rotational Mass Moment of Inertia, (Ib*in”)
Cask Cradle T m
Weight (Ib) Lm“m'f;)“" Axis || ateral Axis (y) | Vertical Axis ()
MP197 26,000 53452253.91 5394455014 83293680.32
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Nominal | Calculated Rotational Mass Moment of Inertia, (Ib*in®)
Cask Cradle ——
Weight (Ib) '-°:g;‘“""‘“ Lateral Axis (y) | Vertical Axis (z)
s (x)
MP197HB 26,000 57567432.48 9016285239 | 11927000393
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Nominal Calculated Rotational Mass Moment of Inertia, (Ib*in®)
Cask Cradle S 2
Weight (Ib) '-°"9'“';';‘" Axis | | ateral Axis (y) | Vertical Axis (2)
T5125 30,000 63572365.81 130481181.83 160163420.08
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A4 Family 4 Conceptual Cradle
A41 MP187
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Nominal | Calculated Rotational Mass Moment of Inertia, (Ib%in?)
Cask Cradle o .
Weight (Ib) Lm““":’;,"" AXis | | ateral Axis (y) | Vertical Axis (2)
MP187 32,500 76512208.900 102544673910 129466464130
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APPENDIX B: ADDITIONAL DYNAMIC MODELING INPUTS
B.A Attachment Hardware Permanently Attached to the Railcar Deck

Permanently attached ratlcar hardware mmst be accounted for m TTCI's cask and cradle dynamac models. The
mass moments of inertia for the permanently attached railcar hardware are calculated in SolidWorks. The
hardware models are built n accordance wath drawing [4]. Hand-calculated hardware mass and center of gravity
from Table 9-1 m [9] are used, ovemding values calculated by SolidWorks. The hardware mass 15 28,331.6
pounds with a vertical center of gravity of 7.99 inches from the railcar deck (hardware 15 symmetncal along
longitudinal and lateral axes). Thmdducomposedofcabonmd(OJSIb’m’)mdmsml(OJQb’m’)
to establish the model weight distnbution. Mass moments of inertia are evaluated around the railear deck center
and are shown below.

T b e wi

[ERE |

| zadbur anin frdbrm

i vy b s

Nominal Calculated Rotational Mass Moment of Inertia, (Ib*in?)
Hardware

Weight (Ib) Lm““"(";;‘" Axis | | ateral Axis (y) | Vertical Axis (2)

28331.6 26899955.590 1233094554924 | 1258392165.941

Page L-53

February 2, 2018



Atlas Railcar Phase 2 Final Report
Report No.: DE-NE0008390

CALC-3015534-001

Page 53 of 53
A AREVA Federal Services LLC
AREVA Title: Atlas Railcar Cask and Cradle Dynamic Modeling Inputs
Doc/Rev.: CALC-30150834-001
Project: 0022503.0050 - DOE Atlas Railcar Page 53 of 53
B.2 Ballast Load

The Atlas railcar will requure addittonal mass, a ballast load, to be able to be transported without a cask and cradle
loading. The mass moments of inertia for the ballast load are calculated in SolidWorks. The hardware 1s bmlt in
accordance with drawing [21]. Hand-calculated load mass and center of gravity from Table 4-2 in [20] are used,
overnding values calculated by SohdWorks. The load mass 15 200,500 pounds for a ballast load par (one
assembly at each end of the railcar). The vertical center of gravaty i1s 32.42 inches from the bottom of the ballast
assembly (each ballast load 1s symmetrical along the longitudinal axis; a par 1s symmetnical along the lateral
axs). The ballast load pm hole center is 7.5 mches from the bottom of the ballast assembly [21], while the
attachment hardware pin hole center 15 10 inches from the railcar deck [4]. Thus, the vertical center of gravity of
the ballast assembly 1s (32.42-7 5+10) = 34.92 inches from the railcar deck. The model is composed of carbon
steel (0.28 Ib/in") and stainless steel (0.29 Ib/in’) to establish the model weight distribution. Mass moments of
Eee e e i
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. Calculated Rotational Mass Moment of Inertia, (Ib*in®)
Nominal Ballast
Weight (Ib " "
a Lm““"f:,“" Axis | | ateral Axis (y) | Vertical Axis ()
200,500 167079709.083 | 11282231600.224 | 11395215201.723
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