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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 RT-100 transport cask is required to meet the
requirements of 10CFR Part 71 (Ref. 3.1). The purpose of this calculation is to determine the
detailed cask component and assembly weights and to derive the location of the center of gravity
locations for the components and assemblies of the RT-100 transport cask. Weights and center of
gravity locations will be determined for fully assembled unloaded and loaded conditions.
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2.0 Summary of Results and Conclusions

Table 2.1 gives the weights and center of gravity locations for the itemized components. Weights
and center of gravity locations were determined using the ANSYS computer program (See Appendix
B for output). The center of gravity locations are based on a coordinate system located at the
bottom, center of the lower impact limiter, with (+y) as vertical up and (x) and (z) in perpendicular
horizontal directions. See Section 7.0 for example center of gravity location calculation.

Table 2.2 gives the weights and center of gravity locations for the itemized assemblies, including the
fully assembled cask. Weights and center of gravity locations for the assemblies and unloaded fully
assembled cask were determined using the ANSYS computer program (See Appendix B for output).
The center of gravity location for the loaded, fully assembled cask is calculated in Section 7.0. The
center of gravity locations are based on a coordinate system located at the bottom, center of the
lower impact limiter, with (+y) as vertical up and (x) and (z) in perpendicular horizontal directions.

Proprietary Information Content Withheld Under 10 CFR 2.390
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Table 2.2 - Assembly Weights and Center of Gravity Locations

Assembly ANSYS Component Weight Center of Gravity, Center of Gravity,
Name (kg) y-dir (m) x, z-dir (m)

Lower Impact Limiter BIL 2401 0.5161 0

Cask Body CASK 24472 1.4458 0

Primary Lid PLID 3668 2.7161 0
w/ bolts

Secondary Lid SLID 865 2.7365 0
w/ bolts

Upper Impact Limiter TIL 2458 2.8119 0

Total Assembly, TOTAL 33864 1.6494 0
empty

Total Assembly, N/A 40924 (1.6123,1.6800)' (+/-)0.02982
with payload

1) Determined using payload center of gravity at 10% of cask interior height
below or above the cask interior geometric centerline, respectively; see
Section 7.0 for calculation

2) Determined using payload center of gravity at (+/-)10% of cask interior
width away from the cask interior geometric centerline in horizontal
directions; see Section 7.0 for calculation
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3.0 References

3.1 Nuclear Regulatory Commission, 1OCFR Part 71, "Packaging and Transportation of
Radioactive Material"

3.2 Drawings
A. ROBATEL Industries Drawing RT100 PE 1001-1 Rev. D, "ROBATEL TRANSPORT

PACKAGE RT100 GENERAL ASSY SHEET 1/2"
B. ROBATEL Industries Drawing RT100 PE 1001-2 Rev. D, "ROBATEL TRANSPORT

PACKAGE RT100 GENERAL ASSY SHEET 2/2"
C. ROBATEL Industries Drawing 102885 PD 1012 Rev. B, "ROBATEL TRANSPORT

PACKAGE RT100 S/E EMBALLAGE DETAILS COUVERCLE PRIMAIRE"
D. ROBATEL Industries Drawing 102885 PD 1013 Rev. B, "ROBATEL TRANSPORT

PACKAGE RT100 S/E EMBALLAGE DETAILS COUVERCLE SECONDAIRE"
E. ROBATEL Industries Drawing 102885 PD 1031 Rev. B, "ROBATEL TRANSPORT

PACKAGE RT100 S/E EMBALLAGE DETAILS CAPOT INFERIEUR"
F. ROBATEL Industries Drawing 102885 PD 1032 Rev. B, "ROBATEL TRANSPORT

PACKAGE RT100 S/E EMBALLAGE DETAILS CAPOT SUPERIEUR"
3.3 ANSYS - Mechanical, Version 14, ANSYS, Inc., Canonsbury, PA 15137 (See note)
3.4 NRC Memorandum "Summary of June 26-27, 2012, Meeting with ROBATEL Technologies,

LLC," (Non-Proprietary Version), ADAMS Ascension No. ML12200A018
3.5 Fundamentals of Heat and Mass Transfer, Frank P. Incorpera, David P. DeWitt, 2002, 51h ed.,

John Wiley & Sons, Inc.
3.6 Design Guide, "LAST-A-FOAM FR-3700 Crash & Fire Protection of Radioactive Material

Shipping Containers," dated 02/23/2012, General Plastic Manufacturing Company

Note: ANSYS is a commercially available computer software that is procured and maintained under the
Enercon Services QA program.
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4.0 Assumptions

There are no unverified assumptions in this calculation. Other design assumptions used, if any, will
be noted and referenced as needed in the body of the calculation.

5.0 Design Inputs

5.1 The maximum payload weight is 15,000 lbs, or 6,803.9 kg (see Appendix A). Conservatively,
a value of 7,060 kg will be used for this evaluation.
Proprietary Information Content Withheld Under 10 CFR 2.390

6.0 Methodology

The RT-100 transport cask will be a safety-related structure in accordance with 10CFR 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, a pair of removable stainless steel
lifting pockets on opposite sides of the cask body and a pair of stainless steel tie-down arms on
opposite sides of the cask body (Ref. 3.2).

Components of the RT-100 cask will be created in the ANSYS computer program (Ref. 3.3).
Geometric features and material types of all components will be confirmed against the drawings
(Ref. 3.2). However, for simplification of the model, intricate cask details such as chamfered edges
were not modeled. This leads to a maximum of 5% difference in weight between the model and the
drawings. This has an insignificant effect on the center of gravity locations for the fully assembled
unloaded and loaded cask and is therefore acceptable.

The ANSYS command VSUM will be used to obtain the weight and center of gravity locations of the
components and assemblies. However, weights calculated in the ANSYS computer program are
doubled as only half of the cask is modeled (see Appendix B for cask image).

The center of gravity locations are based on a coordinate system located at the bottom, center of
the lower impact limiter, with (+y) as vertical up and (x) and (z) in perpendicular horizontal directions.
In order to determine the center of gravity locations for components and assemblies based on the
bottom, center of the lower impact limiter, the ANSYS coordinate system must be adjusted in the
vertical direction (see Section 7.0 for example calculation).

A maximum payload of 7,060 kg will be applied to the fully assembled cask in order to determine the
weight and center of gravity locations for the loaded, fully assembled cask (see Section 7.0). Per
Reference 3.4, the cask "contents shall be placed such that the CG of the package is at
approximately the same location as the geometric center of the package - approximately the same
location being defined as having a ±10% difference in distance of the cavity inside dimensions from
the geometric center of the package in any direction." All other horizontal center of gravity locations
are assumed to be located at the geometric center of components and assemblies.
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7.0 Calculations

Adjusting ANSYS Coordinate System

ycg = distance from base of lower impact limiter to ANSYS coordinate system (+) component/assembly
center of gravity based on ANSYS coordinate system

Example (center of gravity location of component BIL_FR3705):

Ycg = 0.497 + (-)0.318 = 0. 1 79m

Center of Gravity Locations of Payload

The payload center of gravity located at 10% of the cask interior height below the cask interior geometric
centerline was determined as follows:

ycg = distance from base of lower impact limiter to base of cask interior (+) distance to center of cask
interior (-)1 0% of the cask interior height

Ycg = 0.652+ 1.956 _ (1.956 x 0. 1) = 1.4344m2

The payload center of gravity located at 10% of the cask interior height above the cask interior geometric
centerline was determined as follows:

Ycg = distance from base of lower impact limiter to base of cask interior (+) distance to center of cask
interior (+)1 0% of the cask interior height

1.956
Ycg = 0.652 + + (1.956 x 0.1) = 1.8256m

2

The payload center of gravity located at (+/-)10% of the cask interior width away from the cask interior

geometric centerline was determined as follows:

Xcg = Zcg = (+/-)1 0% of the cask interior width

XCg=Zcg= +/- (1.730 x 0.1) = +/- 0.1730m

Center of Gravity Locations of Total Assembly with Payload

The center of gravity for the loaded total assembly, using a payload center of gravity 10% of cask interior
height below the cask interior geometric centerline, was determined using the following equation:

N

Z'' -= (33864 x 1.6494) + (7060 x 1.4344)
Ycg - M 40924 =1.6123m

Where: ycg = distance to center of gravity in y-direction (m)
mi = weight of each assembly (kg)
y, = center of gravity of each assembly in the y-direction (m)

M= total mass (kg)
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The center of gravity for the loaded total assembly, using a payload center of gravity 10% of cask interior
height above the cask interior geometric centerline, was determined using the following equation:

N

Z 3" (33864 x 1.6494) + (7060 x 1.8256)

Y'g M 40924 =

Where: ycg = distance to center of gravity in y-direction (m)
mi = weight of each assembly (kg)
y, = center of gravity of each assembly in the y-direction (m)

M = total mass (kg)

The center of gravity for the loaded total assembly, using a payload center of gravity (+/-)1 0% of cask
interior width away from the cask interior geometric centerline in the horizontal directions, was determined
using the following equation:

N N
Mi"/xt MI'IZ,

Z -' i=1 _ (3 3 86 4 x O) + (7 060 x O. 17 3 ) 00 2 9 8 m
Xcg Z M M 40924

Where: Xg, Zcg =distance to center of gravity in perpendicular, horizontal directions (m)
mi = weight of each assembly (kg)
xi, z, = center of gravity of each assembly in perpendicular, horizontal directions (m)

M = total mass (kg)

Table 7.1 - Weights and Center of Gravity Locations

Assembly ANSYS Component Weight Center of Gravity, Center of Gravity,

Name (kg) y-dir (m) x, z-dir (m)

Payload N/A 7060' (1.4334, 1.8256)2 (+/-)0.17303

Total Assembly, TOTAL 33863 1.6494 0
empty

Total Assembly, N/A 40634 1.6123, 1.6800 (+/-)0.0298
with payload I

1) See Section 5.0 for payload weight determination
2) Payload center of gravity is 10% of cask interior height below or above the

cask interior geometric centerline, respectively
3) Payload center of gravity is (+/-)10% of cask interior width away from the

cask interior geometric centerline in horizontal directions
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Johnathon McFarland

From: Curt Lindner [clindner@robateltech.com]
Sent: Friday, July 06, 2012 4:04 PM
To: John Staples; Johnathon McFarland
Subject: RT-100 - Maximum Payload and Gross Weights

For the purposes of preparing the lifting, tie-down and bolting analyses, consider a maximum payload weight as 15000
lbs (6820 kg) and a maximum total weight of 41,000 kg (90,200 Ibs). Thesevalues bound the sum of the maximum gross
weight in the procurement agreement and the maximum cask weight of 34054 kg (74,920 Ibs) per Robatel drawing RT-
100 PE 1001-1, Rev. C.

Curt Lindner

Lead Engneer, Advanced Analysis

0 E N E R C 0 N i FEDERAL SERVICES, INC.

cli ndnert- enercon. corn
office: 770-497-8818 x237
cell: 678-362-7110



CALC. NO. RTL- 001-CALC-ST-0101

0j E N E R C O N CALCULATION CONTROL SHEET REV. 0
E eence-Evey yiogecveryd Appendix B

PAGE NO. Bl of B16

Appendix B

ANSYS Output



CALC. NO. RTL- 001-CALC-ST-0101

0 E N E R C O N CALCULATION CONTROL SHEET REV. 0
Excellc-Evety project Every o. Appendix B

PAGE NO. B2 of B16

Proprietary Information Content Withheld Under 10 CFR 2.390



CALC. NO. RTL- 001-CALC-ST-0101

) E N E R C O N CALCULATION CONTROL SHEET REV. 0
Excelence-Eeyprojec Eveyay. Appendix B

PAGE NO. B3 of B16

Proprietary Information Content Withheld Under 10 CFR 2.390



CALC. NO. RTL- 001-CALC-ST-01010 E N E R C 0 N CALCULATION CONTROL SHEET
fcellene-Eely o~jen Eey day Appendix B

PAGE NO. B4 of B16

Proprietary Information Content Withheld Under 10 CFR 2.390



CALC. NO. RTL- 001-CALC-ST-0101

0 E N E R C O N CALCULATION CONTROL SHEET REV. 0
fEceflence--Every pfoject Eveaoy Appendix B

PAGE NO. B5 of B16

Proprietary Information Content Withheld Under 10 CFR 2.390



0 E N E R C O N CALCULATION CONTROL SHEET
E cellmce--efyproject Everyday Appendix B

CALC. NO. RTL- 001-CALC-ST-0101

REV. 0

PAGE NO. B6 of B16

Proprietary Information Content Withheld Under 10 CFR 2.390



0 E N E R C O N CALCULATION CONTROL SHEET
Exc,,len --Evey pojeL Every d Appendix B

CALC. NO. RTL- 001-CALC-ST-0101

REV. 0

PAGE NO. B7 of B16

Proprietary Information Content Withheld Under 10 CFR 2.390



CALC. NO. RTL- 001-CALC-ST-0101

E N E R C O N CALCULATION CONTROL SHEET
Eacellence-Everypojecn Everyday Appendix B REV. 0

PAGE NO. B8 of B16

Proprietary Information Content Withheld Under 10 CFR 2.390



CALC. NO. RTL- 001-CALC-ST-0101

0 E N E R C O N CALCULATION CONTROL SHEET REV. 0
Excelence-Eely weojle Every day. Appendix B

PAGE NO. B9 of B16

Proprietary Information Content Withheld Under 10 CFR 2.390



Ij E N E R C O N CALCULATION CONTROL SHEET
Ee/'n•e-Ev-ry ooject Evetyday Appendix B

CALC. NO. RTL- 001-CALC-ST-0101

REV. 0

PAGE NO. B10 of B16

Proprietary Information Content Withheld Under 10 CFR 2.390



0 E N E R C O N CALCULATION CONTROL SHEET
Exceltence-EEvety pfojec. Evety doy Appendix B

CALC. NO. RTL- O01-CALC-ST-0101

REV. 0

PAGE NO. Bll of B16

Proprietary Information Content Withheld Under 10 CFR 2.390



EK EE R O A CALCULATION CONTROL SHEET
b.e~efln--Emey p~ojec Evy day Appendix B

CALC. NO. RTL- 001-CALC-ST-0101

REV. 0

PAGE NO. B12 of B16

Proprietary Information Content Withheld Under 10 CFR 2.390



CALC

0 E N E R C O N CALCULATION CONTROL SHEET REV.
E•cellence--vy >,oje, &ery c. Appendix B

PAGE

. NO. RTL- 001-CALC-ST-0101

0

.NO. B13 of B16

Proprietary Information Content Withheld Under 10 CFR 2.390



CALC. NO. RTL- 001-CALC-ST-0101

01 E N E R C O N CALCULATION CONTROL SHEET REV. 0
&cellenceEm , poject Eveyday Appendix B

PAGE NO. B14 of B16

Proprietary Information Content Withheld Under 10 CFR 2.390



CALC. NO. RTL- 001-CALC-ST-0101

O E N E R C O N CALCULATION CONTROL SHEET REV. 0
E•lece-Evety atoje Everyday.Appendix B

PAGE NO. B15 of B16

Proprietary Information Content Withheld Under 10 CFR 2.390



O ENERCON
Etcellence-Eety project Every day

CALCULATION CONTROL SHEET
Appendix B

CALC. NO. RTL- 001-CALC-ST-0101

REV. 0

PAGE NO. B16 of B16

Proprietary Information Content Withheld Under 10 CFR 2.390



CALC. NO. RTL- 001-CALC-ST-0101

() E NE R Co N CALCULATION CONTROL SHEET REV. 0
E•cellen•e•-vypoject Eey Appendix B

PAGE NO. Cl of C2

Appendix C

ANSYS Input



CALC. NO. RTL- 001-CALC-ST-0101E N E R C 0 N CALCULATION CONTROL SHEET
bcellence-E-ety projea Eeryday. Appendix B

PAGE NO. C2 of C2

The following ANSYS files are used in this calculation:

Volume in drive M has no label.
Volume Serial Number is 164B-772E

Directory of M:\Projects\ROBATEL\ROBATEL002 - RT-100 Calculations\3.0 Calculations\Civil\ST0101
Wgt n CG RT100\ANSYSFILES

08/28/2012 01:26 PM <DIR>
08/28/2012 01:26 PM <DIR>
08/28/2012 01:21 PM <DIR> Archives
08/28/2012 01:24 PM <DIR> Backup
08/28/2012 08:18 AM 988 BIL.txt
08/28/2012 08:18 AM 988 BILFR3705.txt
08/28/2012 08:18 AM 988 BILFR3720.txt
08/28/2012 08:18 AM 988 BILFR3740.txt
08/28/2012 08:18 AM 988 CASK.txt
08/28/2012 08:18 AM 988 CASKPB.txt
08/28/2012 01:26 PM 0 filelist.txt
08/28/2012 08:18 AM 988 PLID.txt
08/28/2012 08:18 AM 988 SLID.txt
08/28/2012 08:18 AM 988 SLIDPB.txt
08/28/2012 08:18 AM 988 TIL.txt
08/28/2012 08:18 AM 988 TILFR3705.txt
08/28/2012 08:18 AM 988 TILFR3720.txt
08/28/2012 08:18 AM 988 TILFR3740.txt
08/28/2012 08:18 AM 988 TOTAL.OUT
08/28/2012 09:03 AM 117,637,120 WGTCG.db
08/28/2012 08:18 AM 117,571,584 WGTCG.dbb
08/28/2012 09:03 AM 956 WGTCG.err
08/26/2012 02:16 PM 2,214 WGTCG.inp
08/28/2012 09:03 AM 2,682 WGTCG.log
08/28/2012 08:13 AM 51,519 WGTCGOOO.png
08/28/2012 08:14 AM 51,515 WGTCGO01 .png

22 File(s) 235,331,422 bytes
4 Dir(s) 1,622,861,828,096 bytes free

These files are archived in the ENERCON project files and provided to the client in electronic format.


