OFFICE OF CIVILLAN RADIOACTIVE WASTE MANAGEMENT 1. QA: OA
CALCULATION COVER SHEET bagei 1 Of: 12

e Ctlailatlen Titls
Structural Calenlations for the Lifting in Vertical Orientation of 5-DHLW/DOE SNF Single CEM Waste Packages

2. Oocument Identifier (ncloding Ravigien Mutmbear
CAL-DDC-ME-0MI001 REY 00

4, Towal Attaghments &. Attachment Bumbsrs - Number of papges in wach
5 1-3, I1-4, II1-3, IV-10, V-10

MOL.1353102%. 01587 —

Print MWarma Skynatura - Cats
6. Originator Sreten Mastilovic IC/18/97
7. Checker Michael J. Plinski
A2
B. Lead Scott M. Bennett o fez {7
9, Remarks

Ravision History

10. Rewision ko, 11. Desanption of Revision

rEv 00 Tmtal 1ssue

AP-3120.1 Rev. 08/30/19%0



Waste Package Operations Caleulation
Title: Structural Calcutations for the Lifting in Vertical Orientation of S«-DHLW/DOE SNF Single
CRM Wagste Packages
Diocument Identifier: CAL-DDC-ME-000001 REY 00 Pag,e 20f 12
CONTENTS
Page
D L 10 ] O 3
2. IMIETHOD . oo e et e e et e et e b e es e eaes s ceesbs bt ns semdssassasaason s 1ema 2 1asa ssnd s aas 1ses 3
3. ASSLIMPTIONS et ee et e es s conast pe e e e e e e smeeaesaemsnemeese st nsgsas 12 ssnnsmsan 3
4, USE OF COMPUTER SOFTWARE AND MODELS ........conicmirmnmrrninnimssessnesenassrsssssnnssses 5
5, CALCULATION Lot eeiee s e sttt s sst 1 et ssanssass st asdnnnenseemsebmesannse e s e et eeasssasasnnsnssas 6
5.2 FINITE ELEMENT REPRESENTATION ......oveevriveetimnsinsnsnssssssssssssssssmsnssssssseessseorsn e §
3.3 DISTRIBUTED LOAD CALCULATIONS ..o rieecerecerceceeeme s emessesnesess emsts e s :
TR % 21 0 0 O U 10
T AT T A THIM N T8 e s e et e e e e et e e e e e emesaeemennemeos fes 1 aaes e ntas e 11
8. REFERENUTES ...ttt et st armit st sms e s e st e nm e e e emsaae e me e e et n e as a4 e mi 4ot 12



Waste Package Operations Calenlation

Title: Structural Calculations for the Lifting in Vertical Orientation of 5-DHLW/DCOE SNF Single
CRM Waste Packages
Document Identifier; CAL-DDC-ME-000001 REV 00 Page 3 of 12

I. PURPOSE

The purpose of this activity is to determine the structural response of the extension of cuter shell
{which is referred to as skirt throughout this document) designs of both long and short design
concepts of 5-Defense High-Level Waste (DHL W)/ Departmient of Energy (DOE) spent nuclear fuel
{SNF) singie corrosion resistant material {CEM) waste packages (WP) (see p. II-1 and p. 11-3),
subjected to a gravitational load in the course of lifting in wverfical orientation. The scope of thizs
decument is limited 1o reporting the calculation results in terms of stress intensity magnitudes. This
activity 15 associated with the WP design; calculations are perfonmed by the Waste Package Design
group, AP-3.12Q, Revision 0, ICN 0, Calevlations, is used o performa the calculation and develop
the document. )

2, METHOD

The finite element solutions are performed by making use of the commercially available ANSYS
Version (V) 5.4 finite element code. The mass calculations are performed by using an industry
standard Pro/Engineer Version 20.0 software. The results of these calcniations are provided in terms
of maximum stress intensity magnitudes for twe different WP design variations.

3. ASSUMPTIONS

In the course of developing this document, the following assumptions are made regarding the 5-
DHLW/DOE SNF single CRM WP structural caleulations.

3.1 Some of the temperatre-dependent material propeities were not available for SB-575
NO6022 (Alloy 22) and SA-579 K92820 (18NI [250] maraging steel [MS]). Therefore, room-
temperatare (20 ) matetial properties are assumed for both materials. The impact of using
room-tempetature material properties is anticipated to be small. The basis for this assumption
is that the mechanical properties of said materials do not change significantly at the WP
temperatures expetienced during handling and lifting operations. This assumption s used in
Section 5.1.2,

3.2 Lifting pin is assumed to be made of 18Ni (250) MS. The basis for this assumption is that
this steel is extensively used when the excellent mechanical properties combined with
superior fabricability {in particular, the lack of distortion during age hardening) are required.
No additional basis for this assumption is deemed fo be necessary in this document, since
future analyses will be performed to determing the adequacy of the current design including
the materials selection, This assumption is used in Section 5.1.2 and Section 5.2,

3.3 The magnitudes of the contact stiffness between the skirt and the lifting pin is assumed to
be 1.10° N/m. The basis for this assumption is explained below:
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3.5

The magnitude of the contact stiffness between surfaces is one of the parameters that affects
1he resuits, If the contact stiffness vahue is very large, stiffness matrix ill-conditioning and
divergence oceur. On the other hand an extremely small contact stiffness value resulis in
compatibility viclations, Therefore, an optimum value for the contact stiffness is one that
is between and is arrived at iteratively. This azsumption is used in Section 5.2.

The finite element representations include only the WP skirt and the lifting pin. Consequently
the distributed load resulting from the WP mass (excepting one skirt mass} is applied
uniformty on the skirt cut-plane cross-sectional area where the skirt joing the WP. The basis
for this assumpiion is that the unavoidable, slight deviation from uniform load distribution,
caused by the WP geometry, does not significantly mfluence the calculation results. This
assumption is used in Section 5.2 and Section 5.3,

The boundary conditions in the finite element representations include fixed nodes at the
bottom sueface of the lifting pin {supressed both translations and rotations). The basis for this
assamption is that the details of the lifting device are unknown at the present, and that, since
the lifting pins have large cross sectional dirnensions compared to their lengths (see p. 11-2
and p. [I-4), the small deflection of the pin fixed in cantilever-beam configuration, although
it changes the stress distribution along the skirt thickness (e.g., lifting pin length} in the
contact region, nonetheless does not have significant effect on maximum stress intensity.
This assumption is used in Section 5.2.
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4. USE OF COMPUTER SOFTWARE AND MODELS

The finite element analysis computer code used for this calculation is ANSYS V3.4 which is
identified wath the Computer Software Configuration Item (CSCI) 30040 V3.4 and was obtained
from Software Configuration Management in accordance with appropriate procedures. ANSYS
V3.4 is a commercially available finite element analysis code and is appropriate for structural
caleylations of waste packages as performed in this ¢aleulation. The <zleulations using the ANSYS
V5.4 software were executed on the Hewleti-Packard (HP) workstation identified with Civilian
Radioactive Waste Management System (CRWMS) and Operating Contractor (M&O) tag number
70387, The software qualification of the ANSYS V5.4 software is summarized in the Software
Qualification Report for ANSYS V54 (Ref. 2). Qualification of ANSYS V5.4 on the Waste
Package Operations {WPO} HP UNIX workstations is documented in Reference 5. The ANSYS
evaluations performed for this design are fully within the range of the validation performed for the
ANSYS V54 code. Access to the code was granted by the Software Configuration Secretary in
accordance with the appropriate procedures.

Industry standard software used in this caleulation is Pro/Engineer Version 20.0. This software is
executed on the HP workstation. Pro/Engineer Version 20.0 is not controlled computer software, and
it has not been qualified under the Office of Civilian Radioactive Waste Management (OCRWM)
procedures,

Attachments [V and V contain the input/output data obtained from Pro/Engineer Version 20.0. The
mass densittes given in Section 5.1.2 are used as inputs to Pro/Engineer Version 20,0 and
corresponding masses of WP components are obtained for the use in structural evaluations. There
are no user-vperated equations of mathematical models, algorithms, or numerical selution techniques
applicable to the software soutine since Pro/Engineer Version 20.0 {s an engineering drawing
software package and the subject mass calculations are performed by the source code, based on the
dimensions of structural components and the mass density of materials. Verification of this software
is accomphished by two test cases, one for each waste package, as described in Section 5.1.1. The
rangs of input parameter values is limited to the dimensions of the structural compenents used in
those cases; all mass caleulations depend on specific geometry of the subject components. No
limitations are identified on software routine applications or validity.
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5. CALCULATION

31 CALCULATION DATA
5.1.1 Mass of Waste Packages

Total mass of 5-DHLW/DOE SNF-long single CRM WP loaded with HLW canisters and DOE SNF
=56263kg (see p. II-1)
Totat mass of S-DHLW/DOE SNF-short single CRM WP joaded with HLW canisters and DOE SNF
=371710 &g (see p. I1-3)

One of the 5-DHLW/DOE SNF-long single CRM WP structural components, the outer shel! lid, is
selected for verification of the mass obtained from Pro/Engineer Version 20.0. The mass of this
component is determined as product of the mass density {see Section 5.1.2) and the volume, using
the dimensions provided on page II-1:

Mass = 8690.0.025.1.983° 1 /4 = 670.95763 kg

The mass obtained by preceding calculation is identical to the mass provided on page [V-4.
Preceding verification procedure is valid for the outer shell hid of the 5-DHLW/DOE SNF-short
single CRM WP as well, since the geometric dimensions, and the material are the same.
Consequently, it can be verified that the mass obtained in previous calculation is identical to the
mass presented on page V-5.

5.1.2 Material Froperties

Waste package skirt and lifting pin material properties used in the calculations are listed in this
section. Some of the temperature-dependent material properties were not available for Alloy 22 and
18Ni {2500 MS; therefore, room-temperature material properties were used in calculations
{Assumiption 3.1).

SB-575 NO802Z2 (ASTM B 575) (Alloy 22. Waste package skirt, Ref. 4, Table 5-4):

. Density = 8690 kgrn' (0.314 ib/in’y (Ref. 7, p. 2)

. Yield sirenpth = 310 MPa (45 ksi) (Ref, 7, Table 3)

. Tensile strength = 690 MPa (100 ksi) (Ref. 7, Table 3)

» Poisson’s ratio was not available for Alloy 22. Since the chemical compositions of Alloy
22 and Alloy 625 are similar (see Ref. 7, Table I and Ref. 6, p. 143), Poisson’s ratio of Alioy
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625 is used for Alloy 22: Poisson's ratio = (.278 (Ref. 6, p. 143}

» Maodulus of elasticity = 206 GPa (29.9:10° psi ) (Ref. 3, p. 14)

SA 579 K92820 (ASTM A 579) (18Ni [250] Grade 72 MS., Lifting pin, see Assumption 3.2):
* Density = 8000 kg/m’ (Ref. 1, p. 451)

* Poisson's ratio = 0.3 (Ref. 1, p. 451}

. Modulus of elasticity = 186 GPa (Ref. 1, p. 451)

5.2 FINITE ELEMENT REPRESENTATION

Two different three-dimensional finite element representations are developed using the dimensions
provided in Attachment il, corresponding to the two WP gkirt design variations being investigated
for the 5-DHLW long and short waste packages. The finite elernent representations include only the
WP skist and the lifting pin (see Figure [1I-1); consequently, the distributed load resulting from the
WP mass (excepting the skirt mass) ts applied uniformly on the skirt cut-plane cross-sectional area
where the skirt joins the WP (zee Assumption 3.4). These finite element represeniations make vse
of one-third circumnferential symmetry. This modeling spproach to the WP lifting i vertical
orientation has the benefit of reducing the computer execution time while preserving all features
relevant for the structural calewlation.

Contact clements are used 1o represent contaci berween the lifting hole and the lifiing pin. The
magnitude of the contzct stifiness is one of the parameters that affects the results, If the stiffness
value is very large, stiffness matrix ifl-conditioning and divergence oceur. On the other hand an
extremely small stifiness value results in compatibility wviclations. Having that in mind, an optimum
value for the contact stiffness that works best, 1-10° ¥/, is determined as the results of succesive
iterations (see Assumption 3.3).
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3.3 DISTRIBUTED LOAD CALCULATION
5.3.1 Distributed Load Calculations for the 5-DHLW/DOQE SNF-Long Single CRM WP

In order to simplify the finite element representation, the extension of the outer shell (skirt) is
izolated from the WP and the effect of the WP is taken into account by a uniformly distributed load
applied on the cut-plane of the skirt (see Assumption 3.4). The following parameters are defined
which will be used in the calculations of the magnitude of distributed Joad:

m = total mass of loaded WP

m = total mass of loaded WP excluding one skirt
m_ = sKitt mass

V, = skirt volume

A = area of skirt cross section

£ = skirt length

T, = skirt thickness

D = skirt outer diameter

D= skirt inner diameter

D, =lifting hole diameter

£, = mass density of skirt material (Alloy 22)
g = gravitational acceleration

The thickness, area of cross section, and volume of the skirt are, respectively:
T.={D, - D,){2=(2.130-2.030}/2 = 0.05000 m (p.Il-1)

d, =(P? - D?)r /4 = 2.130° - 2.030% ) /4 = 0.3267 m?
V.=d L —3DTa}4=03267-0350-3-0.210° - 0.057/4 = 0.1091m> {p. II-1)

Therefore, the total mass of the WP excluding one skirt is:
m,=m—m, =m—p ¥V, =56263-8690-0.1091=355310kg (ses Section 5.1.1}
Finally, the distributed load is:

p=m,gfA4 =53310.9.81/0.3267 = .66 MPua
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5.3.2 Distributed Load Calculadions for the S-DHLW/DOE SNF-Short Single CRM WP

A caleulation similar fo the one presented in the preceding section is performed in order to determine
magnitude of the distributed load on the skixt of 5-DHLW/DOE SNF-short single CRM WP. The
parameters used in the following calculations are previously defined in Section 5.3.1.

The thickness, T, = 0.05000 m2, and the area of cross section, 4, =0.3267m?, are the same as for
the long WP design. The volume of the skirt is:

V.= A4 L —3D!T z/4=03267-0280-3-0.130" -0.057/4 = 0.08949m* (p. II-3}
Therefore, the total mass of the WP excluding one skirt is:

M, =m—m,=m—p V¥V =37710-8650- 008949 = 36,930 kg (sec Section 5.1.1)
Finally, the distributed load is:

p=m,gfd =36930-9.81/03267 = 1.11 MPa
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6. RESULTS

Unqualified data were used in the development of the results in this document. If the results from
this document are nged as input into documents directly relied upon for radiclogical safety or waste
isolation issues, than unqualified inputs are required to be identified and tracked as TBY (to be
verified} in accordance with appropriate procedures (see AP-3.130, Revision 0, ICN I, Managing
Techrical Product fnputs, Aachmery 3).

The design inputs (hole diameters and skirt lengths) for the structural calculations for the lifting in
vertical orientation of both, fong and short, design concepts of 5-DHLW/DOE SNF single CRM WP
are summarized in Table §-1.

Tabbe 6-1. Deslign Inputs for the Lifting in Vertical Orientation of 5-DHLW/DOE ZNF Single CRM Waste
Packages

Hole diametsr (mrm} Skirt length {mm}
210 350
Lon {Raferance & Aftachment Vi, line # 118) {Referance 8 Attachment VI, line # 117}
130 230
Short | (Reference 8, Attechment VIl lins # 118) | {Reference 8, Attachment VINL, line # 117)

The results corresponding to these two (long and short) design concepts show that the maxirmum
stress intensities in their skirts are: 99 MPa (Reference 8, Attachment VI, line # 357), and 97 MPa
(see Reference 8, Attachment I, tine # 356), respectively. These stress intensity magnitudes are less
than one third of the yield strength {310 AfFa) and one fifik of the tensile strength (690 MPg) of
Alloy 22 (see Section 5.1.2).
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7. ATTACHMENTS

Attachment I {3 pages): Document Input Reference Sheets

Attachment II (4 pages): Design sketches
Attachment III (3 pages): Figures obtained from ANSYS

Attachment IV (10 pages):  5-DHLW/DOE SNF-long single CRM WP structural component
magses

Attachment V (10 pages):  5-DHLW/DOE SNF-short single CEM WP structural compenent
MASSES

Attachments VI through IX have been moved to Reference 8. The following is the list of electronic
files including names, dates, times and sizes available in that reference. Note that thess are no longer
attachments to this document; they are listed for information only.

Description Date Time Size
Attachment V1: lift] a1 0811599 t 2:37 pm 141 KB
Attachment VII: Tift].at? 08/23/99 | 10:56 am 15 KB
Attachment VIII: lift 1. a8 09/20/9% | 10:i6am | 141 KB
Anachment IX: lift] a9 09/20/99 | 10:19 am L5 KB
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Figure [11-1. Finite Element Representation of the 5-DHLW/DOE SNF Single CRM WP Skirt and Locking Pin
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Figure III-2. Stress Intensity Plot for the skirt of the 5-DHLW/DOE SNF-Long Single CRM WP
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Figure 1II-3. Stress Intensity Plot for the Skirt of the 5-DHLW/DOE SNF-Short Single CRM WE
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Mass Properties of 5-DHLW/DOE SNF-Long Single CRM Waste Package

MasS PROPERTIES QF THE PART SCHLW GDIDETUBE LOMNG-3SCEE

VOLUME = 2.4504321e+048 MHK"3
SUR¥FACE ABEL = 1.554217Z2e+07 MM"2
DEWSITY = 7.B500000e-06 KILOGRAM / MM~3
MASS = 1.923595Z2&+03 KILOGRAM
CENTER OF GRAVITY with respact to  SOHLW GUIDETURF coordinate frame:
b H Z 0.0000009e+00 2, 3035000e+03 0, C000000=+00 M
IMERTIE wath respect to  SDHLW GUIDETUEE  coordinate frame:  (KILOGRAM *+ MM~2)

INERTIRA TEWNSOR:
Tz Imy Ixz 1.36776453e110  0.0000000e+040 -3.B353318e+04
Iyx Iyy Iyz 0.0000000.+00  1.37230632+404  0O.C000000&+00
Izx Izy Izz -3.B353318e+04d  0.00000002+00 1.387766Be+10

INERTILA at CENWTER OF GRAVITY with xespect to  SDHLW GUIDETURE  coordinate frame:
{KILOGRAM + MM=2)
IMERTIA TENSOR:

Trx Iny Ixz 1. 47086302408 0, 0000000e+06 -3, 83533182 +04
Tys Iyy Tyz 0.00000002400  1.37223063e+08  0,0000000e 100
Tex Izy T2z -3.B353318e+04 0.000C000e+00 3. 47088702+09
FREINCIFAL MGMENTS QOF INMERTIA: (KILOGRAM * #HMM~Z})
11 Iz I3 1.37250632408  3.4708351e+08  3.47091582+09
FOTATICGN MATEIX from _SDHLW_GUIDETUEE_ oriantation to PRINCIFAL AxXkES:
0.00000 -0.BOBE3 -0, 58805
1.00000 . 00000 0. 00000
0. 00000 -G . 5HE0S 0.80333

ROTATION AMGLES from _SDHLW_GUIPETDEE  orlentalion to PRINCIBRL RAXES (degrees):
angles about = 0y = 0.000 -36.01% G0.000

BRAGIT OF GYRATION with respect to FRINCTRAT RXES;
El B2 RZ 2.69709721e+02  1.3432623e+03 134327752703 MM
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Mass Properties of 5-DHLW/DOE SNF-Long Single CRM Waste Package

MASS FROFERTIES OF THE PART SOHLW _INWERBARRIER_LONG-5CRM

VCLUME = 1.461%092c+0% MM*3
SURFACE AREA = 5. 91431%532&+07 MM~2
CENS1TY = 7.9900000e-0& KILOGEAM / MM™3
MASS = 1.1662842¢+04 KILOGEAM
CENTER OF GEAVITY with respect to _SOHLW _INMERBRRRI ccordinate frame:
X b 2 0.0000000e+00 2, 41350002+03  0.,00000002+00 b
IHERTIA with respect to SDHLW_IMMERBARRI coordinate frame: (EILOGRAM * MM"Z)

INERTIR TER3OR:
Tux Iny Inz 9. 5%960524ev10 0.0000CC0e+00 -3,03758T6e+06
Iyx Iwy Iye 0.0000000e+00 1.9868717<+10 0.0000000e+00
Taw I2y l:iz =3.032759%0e+06 Q. Q000000:+00 9, 3284 98e+]10

INERTIA at CENTER OF GEAVITY with respect to 5SDHLW INWERBARRI coordinate frame:
(KILOGERM + ME~2)
TRERTIA TENSCER:

Ixx Ixy Ixz 2.802496682+10  O0.0000000&+00 =3.037Th976a+06
Iws Iyy Iyz O,0000000=+00  1.0868717=+10 0. 0000000=+00
Tzx Tzy Iz2z —-3.03759%0e+0% 0. 000000C&+00 2.80266042:+10
FE1GCIFAL MGMEMNES OF IMERTIA: (EILOGEAM * MM23
I1 12 I3 1.0868T17e+10 2.8022461e+10 Z2.80283834%9=+10
EOTATION MATRIX from SODHLW_IMMERBAPRI crientat:zon to FRINCIFAL AXES:

QL 00000 =. 308202 =0.%8774

1.00000 0. 0400040 Q.00000

QL 00000 -0.5877% O.8090z

BOTATICHN ANGLES from SDHLW THHERBARBRL orientation to PRINCIPAL RXES {degrees):
angles akbout = vy 2 0.oco —36.000 SC. 000

BRAOTT OF GYRATTON wikh respect to PRINCIPAL LKES:
Fl EZ R3 9.85354e%e+02  1.55006868+03  1.55024528+03 MM
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Mass Properties of 3-DHLW/DOE SNF-Long Single CRM Waste Package

t1A55 PRUFERTIES OF THE FART SORLM_IMNERLID LOWG-SCRM

YOLUME = 2.92401652+08 MM™2
SURFACE ARER = 6.1906952e+06 MMS2
DENSITY = 7.9800000=-06 BILOGRAM / HM®2
MASS = 2.3333662&+03 KILOGRAM

CENTER OF GRAVITY with respeck Lo _ SDHLW _INHERLID L coordinale lrame;
X b z 0.0000000e+00  0.,000QC00e+00 5. 2500000=+01 Mk

INERTIA with respact ko SPHLKE IRHERRID T coordinate frame: (KILOGERM *+ Bk°Z)

INERTIRA TEMSOQR:

Ixx Imy Inz 5.2566B6Ee+0B =2,11034490.+04 C.0000000e+00
Tyx Iyy Iyz -2.1103E90e+04 5 ,ZLE%4%96e+08 C.0000000&+010
Izx Izy Izz C.ooQGoOce+dd  J.0000000e+0C  1.034173424079

IMERTIA at CENTER OF SRAVITY with respact to EDELW INNERLIE L coordinate frame:
{KILOGRAM * MM™Z)
INERTIA TENSOFR:

Ixx Ixy Ixz 5.1923734=108 -2.11038%00+04 O.00CQC00+00
Iyx Iyy Iyz -2.1103890.+04  5.1922362e+408 0.0003I100e+00
Izx Izy Izz d.0000000e+00  G.0000000e+000  1.0341734c+09
PRINCIPAL, MOMEWNTS OF IMEETIA: {KTLOZRAM * MM~2)
I1 12 I3 5.1920B2%e+08  5.1925267=2404 1.0341734&409
BROTATION MATRIX from _SDHLW IRNERLID L orientation to PRINCIERL AXES:
0.58778 -0.80802 0.04d0000
0.p0naz 0.%53774 0.000404
0.00000 0.00000 1.004909

ROTATION AHGLES from _SDHLW_INWWERLID L graientation o PRINCIFAL AXES (degrees):
angles about x vy = 0.000 c.ogo 54.000Q

FACIT OF GYRATION with respect to PRINCIEAL AXES:
El ER2Z R3 4.7171478c+02  4.7172491e+02  6.6574103e+02 MM
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Mass Properties of 5-DHLW/DOE SME-Long Single CRM Waste Package

MASS EROPERTIES OF THE PRRT SDHLW CUTERLIT LONG-ECRM

YWOLDME = 7.7210314e407 HH°3
SURFACE ARBA = 6. 332L6%Ge106 MM™Z
DENSITY = £.6900000=-06 MWILOGRAM / MM~3
MASS = 6&.T095763e+07 KILOGRAM
CENTER OF GRAVITY with respect to SCHLW OQUTERLID L coorcinate frame:

W ¥ E 0. GOO0O00e+00 Q. 0000000=+00 1. 250{00{0&+01 MM
INERTIA wilh respect to  SDHLW OUTERLIC L cooxdinale frame: (KILCGEAM * MM7Z)
INERTIA TEWZOR:
Ixx Ixy Ixz 1.6503%91e+08 =5.363T0Z8e+02 0.0000000=+00
Iyvx Tvy Iyz -5,3637528e+02  1.63039562+08 0, 0000000e+ 00
Izx Tzy Iz2 0.0000000e+00  0.00000002+00  3.297592%1e+08

INERTIA &t CENTER OF GRAVITY with respect to _50HIW _OUTERELID_L coordinate frame:
(EILOGRRM * HESZ]
INERTIA TENSOR:

Tuw Iuy Iunz 1.640938082408 =%, 3637528e+02 0. 00000002+040
Iyx Iyy IvE —5.360375288+02  1.6493432+08 0. 0000000e+00
lzx Izy Izz Q.0000000e+00 Q. 000000Ce+00  3.2979991e+06
FEINCIEAL MOMENTS OF TRERTIA: (KILOGRAM * MRS2Y
I1 Iz I3 1.604%3439e+08  1.64935847e+08 32297999 1a+08
BOTLTION MATREIXK from _SDHLW_GUTEHLID_L orientaticn ke PRINCIFAL AKES:
1.00000 0. o00Rn 000000
0.040000 1.000C0 0. 00000
0.00000 0.Coo0c 1.00000

ROTATION ANGLES from _SDHLW_QUTERLID_L orientacion ko FRINCIPAL AXES (degrass):
angles about ® y = ¢, a0a C.Ccoo 0. 000

RARITI OF GYRATION with respect te PRINCIFAL RAXES:
Rl Rz R3 4 .D580168a+03  4,.5580337%e402  T.01096372402 MM
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Mass Properties of 5-DHLW/DOE SNF-Lang Single CRM Waste Package

MASS PROPERTIES QF THE PART DIVIDRE _PLATE-ZCH

VOLIME = 1.2773663e+07 MH~3
SURFACE RRER = 2.1311636c+06 MM"2
CENSITY = 77.B500000e=-0& HILOGRAM / MM™3
MARSS = 1.0027325=+0¢ KILOGRAM
CENTER OF CGBRAVITY with respect to DIVIDER PLATE-EC coordinate frame:
X ¥ z €.3500000e+00 2, 303%C00e+03  1.0216000&4+02  [MM
INERTIA with respect to DIVIDER PLATE~SC coprdinate frame: IRILOGRRM * MM~Z)

INERTIZ TENSOR:
Ixx Ixy Ixz 7.310079%e+08 -1.466719%%5=+06 -6.9%06021e+04
Iyx Iyy Iyz -1.4667195=+06  1.59851%%e+06 ~2.5213716e+07
Izx Y=y Iz= -6, 35060 1e+04d -2.52153716e+07  7.09420252+08

INERTIA at CENTER OF GEAVITY with respect to DIVIDER PLATE-3C coordinate frame:
{KILOGEAM * MM~Z}
INERTIA TEHSOR:

Ixx Ixy Ixz 1.7775200e+08  0.9000C00=2400 O 0000000&+0C
Iyx Iyy Ive 0. 0000000e+00  3.358625997e+05  0.0000000e+00
Izx Izy Izz Q. 0000000e+00  0.00000C0=+00 1. 7735000e+18
FRINCIEAL MOMEWTS COF INMEETIA: (BILOGRAM *+ MMM~Z)
I1 IZ I3 3.99602997e+05  1.7735506e+08  1.7773200e+0b
BOTARTION MATRIX from DIVIDERE PLATE-ZC oricntaticn to PRINCIBARL RMES.
0.0000c 0.000co 1.000400
1.00000 Q.oaaco 0.00000
0.00000 1.00004d 0.00000

EOTATION ANGLES from LIVIDER_PLATE-3C crientation to PRIWCIPAI AXES (degress):
angles about ®x vy =z 0.000 a0, 400 90.000

RALII OF GYRRTION with respect te PRIMCIEAL AXED:
El ERZ k= 6. 3130099+ 0 1.32299304e403 1_.3304183+03 MM
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Mass Properties of 3-DHLW/DOE SNF-Long Single CRM Waste Package

MASS FEROFERTIES OF THEE FRET IMNHERBRRCKET-SCRM

VOLDME =  3.7741264c+07 MM©2
SURFRACE RRER = 3, TARZYEY=+06 MM©Z
CEMSITY = 7.85300000e-06 KILOGRREM 7 MM™3
MASE = 2.9626892e+02 KILOGRAM

CENTER OF GRAVITY with respecst to  IWNERBRACKET-SCR coordinate frame:
® Y Z -5, 336218Te+01 -5.3362530e101  Z.3035000e+03 MM

IMERTIA with rospect to _INWERBRACKET-SCE cooidinate frame: (KILOGREM * Mi*Z)

INERTIA TENSOR:

Ixx Ixy Ixz 2.09777072+09 -3.1062160e+05  2.6417316e+07
Iyx Iyy Iyz -3.1062160e+05 2.0577708e+00 3.64175608+07
Tzx Izy T2z 3.6417316e+07 3.64175S0e+07 3.4450413=+08

INERTIA at CENTER OF GRAVITY with respect to INNERBRRCEKET-SCR coordinate frame:
(HILOGRAM + BE-"2)
INERTIA TENSCR:

Inw Iuy Ixz 5.24€890862+08 5.330263%e+0h 0. 0000000e-+00
Iyn Iyy Iye $.3530163%9e+05  5.2499105e+08 0. 0000000=+00
Izx Izy Izz 0.0000000=+00 O0.00COOCCe+00 1.7577653e+06
FEINCIFAL MOMENTS OF INERTIA: (KILOGRAM = MM~Z2)
I1 Iz I3 1.7577653e+06  5.2425794e+08  5.2542397e+08
BOTATTON MATRIX from INNERBRERCKET-SCR orientatian to PRINCIPAL AXES:

0. 0anag 0.70717 0.7a704

0.00000 -0, 70704 0.70717

1.90000 C.GCooe 0.00000

ROTATIOH ANGLES from _ INMNERBREACKET-SCE orientaticn to PRINCIFAL AXES (degrees):
angles aboot x v oz -90,000 dd. %35 -S0.000

RADIT OF GYRATION with respect to PRINCIPRL AMES:
fl EZ ER3 TLI026010e+01  1.33036%20403  1.3317168a+03 MM
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Mass Praperties of 5-DHLW/DOE SNF-Long Single CRM Waste Package

MASS PROPERTIEZ OF THE PART OUTEER BRACKET -SCRM

VOLIME = 4.77714562+07 M4~ 3
SURFACE RBER = 7T.&T9B380e+06 MM~2
CDENSITY = 7.8500000z-06 KILGGRAM /4 MM™3
MESE = 3.7500503=+02 KILOGRAM

CENTER OF GRAVITY with respect bo _QUIER _BRACKET-5C coordinate frame:
x ¥ z =7.0509743e+00 1.4793702e+02  Z,3035000=+03 MM

YNERTIA with raspect to _OUTER_BRACKRET-SC cocrdinate Frame! (EITOGRAM * MM™2)

INERTIA TEMWSOR:

Ixx Iny Ixz 2.6629122+09  3.96597372205 6.0%908L6let06
Iyw Iyy Iyz 2.9659737e4{0 2. 6636658e+00 -1 . 27809152+08
Izx Izy Izz £.0908161e+06 -1 .27680215=+08 £.12818307+07

IHMERTIA at CENTER OF GRAVITY with respect to _OUTER BRACKET-S5C coordinate frame:
[ETLOGRAR * MM™2)
IHEERTIA TEWSCR:

Ixx Ixny Ixz 6.65879253e+08  5.3757525e+03  0.0000000=+00
Iva Iyvy Iyz £.37875252+403  £.7382302e+08 0. 00000002500
Tam Tzy Iz22 0.00000002+00  0.0000000=+00  1.31538303=+07
FRINCIPAL MOMERTS OF INERTIA: (KHILOGERAM * MM"2)
Il 12 13 1.3153803e+07  &.65870232+08 §.7382382=+08
RCTATION MATRIX from OUTER BPRACKET-5C orientation to PRINCIPRL ARXES:
0.0oo00 1.40900 0., 00063
0. 00044a -0 00063 1. 00000
L. 00o00 0.00000 0, OO0

FOTATION BNGLES [rom _OUTER BRACEET-5C orientation to PRINCIPAL AXES {deqrees):
angles about =y oz -240.000 0,000 -90.0400

BEDII OF GYBATIOW with respect to FRINCIFAL LAXES:
El RZ BRI 1.8728655e+02 1.3325351e+03  1.34048d6=+03 MM
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Mass Properties of 3-DHLW/DOE SNF-Long Single CRM Waste Package

MAZES FROPERTIES CF ‘IHE PARL OUTERBARRIER AZZ

YOLUME =  1.0459619+0% MM°2
SURFACE ARER = T.2040902&+07 MMA2
DEMSITY = 8.69C0000&=-06 KILOGEAM / MM~ 3
MASS = 9.0894093=+03 KILOGRAM
CENTER OF GFAVITY with respect to OUTERBARRIER Al woordinate frame:
O | Z 0.0000000+00 =2 8038000e+03 0, C000000e+00 MM
INEETIA with respest to OCUTERBARRIER RZ22 coordinats frame: (EILOGRAM * MM™Z)

INERTIR TENICE:
Ixx Ixy Ixz 1.0547773e+411  0.000000Ce+00 -1.8038572e+06
Iyx Iyy Iyz 0.0000000=4100  9.317322%24+09%  0.0000000e+00
Izx Izy Izz =1.6038572e+06  0.00CC0H00e+00 1.0547876e+11

INERTIA at CENTER OF GRAVITY with respect to _OUTERBARRIER_AZ2Z coordinate frame:
(HILOGRAN * MM 2)
INERTIA TENSOR:

Ixx Imy Ixz 3.403849724+10 O0.0000000e+00 -1.603835/2e+0R
Iyx Iyy Iyz 0.0000000e+00  2.3173227e+0% 0.0000000e+00
Izx Izy lz:= -1, 60385722406  0.00Q00002+00  3.4038530e+10
FEINCIFAL MOMEWTZS OF INFRTI&: (KILOGRAM = MM™Z}
I1 1z 1I3 9.3173227e+0%  3.403732%+10  2.40408598e+1d
ROTATION MATRIX from CUTERBARKRIER A22 orientation te PRINCIPAL RHES:
g.o0cnn -G.8c821 —-{. 58890
1.900¢0 C.00000 0.00000
0.00000 -G, SEER0 0.80821

REOTATION ANGLES from _GUTERBARRIEH_HEE orientation to PRINCIFAL AXES [degrees):
angles akoul = v 2 0,000 =-3&. 074 a0 . 000

RROII OF GYRATION with respect to PRINCIPAL AXES:

El ERZ R 1.032455972+03  1.935128%9e303  1.935228%=+03 MM

L)
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Mass Properties of 5-DHLW/DOE SNF-Long Single CRM Waste Package

MASS PROPERTIES OF THE ASSEMELY TOP ASSEMBLY REVISION

VOLUME -

SURTACE ABER
AVEBRGE DENSITY
HAES

CABI1TDEe+09 MMS
L2O5E4T 50408 M E
1e89316e-06 KILOGEAM JF MM©2

3
2
g
3.254222Be+04 KILCGHEAM

[ |

CENTEB OF GRAVITY with respect to  TOP ASSEMBLY BEV coordinate frame:
X ¥ z O.00000C0e+00  2.8145801e+03 O 0000C00&4+00 MM

INEETIA with respect to TOF_ASSEMBELY REEY coordinate frame: {BKTLCGERAM * ME~Z3

INERTIA TEMSOFR.:

Txx Ixy Ixz 3.06623177e411  D.OCODDOO24+00  1.3953871e+06
Tyx Tyy Iyz 0.0000000e+00  2.4430346e+10  0.00Q0000e+00
Izn Izy Iz=z 1.34534971e406  C.000000024+040 3.6523477e+11

INERTIA at CENTER OF GRAVITY with respect te TOF ASSEMELY_REV coordinate frame:
[KILCGRAM ~* MM~2)
INERTIA TEHSOR:

Tax Imy Inz 1.0643¢7ée+11  0.0000000e+00 1.39%3877)1e+0%
Ivx Iyy Ivz CLOo000a0=+00  2.445034d82e+10  0.0000000e+00
Tzan Izy Tiz 1.32538%71=+0a  0.0000000=+400 1.0843376e+11
PEINCIPERL MOMEWTS OF INERTIA: [EILOGRAM v MM 2]
i1 I2 13 2.4450346=2+10  1.0843621e411 1.0844031e+11
ROTATION MATRIK from TOP_ASSEMBLY REV orientation to PRINCIPAL AMES:

0. 00000 -0, 493074 036565

1.0004040 0.000060 G.OCGCO

0.00044 0.366h69 0.23074

BEOTATION AWGLES from _TOP ASSEMBELY REV orientatior to PRINCIPAL AXES {degrees):
argles sbout 2y oz 0. 004 21.450 o . 0400

EADII OF GYRATIOW with regpect to PRINCIPAL RXES:
Bl R2Z RZ B.66799%962402 1.8284230e403 ) 82545762403 MM

MaSs FROPERTIES OF COMPONEMTS OF THE ASSEMBLY
tin assenbly wnits and the _TO¥_ARS3ZEMBLY _REV coardinate frame)

MATERIAL
DENSITY MASS C.G.or A Y Z
OUTEREARRIER A22 DENOWN
8.69000e-06 9.08041e+03 -4.956542-05 2.803500+03 -1.8305%-04
SDHLW_OUTERLID LONG-SCRM UNKNOWI
B.69000e-06 6.70956e+02 -1.321C0e-13 5.244950e+03 -8.54152e=14
SDHLW INNEREARRIER LONG-SCRM DNENORY

T.945602-06 Z.21108e+04  2.4134%:2-123 2.51081+03 -7.60844=-15
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Mass Properties of S-DHLW/DOE SNE-Long Single CRM Waste Package

SOHLW _QUTERLID LONG-SCRM LIBEMOWN
g.a00a-06 H.TO95E=+CZ 1.3210C8-13 3.62500e+0Z -2_54152e-14
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Mass Properties of 5-DHLW/DOE SNF-Short Single CRM Waste Package

MASS FROPERTIES OF THE PART BCEIMW_GUIDETUEE _SHGRY

YVOLUME - 1.&6}163652+08 MM~3
SURFACE AREA = 1 C25B420=+407 MM~Z
DENSITY = 7, 85%00000e-06 KILOGRAEM S MM™3
MASS = 1.26513472+02 KILOGRAM

CENTER OF GBAVITY with xsspect to 5LHTHLW_GUILDETUBE coordinate fiame:
4 ¥ Z 0.0000000e+ G0 1.51500002403 O, Q0000002+00 MM

[HERTIA with respect to LDHLW GUIDETUBE coordinate frame: {KILOGRAM * MM™2}

IMERTIA TEHSOR:

Ixx Ixy Ixz 3.9165113e+0%  0.00000C0=+00 -2.5224778e+04
Iyx Iyy Iye CLo00000Ce+00  2.02556532+07 0, 0R0C000e+CO
Izx T=zy Tz= =2, 52247 8e+04 0.0000000=400  3.916827 72408

INERTI& at CENTER OF GRARVITY with respect to _SDHLW _GUIDETUBE_ coordinate frame:
{KILCGRAK * ME*2)
IHERTIA TEWNSOR:

Tax Iny Ixz 1.013204262+03  O0.0000000e+00 -2 52247/ da+0d
vz Iyy Iyz C.o000000e+00 9. 0255B53e+4C7 G 0000CQHCe+G0
T2n Iey Xzz -2,92247%8e+04 0. 0000000100 1.0130590409
FRINCIPAL MOMENTES OF IMERTIA: IKILCGRREM * MM©Z}
1 1z 13 D.0255853e+07 1.0130243e+03 1.0120773e+09
BOTATEON MATEIX frow _SDHLW _GUOIDETUBE  orientation to PRINCIPAL AMES:

0. GO0 =0.808902 =0,5877%

L.oooog 0.0000G 0.00004

0. 00004 -0, 58779 0.80202

EQTATTON ANGLES from TEDHLW_GU]DETUHE_ orientation te PRINCIPAL BXEE {degroes]):
angles about X ¥ 2 G.coo =26.000 B0, 3Ac

BEADTI OF GYRATION with respoct to PRINCIELL RHES:
El FR2Z R2 2.8709719e+02  £.94832106407 H.94B5553e+0C2 MM
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Masgs Properties of 5-DHLW/DOE SNF-Short Single CRM Waste Package

MASS PROFERTIES OF THE PART SODHLW_INWBERBARBIER _SHORT

YVOLOME = 9.4687051%+08 MM~2
SURFACE RRER = 3.94127882+07 MM©Z
DEMSITY = 7.9600000e-06 NILOGRAM / MM~3
MASS = 7,7302674e+03 EILCGRRM

CENTER OF GBAVITY with respect to _SCHLW _IWMERBARRRI coordinate frame:
¥ b Z 0.0000000e+00  1.6000000e+03  0.0000000e+00 MM

INERTIA with respect to SDHLW INHNERBARRI coordirate framc: (RILOGRAK * MH2}

IRERETIA TEKSOE:

Ixx Ixy Ixz 2.98094202+10  0.0000000e+00 -2.0133741e+06
Iyx Iyy Ivz 0.0000000e+0C 7. 2039300e+0%  0.0000000e400
TIzx Izy Izz =2.0133741e+06 O0.0C00000e+00 2.997072Be+10

INEBRTIA at CENTER COF GRAVITY with respegt to  SDHLW INWERBARRI coordirnate frame;
(RITOCRRM * MM=Z)
INERTIR TEN3CE:

Ixx Ixy Ixez 1.01759935e+10 Q.000000C0&+00 -2.0133741e+06
Iyx Iyy Iyz C.0000000e+00  7,20338C0e+C2  0.,00000002+00
Izx Izy I== =2, 0133741e+06 Q.0000000C+00 1.01812432+14
FREIMCIFAL MOMENTS OF ITHERETIA: (KILOGEAM * MM™Z)
I1 12 13 T.2039300e+0%  1.0%78472e+10  1.01327062+10
BRIETION MATRIX from _SDHLW_INNEREERRI orientaticn bEo PRINCTIPARI RXES:
0.00000 =0.a090c2 =0.58773
1.,00G00 O.oo000 U.0o000
0.00000 -0.5877G 0.804002

ECTATION ANGLES from _SCHLW INKERBAREI orientaticn to PRINCIEAL AXES (degrees):
angles akout ®x ¥y = 0.o00 -3¢.044 30.000

FERCII OF GYRATION with respect to PRINCTRARL AXES:
Rl EZ R3 9.6535931e+02  1.1474771e+03  1.1477158e+03 MK
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Mass Properties of 5-DHLW/DOE SNF-Short Single CRM Wasle Package

MAZES FROPERTIES OF TEE PART SDHLW _TWNERLIR SHORT

YOLOME = 2,2278221e+08 MM™3
SURFACE ARER = 6.0420048c+06 HM~2
DENETTY = 7.9900000s-06 KILOGRAM J Mu™3
MASS = 1.7778020e+03 KILOGRAM
CENTER OF GRAVITY with respect to SOHLW INWERLID £ coordimats frams:

¥ Y 2 0.0000C00=+00 0, 0000000=+00  4.00000002+01 M
INERTIA with respect to SDHEW IWMERLID & coordinate frame:  (KILOGRAM * MMO2)
INERTIR TEWSCER:
Ixx Ixy lxz 3.977686%2408 =-1.6079155e+04  0.0000000e+00
Ivx Iyy lyz -1.6079155e+04  3,5375824=+08  0.0000000s+00
Izx Tzv I:zz 0.0000000=t00 O, 00000002400 7.8794)164=+08

IHERTI1A &t CENTER OF GRAVITY with respect to SDHLW_IWWERLIL_S coordinate frame:
(EILOGRAM * MM~2)
INERTTA TENSOR:

Ixx Ixy Ixz 2.94924212408 -1.607215852+404 Q.0000000=2400
Iyx Iyy 1yz -1.6079155e+04  3.92491378e+08 0.0000000=+00
Izx Izy Izz O.00C0000e+0d  0.0000000e+00 7T.E87594164e+08
PREINCIFAL MOMEMTS OF INERTIR: (KILOGRAM * MM™2)
1 1z 132 3.94502068e+08 3.3493589=+#08 7.37%4164e408
BOTATION MATRIX fzom _SDHLW INMERLID 5 crientation to PRINCIPAL AMES:
0.58778 -0.80902 0, 00000
0.80%02 O.58718 G.Coooo
G.Cooac 0.00000 1.00000

RCTATION AMGLES from SDHLW IMWERLID S crientation to PRIMCIPAL ARXES [(degrees):
angles about x ¥ 2 . GO0 0.000 34 . 000

BEADTI OF GYBRATION with respect to PRIMCIBAL RXES:
El R2 E2 4. 713080da+02  4.T1326222402 &.65741032402 MM
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Mass Properties of 5-DHLW/DOE SNF-Short Single CRM Waste Package

2

INEETIA

ITux
Iy

MAZS PROPERTIES OF

THF. EART S5CHLW _OUOTERRARRIER_SHORT

LA915838e+00 M2
LO912127e+07 MM 2
LAGO0000e-08 KILOGRAM / MMS3
LBH100125%2+03 KILOGRAM

a2 N |

CENTEE OF GBAVITY with respect to EDHLW QUTEBBARRI cocrdinate frame:

Y

Taxy
Iyy

VOLUME =

SURFACE AREA =

CENSITY =

MASS =

7 0.00006G00=+00

INERTIA with respect to SDHLW &
TENSOR:

Ixz J.T02B82202+410

Iyz 2., 0000009 54409

Izz =1.21B0377=+08

Tzx

Izy

INERTIA

INERTIA

Tux
Tws
lzx

I1

Ixy

Iy
lzv

1

at CENTER DF GRAVITY with

TEHSOFR.:

Ixz 1.3512736e+410
Iyz 0.0000000e+00
Izz -1.2180377e+06
FRINCIFAL MOMENTS
Iz B.E9TIE20=109
FOTATION MATRIX from EOHLW

0.00000

1.00000

-0, 0REn2

1. 9246735352403 0.0000000e+00 b
UTEREARRI coordinate frame: (KILOGRAM * BM7Z2)
OLo0000G0e+00 -1, 218037 Te+08
f.0373820e+0%  1.1781056Ter00
1.1791467%7e+0% 3, 7¢29021a+10

rezpect Lo SDHLW QOTERBARRI coordinate frame:
(EILOGRREM * MM~2)

0.0000C00e+00 =1.2180377a+0E
€.697382e+d%  1.1E993332405
1.19%9333e+05  1.35153533=+4+10

oF INERTIA: (EILOGRAM + MM~2)

1.35%1145%5e+10  1.25144192+410
_OUTEREARRI coricntation to PRIMNCIPAL AMXES:
~.B100E -0_53832
=1, 04001 0. 00001
~{,.58a32 0.31008

ROTRATIGN ANGLES from _5DHLW_OUTEREQRRI crisntation to PRINCIPAL ARXES {degress):
angles aboct X 0w = 0. 000

Bl

R2

RALEET OF SYRATION
R3 1.01428H8=403

=30, 5% 50.000

with respact to PRINCIPAL AMES:
1.440676Ea+03  1_4408135&+03 MM
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Mass Properties of 5-DHLW/DOE SNF-Short Single CRM Waste Package

#AaS5 PROPERTIEE= OF THE PART 5DHLW GUTERLID _SHORT

WVOLUME — T.7210314c+407 HH"3
SURFACE ARERA = §.33256%6s+08 MM™2
CENSITY = &8.6%00000s-08 KILZGRAM / MM™3
MAZS = ©.70957532+02 KILOGRAM

CENTER OF GEAVITY with regpect vo _ ODHLW CQUTERLID = coordinate frame:
x Y z 0.0000000c+CE  O.000400002+00  1.25000002+01 MM

IFERTIA with respect to  SDHLW OUTERLID 5 coorxrdinate frame: {KILOGRAM - MMAZ)

INERTIA TENSCH:

Tux Ixy Ixz 1.65039% e+l —-5.3637528e+0Z2 0. QOOQD00E+00
Tyx Iyy Iyz -5.3637520e+02 1.6503956=+08  0.0003000e1 00
Izx Tzy Izz 0.0000000e+00  0.00000002+00  3,.297359%] 408

INERTIR at CENTER OF GRAVITY with respect to _SOHLW QUTERLID § coordinate frame:
(RILOGERM * MM~2)
INERTIA TERSOH:

Ixx Ixy Iux= 1.54493508e+08 =5,363752324+02 0.0000000e+00
Iyvx Ivy Iy= —5.3837526e+02  1.64934732+08 0, 0000000+
Tex Iey Iaz 0.0000000e+00 0. 00000002+00  3.29799%1e4 0B
FRINCIFAL MCMEMTS OF INERTIA: (KILOGRAM * MRM~Z)
I1 Iz 13 1.6493434e+08 1.6423547e+08  3.2379%91e+08
ROTATION MALTRTZ Erom _EDHLW_DUTERLID_S arientation to PRIMCIPRAL ILMES:
1.00000 0.0000o0n 0. 00000
0.00004 1.00000 0. 00000
0.04aa0a 0.00000 1.00000

FOTATION AWGLES from ALHLW OCUTERLIN 5 orientation to FRINCIPAL AXES (degrees):
angles about = ¥y Z §.000 G.o0oo 0.000

BRCIT OF GYRATION with respect to PRINCIPAL AYES:
Rl R2 R3 4.9580168e+02  4.95%80337a+02 T.01096272+02 MM
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MAZES FROFERTIES OF ‘M'HE RESEMBLY 5DHTMW_ _SHORT TOF

WVOLUME = 2.802204%e+03 MM™3
SURFACE ARER = 1.8900671e+0B MM™2
AVERAGE LENSITY w #d.18964653e-016 KILOGRAM / MM~3
MASS = Z2.2940100e+0d4 KHILOGRAM
CENTER OF GRAVITY witl respect to 50HLW SHCORT TGP coordinate frame:
X ¥ Z 0.0000000e+00  1.6056317e+03 0.0000000e+00 MM
INERTIA with respect to SDHLW SHORT TOFP cecrdinake frame: [KILOGREM * pi4~2)
INERTIA TENSOE:
Ixx Ixy Ixz §9.58577133e+10  0.0000000e+00 -3.2061871e+06
Tyx Iyy Iyz 0.00000C02400  1.7147303e+10 0.0000000c400
Izx Izy I=z -3.2081271=+06  O.CO00000+00 S9.9575237=+10

IHERTIA zL CENTER CF GRAVITY with respect to  S0HEW SHORT TCFE coordinate frame;
- - - (KILOCEAM + MM~2)
INERTIA TENSOR:
Ixx Ixy Ixz
Ivx Ivy Iyz
Izx Iz=v Iz= -

LD0436208e+20  0.0000000e+00 -3 206F871e404
L000000et00 1.7147303e+10  0.0Q000000e+00
L2061871er08  0.00000000400 4.04383322410

[ad £ B

FEINCIFAL MOMEWTS OF IMERT1A: [KILCGRAM * MH"Z})

Il 12 I3 1.7147303=+10 4.04338852e+10 4.0440634e+10
BOTATTON MATRIX from  SDHLW _SHORT TOP orxientation to PRINCIPAL AXES:
0. 0004 -0.804988 =}. 568659
1.0004030 QL 00000 0. 00000
=0.o0001 -0.5E65Y9 o.BOS9ER

BOTATICH ANGSLES from _S0HLW_SHORT TOP crientatinn to PRIMCIPAL AXES (deqress):
angles abeout = vy oz n.4a0o =35.914 D). 40

BADII OF GYBRATION with respert to PRINCIPAL RKES:
Bl B2 H2 B.p490892de+02 1.32T0225=2+03 1.3277333e+03 MM

MASS PROFERTIES OF COMPONENTS OF THE ASSEMBLY
(in assenkly units and Lhe  S0DHLW_SHORT TOF coordinale Crame)

MATERTAL
BENITTY MASS C.G.: X ¥ Z
SDHLW BARRIERS SHCRT DI E ROk
£.25678e-06 1.91379=2404 -1.30476e-05 1.607740+402 2.91756=-05
SDHLW_GOIDETUBE SHORT (MR
T.85000e-08  1.26513e+03 -4,.53230=-14 1.59%500e+03 -9.44758e-14
EUIDE SHORT UEHONR

1.85000e-08 5.074432e+02 5.492442+402 1.595002+03 3.48901=+00
GUILE_3HORT UMENORM
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7.85000e-06
GUIDE_SHORT
7.85000e=-06
GUIDE SHORT
7.85000e~06
GUIDE_SHORT
7.85000e=06

5.074432+02

5.07493a+02 =-a.

5.074432+02 -4,

5.074432+402

1.

1.

GHd0Te+02
UM KM
4639902
ONEHCHN
42207+ 032
OMENCWN
TE045e+02

1.59500403  5.2244]1e+02

1.59500=4+03 3, 20014=+02

1.59500=403 -3, 25681c+03

1.59500=403 ~5,212842+02
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Mass Properties of 5-DHLW/DOE SNF-Shart Single CRM Wazste Package

MASS PRCPERTIES OF THE PART DIVIDER _PLATE SECORT

VOLUME = 8.4011719=+068 piM~3
SORFACE ARER = 1.40552g8e408 MM*2
DENSITY = 7.8500000=-06 KILGGREAEM J MM™2
MEEE w5, 59449200+ 0]1 KILOGRIM
CEWTER ©F GRAVITY with respect to DIVIDER PLATE 5H cooxdirnate frame:
x b4 A B.3500000e 00 1.5150000e+003 1.0916000=402 MM
INERTIA with respect to DIVIDER FLATE SH ccordinate frame: [EILOGERAM * MM™2)

INERTIA TENSOGE:
Isx Ixy luz FLOFETEI e+0d =6,344477%e+05 =4, 57137432+04
Ivx I¥Y Iyz —6.3444779e+03  1.0513382e+06 -1.03%065072407
Tax TIzy l:z: —4.571374 3e+04 -1.0306507e+0%  2.0182708e+0E

INERTIA &t CENTEE OV GEAVITY with respect bto _DIVIDER_PLATE_SH cooedinate frame:
{KILOGRAM * MM©Z2)
INERTIA TENSOR:

Txx Ixy Ixz 5.0718032e407  0.0000000e+00 9.0000000e400
Tyx Tyy Iyz 0.0000000e+00  2.6763456e+05  0.0000000e+00
Tk ley lzz 0.0000000e+G0  0.0000000=+00 5.0456970e+07
PEINCIPAL MOMENTS OF IJHERTIA: (FILOGRAM * MM~2]
11 12 1% 2.62874568405 5 (04569700407 5.0V1RCIZe+0
BOTATION MATRIX from _DI?IDER_FEHTE_SH ariertation to PRIBCIPAL AXES:
0. 0000 0. 00900 1.C0000
1.0G000 0. 00000 C.CLOGO
G, 00600 1. 00000 G. 06000

ROTATION ANGLES from DIVIDERE FLATE SH orientation to BRIKCIBAL ANEZ {degrees!:

angles about » y 2z 0.0C0 90, 00C 90 . 000

ERDTT OF GYRATIOW with rezpect to PRIMCIPAL RXES:
E1 FERF B3 6.313009%2+01 £.746933de+402 8.7655323e+02 MM



Attachment ¥V ; CAL-DDC-ME-000001 REY 00

Page V-9

Mass Properties of 5-DHLW/DQE SNF-Short Single CRM Wastc Package

CENIER COF GEAVITY with respect

A Y

INERTIA with respect toc _IKNERERARCKET _SHO coordinale frams:

INERTIA
Ixtx Ty
Iy Iyy
Tzw Izy

INERTIA

IHERTTA
Twx Iny
Ty= Tyy
Tgun Tey

T112

tASS PROPERTICS OF THE PART IWNHEREEACKET SHORT

WOLOME
SURFACE ARCR
CENZITY

MASS

Z -5.3362197e+01

TEHSOR

1xz 5.974481 Te+0E
Iyz 2. 04294 23e+05
Izz 1.5752764de+07

at CERTER OF GERAWITY with

AFZ223 3407 M3
ATCE0SEe+08 MMS2
LH5C0000:-08 KILOGRAM F MR*3
LO4H9545 32402 KILOCGRAM

bt onh B P

to INMERBRACKET SHC cocrdinaste frames
£, 3362530=+01 1.51500002+03 b

IETLOGRAM * MM~2)
1.537527R42407

1.,.5752885e+07
2.26578580404

=2 04794 222+08
S.07446248e+00
1.5752865e+07

respect To  INNERBRACKKET SHO coocrdinate frame:
[EILOCRAN * MM"2)

0.00000002+00
0.0000000a+00)
L.1960732e+08

1.58056211e+05
1.49a5¢44e+00
0. QO0000Ge+00

OF THERTIR: (HILOGRAM *
1.4930587e+08

hibi =2 b
1.50006%4e+03

ROTRTIOCH MATRIX from _ INHERBERCEET SHD orientstaion to PRINCIPAL BRES!:

BCTATICN ANGLES from
angles about x ¥ =

Rl Rz

TEMEZOR:
Ixz 1.496563 12404
Tyz 3.50562112+05
Tzz 0. 0000200e+00
PRIMNCIPAL MIMENTS
T3 1.31560722e+06
0. QCooo
C.ooooc
1.00000

=9C.000

EAalDIT JF GYRATIOH

E3 T.7026000e+0]

IMMERBRACKET SHO orientaticn to PRINCTIPAL AXES

Q.70717 Q70704
-{1, 70704 0.70717
. oo0on 0.000040

[degreas):

44,335 80,000

with respect Lo BPRINCTRAL AXED:
B.UDAS2T504+02 277405620402 MM
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Mass Properties of 5-DHLW/DOE SNF-Short Single CRM Waste Packape

M&SS PROPERTIES OF THE PART OUTER BRACKET SIORT

VOLOME = 3.141203%&4+07 MM™3
SURFACE ARER = S.05300B86e+06 MM™Z
DEHSITY = 7.3500000&-06 RILOGRRM / MM™3
MASS =  2.4663%46e+02 KILOSRAM
CENTER OF GRAVITY with respect to OQUTER_BRACKET SH coordinate frame:
X by Z -7.0509743e+00 1.4795702e+402 1.5%1500002+403 MM
INERTIR with raspect to OUTER_BRACKET SH coordinate frama: IEILOGRAM * MM~

INERTIA TENSCR:
Inw Iwy Ixz F.E18030%0+08  ZLE0B40D4e405  2.6346524e+005
Tww Twyy Ty= 2.80840042+05  7.6174107a+08 -5_57354302+07
izx Tzy Izz2 Z.6340584e+08 -5.52854322+07  1.4002703e+07

INERTIR at CENTER QF GRAVITY wath respoct bo  QUTER _BRACKET SH coordinate frame:
[KILOGRAM * MM~
INERTIA TEMSCGH:
Inx Ixy Ixz
Iyse Iyy Tyz
Iz Tzy I22

LO041078e+08 2.5356043e+03 0.0000000e+00
L535604504+402  1.95635772408  0.,00000002+00
-0000000e+00  0.0000000e+00  EB_6511830e+04

3 L) p

PRENCIPAL MOMENTS OF INERTIAR:  (EILOGRAM * MM™2)

Il 12 13 3.6511880c+06  1,90410782+08  1.35632577e+08
BOTATION MATRIA [xom CQUTER _BRACEET 5H orientation to FRINCIEAL RAES:
0.0oooo 1. QOO0 0.00063
o.o0oQo -0, HHIER 1.00000
1.00000 0. Q0000 0. 00000

ROTATICN ANGLES: from OQUTER BRAECKET SH craenlsticon to PRINCIFAL ARES {degrees):
angles about = vy = —90,.000 0. 000 =00, D00

RAOII OF GYRATION with respect to PRINCIPRL RXES:
El EBZ R3 1.3728655e+02 B.7864712e+02 2 _906Z2084e+02 MH



