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1. PURPOSE

The purpose of this design analysis is the preliminary design of various mobile and stationary
equipment necessary for the waste package (WP) Transpert and Emplacement in the proposed
subsurface nuclear waste repository at Yucca Mountain, The same WP handling concept and
equipment may also be used for WP retrieval under normal conditions. The basic WP handling
concept and the equipment requirements are based on the findings of a previous design analysis
prepared during FY96 (Reference 5.5).

Thc.objcctive of this analysis is to generate design input for the development of:

L. Preliminary drawings for WP transport and emplacerhent equipment and component
drawings.

2. Preliminary descriptions and data sheets for the WP transport and emplacement mobile and
stationary equipment.

2. QUALITY ASSURANCE

A classification of permanent items has not been performed in accordance with QAP-2-3,
Classification of Permanent Items, for the WP emplacement equipment considered in this analysis.
However, the WP emplacement is on the project Q-List (Reference 5.3) by direct inclusion;
Therefore, the items evaluated in this analysis will be treated as Q items. The activity for performing
this work has been evaluated in accordance with QAP-2-0, Control of Activities, and has been found
to be subject to the requirements of the Quality Assurance Requirements and Description (QARD),
(Reference 5.2).

Much of the input data used in the formation of this docurnent is preliminary and “unqualified” and
therefore the output of this analysis is also unqualified and shall be considered TBV. The output
from this analysis will not be used for procurement, fabrication, or construction. Therefore, the
TBVs do not need to be tracked in accordance with NLP-3-15.

3. METHOD

This Design Analysis is a refinement of previous work (Ref. 5.5) which was performed to select a
system design from various alternatives for handling WPs. This analysis uses that basic information
to develop more precise technical data for the design and/or selection of the various components by
considering mechanical, structural, electrical, remote handling, instrumentation, and control and
operational implications. The methods used in this analysis to accomplish that objective include:

1. Gathering of relevant MGDS design input requirements and CDA assumptions for the WP
transport and emplacement equipment.

HADATAWNALSREFIY00. WPDXD9 1697/12:41)
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2. Preparation of layouts and sketches to further refine the equipment arrangements. Due to the
preliminary nature of this analysis, the effects of tolerances shall not be considered.

3. Preparation of both hand and computer calculations for selection of individual mechanical
components and sizing of the structural systems of selected equipment. Hand calculations
were performed for selecting mechanical components and some weight determinations for
the emplacement equipment. Computer calculations were used only for the structural
analysis of the WP Transporter and the Emplacement Gantry.

4. Selection of standard vendor equipment for incorporating into the mechanical arrangement
drawing of the mechanical equipment where appropriate.

5. The WP Emplacement Gantry structure was designed using static load analysis. STAAD-II
computer software was used to perform the stress analysis for the Gantry structural frame.
STAAD-HI facilities for steel design and code checking are based on the AISC-ASD code
(44.1). ’ ‘

6. The WP Transporter structure was designed using static load analysis. STAAD-III computer
software was used to perform the stress analysis for the Transporter structural frame.
STAAD-III facilities for steel design are based on the AISC-ASD code (4.4.1).

7. The Reusable Rail Car and the Gantry Carrier were designed only on the basis of restraints
of the mechanical arrangement. No structural stress analysis or design was performed on
either of these WP emplacement equipment.’

8. To accornplish the objective as stated in Section 1., this analysis will:

1. Gather design input based on MGDS design rcqulremcnts and CDA assumptions for WP
transport and emplacement equipment.

2. Develop the mechanical aspects of the mobile and stationary equipment. This activity
will include development of mechanical arrangements and mechanical system details
where required to identify size and describe those systems, and components such as
motor drives, actuators, Rail Car couplers, and wheels.

3. Perform a structural analysis for major equipment where important considerations in the
areas of overall size envelopes or total operating weight will have an effect on the
outcome and conclusions of this analysis.

4. Include shielding considerations for selected transport and emplacement equipment.

This analysis identifies the assumptions to be used and those that have been validated. Conclusions

presented in Section 8 provide recommendations for a viable emplacement equipment concept, and
include dimensional relationships of WP transport and emplacement equipment.

HADATAVNALSREFIST0D. WPD.4(091597/12:41)
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4.1

4.1.1.

4.1.2

413
414

4.1.5

4.1.6

4. DESIGN INPUTS
DESIGN PARAMETERS

Grade of the North Ramp is -2.1486% (Ref. 5.44, pg. 26).

- Grades in the Mains are:

‘East Main -1.35% (maximum), (Ref. 5.4, pg. 26)
West Main -1.394% (maximum), (Ref. 5.44, pg. 26)
North Main -2.1486% (maximum), (Ref. 5.4, pg. 26)

Radius of curves in North Ramp is 305 m (Ref. 5.44, pg. 16).
Excavated diameter of North Ramp is 7.62 m (Ref. 5.44).

The major equipment to be addressed in this design analysis includes the following
(Ref. 5.5):

Mobile Equipment:

» WP Transporter

» Reusable Rail Car

» Emplacement Gantry
» Gantry Carrier

* Transport Locomotives

Supporting Stationary Equipment:

« Rail system for North Ramp, Main Drift, Emplacement Drift Turnout and Emplacement
Drift

+ Emplacement Drift Transfer Dock

« Emplacement Drift Isolation Doors

Supporting systems that directly interface with the mobile equipment are covered in the
following two design analyses in progress:

« Repository Rail Electrification Analysis
« Emplacement System Control and Communications Analysis

Dimension of the WP with the smallest diameter to be handled (Ref. 5.12)

WP Type ~ Diameter Length WP Loaded Mass
(mm) (mm) kg)
12 PWR UCF 1298 5335 32,236

H\DATAVNALS REFI9700.%PD 5(091697/12:41)



I~

— rr— r— 1

[

Title: Preliminary Waste Package

DI: BCA000000-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design -Page:6 of 94
Notes: |
1. Dimensions for additional WPs to be considered are shown under Assumptions (Ref.
4.3.11) (TBV).

2. The Outer Diameter has been changed to 1.250 m, (Ref. 5.8, pg. 4-21, EBDRD
3.7.1J.1).

The 1.28 m dimension - measuring from top of rail in the drift turnout to top of rail for the

4.1.7
reusable rail car- is from a previous document (Ref. 5.6), and is a critical dimension used
in the Transporter arrangement (Used in Figure 7.2.2) (TBV).
4.2 CRITERIA
The applicable requirements document is the Repository Design Requirements Document (RDRD)
(Reference 5.7):
421 Equipment used for waste-handling operations shall be designed so that waste-handling

422

423

4.3

operations can be performed in reverse order to permit retrieval of emplaced WPs (Ref.
5.7, RDRD 3.7.4.1A.4).

Cranes and similar handling equipment shall be capable of meeting the requirements
specified by DOE Order 6430.1A, Section 1460 and the CMAA 70 Standard (Ref. 5.7,
RDRD 3.7.4.1 A.5).

For the purpose of this design analysis a high surface wind with a speed of 75 mph was
used. Rationale: RDRD paragraph 3.3.1 and 3.3.4.B requires the use of applicable codes
in DOE Order 6430.1A under General Design Criteria (-0109), Reference Standards and
Guides, which cites ANSI 58.1, now ASCE 7-88. The requirements of ASCE 7-88
indicate that the project area is in a special wind region, therefore ESFDR 3.2.1.2.1.1C was
used -because it is site specific- until specific repository environments are identified.
(Used in Attachment I). )

ASSUMPTIONS

The assumptions used in this analysis are listed below. The rationale for the assumptions is cited
in the Controlled Design Assumptions (CDA) (Reference 5.1). All controlled CDA assumptions
require confirmation as the design proceeds. Other design assumptions either from previous work
or generated specifically for this analysis shall be verified and any deviations shall be addressed in
Section 8.

4.3.1

432

Key 010 (Ref. 5.1, pg. 3-21): Rail transport will be used for subsurface transport of WPs.
(used throughout the analysis)

a. Key 011 (Ref. 5.1, pg. 3-22): WPs will be emplaccd in-drift in a horizontal mode.
(Used in Attachment V)

HADATAANALSREFII00. WPD.E(091697/11:41)
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432

433

434

435

43.6

4.3.7

4338

b. Key 066 (Rcf. 5.1, pg. 3-55): WPs will be placed center-in-drift, on pedestals, using

Gantry emplacement. (Used in Attachment V)

Key 013 (Ref. 5.1, pg. 3-23): No human entry is planned in emplacement drifts while WPs
are present. The waste emplacement/retrieval equipment may use robotics and/or remote
control features to perform operations and momtonng within the emplacement drifts.
(used throughout the analysis)

Key 031 (Ref. 5.1, pg. 3-33): (Used throughout the analysis)

A. WP containment barriers will provide sufficient shielding for protection of WP
" materials from radiation-enhanced corrosion.
B. Individual WPs will not provide any additional shielding for personnel protection.
C. Additional shielding for personnel protection will be provided on the subsurface
Transporter and in surface and subsurface facilities.

The WP, after being sealed, shall be capable of withstanding a 2.4 m drop without
breaching. Note, the drop height in this assumption is greater than the drop height of 2-m
onto an unyielding surface without breaching, as identified in the CDA (Ref. 5.1, EDBRD
3.7.1.1.F). Two possible approaches to consider a potential drop height of 2.4 m are:
Either WPs need to be re-evaluated for the greater drop height, or the use of energy
absorbing materials shall be used to limit the net effect of WP drop in excess of 2-m (Used
in Section 8.1.2). (TBV) ‘

Not Used.

Key 070 (Ref. 5.1, pg. 3-59): The following diameters are assumed for underground
openings. (Used in Attachment V)

Underground Opening Diameter (m)

Ramps 7.62

Access/Service Main  7.62

Emplacement Drift TBD (for additional details, see assumption 4.3.21)

Note: For mobile’ cquxpment design, the inner operating envelops in the ramps and
drifts, which are smaller that 7.62 m, have to be considered. The thickness of ground
support in the ramps, access drifts/service mains has been assumed to be 300 mm (Ref.
5.51).

DCSS 009, (Ref. 5.1, pg. 7-6):

Maximum grade in emplacement drifts: minimize within 0.25 to 0.75 percent for drainage.

Note: Round 0.75% grade up to 1.0% maxxmum for Gantry drive equipment sizing
purposes (Used in Attachment V).

H\DATAANALS\REFI9700.WPD.7(091697/12:41)
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" 439

43.10

4.3.11

4.3.12

4.3.13

4.3.14

Emplaccmcni Drift Temperatures
a. DCSS 019, (Ref. 5.1, pg. 7-13):

Maximum allowable air temperature in emplacement drifts durmg emplacement: 50°C
dry-bulb, only in portion requiring access

b. DCSS 023 (Ref. 5.1, pg. 7-16)

Maximum allowable preclosure rock surface temperature in:

Shafts: 35°C - unventilated
Ramps: 35°C unvcnulatcd
Mains: 50°C
Emplacement Drifts: 200°C

Temporary increases in these temperatures are allowed during initial cooling of
emplacement drifts for maintenance, performance confirmation, retrieval, and backfilling
(Used in Attachment II, Section 2.0).

Not Used

Dimensions and the weight of the largest WPs to be handled shall not exceed:

A. Outer Diameter: 1970 mm (Ref. 5.1, pg. 8-6, DCWP 005)

B. Outer Length: 5850 mm (Ref. 5.1, pg. 4-21, EBDRD 3.7.1].1)
C. Loaded Mass: 69,000 kg (Ref. 5.1, pg. 4-22, EBDRD 3.7.1.J.2)
Notes:

1. A rounded up value of 2.0 meters has been used as the maximum Outer Diameter of the
WP to determine clearances in this analysis (Used t.broughout this analysis).

2. The Outer Length has been changed to 5.900 m, (Ref. 5.8, pg. 4-21, EBDRD 3.7.1.J.1).

3. The Loaded Mass has been changed to 70,000 kg, (Ref. 5.8, pg. 4-22, EBDRD
3.7.1J.2).

Weight of WP is assumed to be uniformly distributed through-out the volume of the WP
for this analysis. It is understood that radioactive waste material will be placed in
symmetrically oriented basket assemblies and therefore the weight and center of gravity
would also be uniformly distributed. (Used in Attachments I, II, V, and IV)

Rail turnouts that connect each Emplacement Drift with the Main Drifts shall have a radius
of 20.0 m when measured from the centerlme of a drift (Ref. 5.51, 4.3.23). (Used in
Attachments III and VII)

The bottom of the Drift Turnout excavation will be 0.80 m below the bottom of the
Emplacement Drift excavation, based on the current thinking that the elevation difference

HADATAVNALS\REFIY?00.WPD.8(091697/12:41)
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of 0.8 allows for the WP emplacement operation (Ref. 5.44) (Used in Figures 7.9.2 thru
7.9.5 and Section 8.4.2).

4.3.15 WP placement order in the Emplacement Drift shall be from the center of the Emplacement
Drift to the drift entrance (Ref. 5.6). (Used in Attachment V)

43.16 DCSS 036 (Ref. 5.1, pg. 7-27): Doors are required at entrances to Emplacement Drifts.
(Used in Section 7.7)

43.17 There will be an end skirt at both ends of the WP that will allow for the WP to be handled
during emplacement. Each skirt will have an inner length of approximately 225 mm (Ref.
3.6, Volume I, Appendix B). (Used in Attachment IT and V)

4.3.18 Radiation shielding used on the WP Transporter to provide protection from gamma and
neutron radiation will consist of materials and thickness as follows (Ref. 5.17): (Used in
Attachments [ and IIT)

Material Reference for
Material Deansity Materisl Type Material Thickness R‘.If;;'::n";"
(kg/m") and Density
Borated 920 Ref. 5.17, pg 21 101.6 mm one layer Ref.5.17,pg 75
Polyethylene *76.2 mm one layer Ref.5.17, pg 80
(15%) .
Carboa Steel 7832 Ref. 517, pg 20 152.4 mm onec layer Ref.5.17,pg 75
, *]177.8 mm one layer Ref.5.17,pg 80
Stainless Steel _7949.7 | Ref.5.17,pg 20 S mm two layers Ref.5.17, pg 80

*The shiclding dimensions and materials foc the WP Transporter are assumed to be S mm SS316L + 152.4

mm carbon steel + 101.6 mm borated (1.5% boron) polyethylene + 5 mm SS316L in the radial direction; and §
mm SS316L + 177.8 mm carbon steel + 762 mm borated polyethylene + S mm SS316L in the axial direction.
Rationale: The radial shielding dimensions are based on the results of a detailed shielding analysis (Ref. 5.17)
to limit the Transporter surface dose rate to less than 50 mrem/hr. The axial shielding dimensions are derived
from the radial shiclding thickness by increasing the carbon steel thickness by 25.4 mm to account foc the
increased gamma radiation field from the fuel assembly end fitting sources, and by decreasing the reduced
neutron field on the ends.

43.19 The Gantry rail size will be 44.6 kg/m (90 lb/yd) ASCE rail. This assumption is a
conclusion from a previous analysis (Ref. 5.6, Appendix E). (Used in Attachments IT and
V) (TBV)

4.3.20 Seismic Design Inputs for the Exploratory Studies Facility at Yucca Mountain: Seismic

Horizontal and Vertical Acceleration = 0.27g (Ref. 5.9, Table 1) Seismic analysis will
consist of a quasi-static analysis applying a horizontal and vertical acceleration to the waste

- package transporter and to the emplacement gantry. Final design will evaluate equipment

under the dynamic loading in accordance with the site-specific response spectra. The
seismic force will be the product of the horizontal and vertical accelerations times the
weight of the item being analyzed. .(Used in Attachmg:nts Tand II) (TBV)

HADATAANALS\REFIY70D.WPD.X091697/12:41)
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43.21

4.3.22

43.23

4.3.24

4.3.25

4.3.26

43.27

4.3.28

4.3.29

4.3.30

4331

Preliminary design assumptions for the subsurface repository arc based on an excavated
Emplacement Drift bore diameter of 5.5 meters. Ground support systems in the
Emplacement Drifts are assumed to be up to 200 mm thick. Based on these assumptions,
the useful inner drift diameter will then be approximately 5.1 meters (Ref. 5.5, 4.3.14).
(Used in Attachment V)

From a preceding analysis (Ref. 5.6, Appendix E),'the track gage of 1.44 m (56'% in.) for
both the Transporter and the Reusable Rail Car will be used. (Used in Attachments III and
V) _

The Gantry rail gage will be 2.58 m and the top of rail shall be 1.0 m above the invert of
the Emplacement Drift (Ref. 5.38, Attachment I, Figure 14, pg. 11-42). (Used in Sections
7.4 and 7.9, Attachments IT and V) '

The Transporter and Gantry Carrier rail will be a 57 kg/m (115 1b/yd) AREA rail (Ref, 5.6,
Appendix E). (Used in Attachments IIl and VI) (TBV)

The Reusable Rail Car rail inside the Transp.ortct and in the Emplacement Drift will be
44 .6 kg/m (90 Ib/yd) ASCE rail from a prcccdmg desxgn report (Ref. 5.6, Appendix E).
(Used in Attachment IV) (TBV)

The Reusable Rail Car will operate only on straight, without any curves, track inside the
Transporter, in the entrance of the Emplacement Drift and in the Waste Handling Building
(WHB) and does not require pivoting trucks (Ref. 5.6, Appendxx E). (Used in Attachment

V) (TBV)

Maximum Transport Locomotive speed of 8 km/hr (5 mph) is from a previous design
report (Ref. 5.6, pg. E-4). (Used in Attachment VII) (TBV)

The WP Transporter shall be moved from the surface WHB by two trolley-powered
locomotives located on each €nd of the Transporter and operating in tandem (Ref. 5.5, pg.

33). (Used in Attachment VII) (TBV)

The WP Transporter shall be moved from the East Main Drift into the Emplacement Drift
Turnout and up to the Emplacement Drift Transfer Dock by one trolley-powered
locomotive (Ref. 5.5, pg. 34). (Used in Attachment VII) (TBV)

The gantry design shall allow for a minimum clearance of 1.00 m between emplaced WPs.
Rationale: This dimension meets the necessary clearance required for alignment and mis-
positioning of the gantry lifting mechanism. (Used in Section 8.4.5) (TBV)

The top of the shadow shield in the Emplacement Drift shall be 75 mm above the height
of the largest diameter WP of 2.0 m. From (Ref. 5.17 Section 4.3.2.9) the diameter of the
shadow shield is assumed to be 2.15 m to completely cover the projected end of the largest .
WP diameter. It is inferred that the centerline of the 2.15 m diameter shield is on the same

HADATAVANALS\REFT9700.WPD. 10(09 1697/12:41)
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4332

43.33

4334

4.3.35

44

44.1

4.42

443

444

centerline as'thc 2.0 m WP and that the outside diameter of the shield extends past the
outside diameter of the WP by one-half of the difference in diameter (150 mm) or 75 mm.
(Used in Sections 7.4.3.2 and 8.1 and Figure 7.9.1) (TBV)

Shielded Electrical Cabinets are constructed of 5 l mm (2 in.) thick ASTM A36 steel plate
(Ref. 5.36, pg. 77) (Used in Section 7. 4 3.9) (TBV).

The centerline of a 2.0 m diameter WP on support pedestals shall be 1.96 m above the
invert of the Emplacement Drift (Ref. 5.14). (Used in Section 7.4, Attachmcpt V) (TBV)

WP carry-over capability shall be considered in the development of the emplacement
gantry. WP carry-over means the ability to move one WP over another already emplaced

WP in an emplacement drift. Rationale: Carry-over is a desirable gantry feature, if WP
retrieval becomes necessary at a later date, but it is not a rcqmremcnt (Used in Section

74.3.2) (TBV). -

Administrative operator controls will be in place to limit radiation exposure to workers

from the time the WP is removed from the WP transporter until the time it is transferred

behind the shadow shield. (Used in Section 7.1.1 ) (TBV).
CODES AND STANDARDS

American Institute of Steel Construction (AISC)

AISCMO016-89 -  AISC Manual of Steel Construction, Allowable Stress Design, Ninth
Edition

American Society of Mechanical Engineers (ASME) _

ASME NOG-1-1995 Rules for Construction of Overhead and Gantry Cranes (Top Running
Bridge, Multiple Girder)

American Welding Society (AWS)

AWS D1.1-94 Structural Welding Code - Steel, Thirteenth Edition
AWS Dl4.1 Specification for Welding Industrial and Mill Cranes

American Society for Testing and Materials (ASTM)

ASTM A36/A36M-94 Standard Specification for Carbon Structural Steel

HADATA\ANALS\REFTI9700.WPD.11(091697/12:41)
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445

44.6

44.7

4.4.8

51

52
53

54

55
5.6

5‘7

Crane Manufaétm-crs Association of America Inc (CMAA)

CMAA No. 70 Specification for Top-Running Bridge and Gantry Type Multigirder
Electric Overhead Traveling Cranes, Revised 1994

American Railroad Engincering Association (AREA)

Manual for Railway Engineering, 1994

Amcricén Socicety of Civil Engineers (ASCE)

ASCE 7-88 Minimum Design Loads for Buildings and Other Structures (Revision
of ANSI A58.1-1982), July 1990

Association of American Railroads (AAR)
Manual of Standards and Recommended Practices, Section C-Part II, Specifications for
Design, Fabrication, and Construction of Freight Cars, M-1001, Volume I Standard, Issue
of 1988.

5. REFERENCES
CRWMS/M&O (Civilian Radioactive Waste Manage;ﬂcm System Management and
Operating Contractor), Controlled Design Assumptions Document. DI:B0O0000000-01717-
4600-00032 Rev. 04, ICN 01

U.S. Department of Energy, Quality Assurance Requirements and Description, DOE/RW-
0333P, Rcv 7

DOE (U.S. Department of Energy), Q-List, YMP/90-88Q, Rev. 4, Office of Civilian
Radioactive Waste Management

Exploratory Studies Facility Design Requirements, YMP/CM-0019, Rev. 2.

CRWMS/M&O, Evaluation of WP Transport and Emplacement Equipment,
DI:BCAF00000-01717-0200-00002 Rev. 00

CRWMS/M&O, Mined Geologic Disposal System Advanced Conceptual Design Report,
DI:B00000000-01717-5705-00027 Rev. 00, Volume IT

DOE (U.S. Department of Energy), Repository Design Requirements Document. YMP/CM-
0023 Rev.0,ICN | )
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'5.8

5.9

5.10

5.11

5.12

513

5.14

5.15

5.16

5.17

5.18

5.19

5.20

5.21

5.22

5.23

CRWMS/M&O (Civilian Radioactive Waste Management System Management  and
Operating Contractor), Controlled Design Assumptions Document. DI: B00000000~017l7-
4600-00032 Rev. 04, ICN 02

CRWMS/M&O, Seismic Design Inputs for the Exploratory Studies Facility at Yucca .
Mountain. Technical Report. BAB000000-01717-5705-00001 REV 02.

Not Used
Not Used

CRWMS/M&O, QAP-3-12, Desxgn Input Tmnsrmttal H A. Benton to D. G. McKenzie, ITI,
03-13-97.

CRWMS/M&O, Interoffice Correspondence, WP Static Evaluation for Gantry Concept,
Zekai Ceylan, LV.WP.SMB.03/95.103

CRWMS/M&O, Waste Package Support and Pier Static and Seismic Analysis, DI
BBAB00000-01717-0200-00006 REV 00.

CRWMS/M&O, Interoffice Correspondence, Gantry forxng Fixture- Prelxmmary Design .
Concept, Zekai Ceylan, LV.WP.ZC.12//96-288

Software Requirements Document for Structural Analysis and Design/Integrated Structural
Design System (STAAD-IIVISDS), Version 4-8 MB, Rev. 16.0. Computer Software
Document Number: SRD-02, Revision 0, Computer Software Configuration Item (CSCI)
number 20.93.3002-AAU4-8MB.

CRWMS M&O, MGDS Subsurface Radiation Shielding Analysis, DI.BCAE00000-01717-
0200-00001 REV 00.

Whiting Crane Handbook 1967. Third Edition, Wﬁng Corporation.
Prestressed Concrete Institute (PCI)

PCI Design Handbook, 1985. Tmrd Edition.

Not Used

Industrial D-C Motors ¥%-3000 HP, 1997 Catalog, Reliance Electric.
Not Used .

U.S. Motors, Constant Speed Gear Products, Catalog No. PB 460, 7/95
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524 REX Power, Transmission and Conveying Components, Bulletin R100, 1992
525 Not Used
526 NotUsed
5.27 Ferdinand P. Beer and E. Rlusscll Johnson, Jr.; Mechanics for Engineers, Statics, 1956,
McGraw-Hill Book Company, Inc.
528 . Not Used |
5.29 Marks Mechanical Engineers Handbook, 6th Edition, 1958, McGraw-Hill.
530 Not Used
531 Not Used.
532 Not Used.
5.33 Irwin Car and Equipment, Industrial Cars and Package Wheel Assemblies Catalog, 1992.
534 Not Used.
535 Not Used
536 CRWMS M&O, Performance Confirmation Data Acquisition System, DI:BCA100000-
01717-0200-00002 REV 00
537 Not Used
538 CRWMS/M&O, Emplacement Drift Invert Szructural Design Analysis, DI: BBDC00000-
01717-0200-00001 Rev. 00.
5.39 Kasgro Rail Corp, fax from Gabe M. Kassab to Chris Weddle, 4/29/97, Rail Car Specialty
Listing, 125-ton equipment.
540 CRWMS M&O, Repository Rail Electrification Analysis, DIBCAC00000-01717-0200-
00002 REV 00.
5.41 SKE, Product Service Guide, April 1992.
542 NACO Technology, Fax from Mark Benigas to Dave Hamann, 5/2/97, NACO Tech. Dwe.

No. 35958, Industrial Equipment, Willison Automatic Coupler.
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5.43 National Castmg, Inc. Telecon from Mark Benigas to Dave Hamann, 5/2/97, Subject
Coupler Selection and Weight.

544 CRWMS M&O, ESF Layout Calculation, DI:BABEAD000~01717;0200-00003 REV 04.

5.45 . Virgil Moring Faires, “Design of Machine Elements,” Third Edition, The MacMillan
Company, 1955.

5.46 Not Used

5.47 DOE Order 6430.1A, General Design Criteria.

5.48 Not Used.

5.49  Association of Iron and Steel Engineers (AISE), Guide for the Design and Cor;srruction of -
Mill Buildings, AISE Technical Report No. 13, August 1991.

S50 Lehigh University, Fritz Engineering Laboratory, Static and Friction Testing of Standard
Hilman Rollers, Frank E. Stokes, 5/23/95.

551 CRWMS M&O, Repository Subsurface Layout Configuration Analysis, DI.BCA000000-
01717-0200-00008, REV. 00.

552 CRWMS M&O, Emplacement Drift Air Control System DLDCA000000-01717-0200-00005
REV. 00.

553 STAAD-II Analysis portion of Attachment I, Waste Package Transporter Structural
Analysis, in electronic media form.

554 STAAD-NII Analysis portion of Attachment II, Waste Package Transporter Structural
Analysis, in electronic media form.

6. USE OF COMPUTER SOFTWARE
6.1  Computer hardware used for this analysis was a Cbmpaq 5120, 120 MHZ Pentium.
6.2 STAAD-II, Release 22W, Revision 22.0W for Windows (Ref. 5.16), is the computer

software used to perform structural steel stress analysis. This software has not been verified
and validated in accordance with applicable CRWMS M&O procedures, but is satisfactory
for use for this preliminary analysis. Results arc presented in Attachments I and II. Since
the software used has not been validated, all related outputs are designated TBV.

HADATAWNALS\REFI9700.WPD. L (092497/12:48)



.

[~

"

[

|

Title: Preliminary Waste Package « DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design Page:16 of 94

7. DESIGN ANALYSIS
71 WASTE PACKAGE TRANSPORT EMPLACEMENT SYSTEM
7.1.1 Introduction

The overall objective of the WP Transport Emplacement System is the safe transport of spent nuclear
fuel waste materials in the subsurface portion of the repository, the placement of these materials in
underground storage, and, if required, the retrieval of these materials on an as needed basis. The
results from this design analysis shall be considered as TBV. The basic components of this system
are: ‘

* The rail transport system consisting of rails, Transport Locomotives, shiclded WP
Transporter with Reusable Rail Car, Gantry Carrier, and DC power system. :

» Theemplacement system consisting of Emplacement Gantry Gantry rails, and DC power
system.

» Emplacement Drift Isolation Doors and Transfer Dock.

Functions of the rail transport system are:

To receive WPs from the WHB.

To safely transport WPs to the underground Emplacement Drifts.

To provide shielding for workers who must perform duties around the WP Transporter.
To deliver WPs to the Emplacement Drift Transfer Dock.

To transport the Emplacement Gantry from the Gantry storage to the underground
Emplacement Drifts, from drift to drift, and back to storage.

Functions of the emplacement system are:

¢ To receive WPs from the transport system at the ﬁmplaccmcnt Drift Transfer Dock.
 To transport WPs in the Emplacement Drifts.
* To place WPs on preset pedestals on the Emplacement Drift invert.

For retrieval of WPs under normal conditions, the emplacement operations are repeated in reverse
order. Retrieval under abnormal conditions may require additional equipment not covered in this
analysis. ~

Subsystems included in the transport system are required for the following purposes:

* Rails - Provide the access route and vehicle guidance from surface facilities to the
Emplacement Drifts. The Rail System also provides the electrical ground for the direct .
current (DC) power system.

+ Locomotives - Provide the means to move the WP Transporter or Gantry Carrier on the
rail system. Locomotives will be equipped for manual or remote control. Normal
operation of the Locomotives will be manual with human operators. During loading and

HADATAVANALS\REFIFI00.WPD. 1 6(090997/2:24)
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unloading of the WPs the Locomotive operation will be remotely controlled to pncvcnt
human exposure to radiation when the WP is outside the shielding of the WP Transporter
(Ref. 4.3.35).

WP Transporter - Provides the means to transport the WPs underground and deliver them
to the emplacement system. The WP Transporter will have shielding to reduce emitted
radiation, it will also be equipped with a rigid chain system for loading, unloading, and -
securing the Reusable Rail Car with WP during transport operation.

Reusable Rail Car - Provides a moveable base for supporting and containing the WP
during transportation to the Emplacement Drift and is an interface between the WHB and
emplacement systemn. The Reusable Rail Car travels to and from the Emplacement Drift

.inside the Transporter. The Rail Car in this application is reusable compared to a

previous concept of leaving the Rail Car in the Emplacement Drift as permanent support
for the WP,

Gantry Carrier - Provides a means to transport the Gantry to and from the Emplacement
Drifts. The Gantry Carrier is similar to a railroad flat car equipped with rails for
supporting the Gantry. An electrified third rail system is provided to supply power for
the loading and unloading operation of the Gantry.

- DC Overhead Power System - Provides DC power to the Locomotive through an

overhead pantograph system. This system is covered in a separate analysis (Ref. 5.40).

Systems included in the emplacement system are required for the following purposes:

[ ]

Gantry - Provides the means for lifting, transporting and placing WPs in the
Emplacement Drifts (Ref. 4.3.35).

Gantry Rails - Provide support and guidance for the Gantry in the Emplacement Drift and
the electrical ground for the DC power system.

DC Third Rail Power System - Provides DC power to the Gantry. This system is covered
in a separate analysis (Ref. 5.40).

WP Transporter Unloader System Guides in Emplacement Drift - vazdcs for extending
the travel of the Rail Car unloader into the Emplacement Drift.

Emplacement Drift Isolation Door - Provides for separation of the Emplacement Drift
from the turnout area to restrict entry, to control ventilation, and to provide for a limited
amount of radiation protection. This system is covered in a future analysis that addresses
the drift ventilation.

Emplacement Drift Transfer Dock - Provides an elevatcd platform or dock with rails and
unloader guides that line up with the respective rails and guides in the WP Transporter
or Gantry Carrier for the delivery of the Reusable Rail Car or Gantry into .the
Emplacement Drift.

Shadow Shield - Provides radiation protccuon to permit personnel access in the main
drift and turnout areas (Ref. 5.17).

As indicated in the preceding paragraphs there are many interfaces between equipment items within
the WP Transport and Emplacement System. This system also interfaces with facilities that are
outside the limits of the system, such as the WHB. All of these interfaces will be identified in the
body of this analysis.

HADATAANALS\REFT9700.WPD.17(090997/2:28)
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- 7.12  Sequence of Operations

Transport of WPs to the underground repository begins with the loading of WPs onto a Reusable
Rail Car within the WHB. The Reusable Rail Car is then loaded into a WP Transporter (the
transporter) and the transporter doors are closed. At least one Transport Locomotive (the
locomotive) is always connected to the transporter and moves the loaded transporter out of the WHB.
These operations are remotely controlled. Once the transporter has cleared the WHB, operators
board the locomotive and an additional, or secondary locomotive is then coupled to the rear of the
transporter. The secondary locomotive, connected in the rear of the transporter, is a requirement for
movement of the transporter from the WHB to the access drifts (Section 4.3.28). During WP
transport through the North Ramp and the Mains, where gradients are both positive and negative,
two locomotives will be coupled to the transporter. One locomotive will be in the front (the primary
locomotive) and one in the back of the transporter (the secondary locomotive), facing the shielded
doors of the transporter. The dual locomotive arrangement has the advantage that in either travel
direction on an incline (upward or downward) there will always be one locomotive ahead of the
transporter, this arrangement may prevent a potential run-away situation for the transporter. The

. train travels to the repository via the North Ramp into either the East or West Main Drift, depending

on the location selected for WP disposal. Which of the two locomotives (primary or secondary) will
lead the train down the North Ramp depends on the selection in which emplacement drift WP
unloading and emplacement will take place. The locomotive operators control the train from the
locomotive that leads the train down and back up the North Ramp.

The train proceeds past the turnout area adjacent to an active Emplacement Drift. At this point, the
secondary locomotive at the rear of the transporter is decoupled because clearance is required at the
rear of the Transporter for WP unloading at the Emplacement Drift Transfer Dock. The operators
vacate the Locomotive and control is once again performed remotely. A rail switch is thrown
cnabling the WP Transporter to be backed into the turnout towards the Transfer Dock and Isolatwn
Doors located at the Emplacement Drift entrance.

As the train approaches the loading dock area the WP Transporter doors and the Emplacement Drift
Isolation Doors are opened by remote control. The WP Transporter is then backed up to the Transfer
Dock at the Emplacement Drift.

Once the Transporter is aligned with the Emplacement Drift Transfer Dock, the Reusable Rail Car
and WP within the Transporter are unloaded using an internal loading/off-loading mechanism.

After the Reusable Rail Car containing the WP is off-loaded into the Emplacement Drift, the rail
mounted Gantry moves into place over it. The Gantry grips the WP at both ends and raises it. The
Gantry then transfers the WP into the Emplacement Drift for placement on preset pedestals.” After
placement, the empty Gantry retumns to the Emplacement Drift entrance to await the arrival of the
next WP, After the WP is removed, the Reusable Rail Car is retrieved back into the WP Transporter.
The Locomotive and Transporter containing the empty Reusable Rail Car move away from the dock
area. Once the Locomotive and Transporter clear the dock area, Transporter doors and the
Emplacement Drift Isolation Doors are closed.

HADATAUNALS REFION0. WPD. 18(090097/2:34)
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The Locomotive and WP Transporter containing the Reusable Rail Car move towards the Main Drift
via the turnout. Once the train reaches the Main Drift it moves past the rail switch and recouplesto
the second Transport Locomotive. Remote control is discontinued and operators reboard the lead
Locomotive. The rail switch is then opened and the train, with both Locomotives, moves through
the Main Drift and up the North Ramp to the WHB.

7.2  WASTE PACKAGE TRANSPORTER
7.2.1 Attachment Reference

Attachment I - Structural Analysis

Attachment III - WP Transporter-Mechanical Equipment Selection

Attachment VIII - WP Transporter/Gantry Carrier Truck Arrangement and Weight Analysis
Attachment IX - WP Transporter-Coupler Vendor Information and Weight

Attachment X - Serapid Rigid Chain Information

7.2.2 Functional Requirements

The purpose of the Transporter is to transport the WPs on the Reusable Rail Car to the Emplacement
Drift. A basic equipment outline and pertinent features of the WP Transporter are shown in Figures
7.2.1 through 7.2.4. The design contains the necessary flexibility to transport WPs of varying sizes
and weights up to and including a 2.0 m diameter, 5850 mm long WP, weighing 69 metric tons
(MT). In performing the transporting funcuon the Transporter must complete the followmg
subfunctions:

« Provide shielding for workers during transport and emplacement operations.

» Provide a safe stable platform for transporting the WP and Reusable Rail Car.

* Provide structural integrity for supporting the load, coupling to the Locomotive(s), and
braking systems to aid in stopping and speed control. ;

* Accurately line up Transporter and Reusable Rail Car rails to Emplacement Drift rails
and provide solid connection/restraints.

* Load and unload the Reusable Rail Car with WP.

» Open and close shielding doors.

* Provide for manual connections on front for power, control, and air brakes to
Locomotive.

7.23 Transporter Subsystems
To perform the primary functions and subfunctions as identified in Section 7.2.2, the WP Transporter
is composed of several component systems including the shielding, underframe, undercarriage,

couplers and connectors, brake system, door operators, Reusable Rail Car restraint, Reusable Rail
Car unloading system, wiring, interlocks, and instrumentation.

HADATAVANALS\REFT9700. WPD. 1 %090997/2:24)
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7.2.3.1 Shielding

The shielding is designed to reduce the radiation from the WP inside the Transporter to an acceptable
safe level of less than 50 mrem/hr at the surface of the Transporter, which is compatible with the
operations within the Main Drifts (Ref. 5.17). The shielding is a composite of stainless steel, carbon
steel, and a borated polyethylene material with a total thickness of 264 mm (10.4 in.) (Section
4.3.18). The individual thickness of the carbon steel and the borated polyethylene that make up the
total shield thickness vary with the location of the shielding in relation to the WP. Refer to Section
4.3.17 for the respective shielding material thicknesses in the radial or axial direction from the WP

_and the supporting rationale. The carbon steel shield faces the inside of the Transporter providing

the gamma shielding and serving as the shielding structure. The 1.5% B-poly neutron shielding
material is attached to the outside surface of the carbon steel. The 1.5% B-poly is covered on the
outside with stainless steel (refer to Figure 7.2.5). The Transporter has two swinging doors for Rail
Car unloading constructed of the composite material. The doors swing 270 degrees out and around
to the side of the Transporter. The carbon steel inner shield material can be fabricated and machined
into door hinges and other features as required.

7.2.3.2 Underframe

The underframe is the structure below the floor which connects the Transporter shield and the
couplers to the trucks, It also provides location and support for the auxiliary equipment, including
the door operator, air brakes, WP Rail Car unloader, and miscellancous electrical equipment,
controls, wiring, and instrumentation. This analysis has developed the shield as a rigid box with
doors that is not only self-supporting but also used as a structural component of the underframe. The
underframe is fabricated of structural steel sections and plates with welded or bolted connections.
There are two sections of the underframes, one front and one rear, which are connected and
integrated with each other by the underside of the shielding floor. The front underframe includes
the front coupler, front bolster plate, and an equipment platform for the WP Rail Car unloader. The
rear underframe section includes the rear coupler, truck bolster plate, and the door operator drive.
A structural analysis verifying major underframe members selection is presented in Attachment I.

7.2.3.3 Undercarriage (Trucks and Wheels)

The trucks provide support mobility and guides for the Transporter. They are of standard rail car
configuration adapted to this specific application (see Attachment VIII for equipment details). The
trucks include wheels, axles, bearings, brakes, and springs, which are incorporated into the truck
frame, and the bolster, which transmits the load from the truck to the bolster plate of the underframe.
The truck bolster includes a bolster pin, which centers the truck in a corresponding hole in the bolster
plate and allows for the trucks to pivot and the Transporter to negotiate curves in track. The truck
capacity is based on maximum operating load, which is the maximum operating weight divided over
the 8 wheels of the two trucks. The maximum design operating weight is used to select a wheel and
rail combination. The maximum operating weight is 233.15 MT (257.1 tons) per Attachment I and
the design wheel load is 44,961 kg (99,138 Ibs) per Attachment III. A cormresponding wheel
selection is of 762 mm (30 in.) diameter and a 57 kg/m (115 Ib/yard) AREA rail. The wheels used

HADATAVANALS\REFTYI00 WPD.24(050997/2:24)
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in the bridge crane service are heat treated to a hardness of 58 RC (615 BHN) and the rails to a 320
BHN. Refer to Attachment III for wheel selection and rail verification.

7.2.3.4 Couplers and Connectors

The Transporter is equipped with two Willison-type couplers common to underground mining and
tunneling rail equipment (Attachment IX). This provides for a Locomotive at the front and the rear
during the transport operation from the surface and a more positive braking in the downgrade descent
to the Emplacement Drift (Section 4.3.28). The couplers will have automatic release. However,
only the rear coupler will require activation during normal operation when the rear, or secondary
Locomotive is disconnected for Transporter unloading. The automatic coupler on the secondary
Locomotive shall have a remotely controlled pneumatic actuator which disconnects the Locomotive
from the Transporter. All power and control connections for the Transporter functions are from the
primary Locomotive which remains coupled in normal operation. The secondary Locomotive will
be controlled from the primary Locomotive and will not require an electric and air brake connection

.to the Transporter as with the case for the primary Locomotive, which is not disconnected for normal

emplacement operation.

A clearance or “pocket” is required in the face of the Emplacement Drift Transfer Dock for the rear
Transporter coupler and is described further in Section 7.9.

7.2.3.5 Brake System

The Transporter is equipped with a fail-safe air brake system that is interconnected and operates in
conjunction with the Primary Locomotive, similar to rail industry practice. The system utilizes
spring set, air release brakes and includes the brake shoes, air cylinders, and operating linkage
installed on the trucks with the air reservoir, piping, and miscellaneous equipment located on the
underframe. The air brakes are connected to the Primary Locomotive with rail industry standard
manual connections. A separate redundant braking system will be provided for the Transporter and
will be addressed in a future analysis,

7.23.6 Transporter Door Operators

The Transporter will have an automatic door operator, controlled from the Primary Locomotive
through a removable connector between the two. Each door shall have an operator and both,
working in unison, will open and close the shielded doors for WP Rail Car loading at the surface
WHB and the unloading at the Emplacement Drift, (Figure 7.2.6). Each door weighs approximately
10,011 kg and is fixed to a hinge pin, which rotates in the lubricated sleeve bearings of the door
hinge allowing it to swing 270 degrees to a location at the side of the Transporter (Attachment II).
The door hinge includes a thrust bearing to support the vertical load of the door. The doors are
rotated in either direction for opening or closing by the 178 mm (7 inch dia.) hinge pin that extends
through the shield floor and is connected through a spline joint to a low speed (1 rpm) motor gear
reducer. Refer to Attachment III for door operator speed selection. The motor gear reducer is a right
angle helical-worm unit for flange mounting to the underside of the shield floor. Gearmotor input
is 1750 rpm and output is 1 rpm with 268 kg-m (in-1b) of torque and requires a 3% hp, 1750 rpm

H\DATAVNALS\REF19700.WPD. 25(000097/2:24)



[

I

Title: Preliminary Waste Package
Transport And Emplacement Equipment Design

| o -——————— " oSS0 - PR

DI:BCA000000-01717-0200-00012 Rev00
Page:27 of 94

/- COMPOSITE SHIELDING

\

//f-oooR FRAME HINGE

HINGE PIN
~
'~

DOOR OPERATOR

™~
’ \.
.
‘.
c: /
GEAR MOTOR

=z

o =uw
<! )
=z ==
- 2<

] [
wa. =Zu
>Wun
(1 N
ox

FIGURE 7.2.6
WASTE PACKAGE TRANSPORTER
DOOR OPERATOR

cE-aui- If

CaD FILE: t:\repss\mech\figissme024..fi9




[

I

I

[

Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design . Pagpe:28 of 94

" motor. The doors will.also be equipped with a locking device to secure the closed doors against the

body of the Transporter, maintaining the radiation seal and preventing accidental opening during
transport operations. The door lock will be operated remotely and interlocked with the door operator
operation. Details for the door design and locking device will be the subject of further analysis.

7.23.7 Reusable Rail Car Restraint

The Reusable Rail Car is attached to the loading/unloading mechanism which positions the Rail Car
on the rails both inside and outside the Transporter. A restraint will secure the Rail Car when the
Transporter is in the transit mode. The Rail Car unloader engagement hook secures the Rail Car
from movement on the rails, and the restraint secures the WP and Rail Car in all degrees of freedom.
The restraint will be the subject of further analysis.

7.2.3.8 Reusable Rail Car Unloader System

One of the major operations in the final placement of the WP is the unloading of the WP Reusable
Rail Car from the Transporter to the Emplacement Drift using the Rail Car unloader system. The
loading/unloading mechanism utilizes a proprietary “rigid chain” design, which can be coiled up like
a conventional chain, but assumes the characteristics of a rigid bar when uncoiled and subjected to
a force along its uncoiled length (Attachment X). This feature allows for storage of the chain in the
coiled state to provide for the 12 m travel required for unloading the Reusable Rail Car. The main
chain components are the storage magazines, right-angle chain drives, and guides for the chain in
the rigid state. This concept utilizes two separate rigid chain systems, which allows all chain to be .
stored in magazines inside the Transporter on each side of the WP Rail Car with drives located
outside the shielding on an equipment platform for repair and service. The two drives are connected
to a common gearmotor for synchronous operation. Each of the rigid chains are drawn from the
respective magazine through a penetration in the shielding to the drive and then driven back through
another penetration in the shielding. Inside the shielding, the rigid chain runs in a guide installed
on the floor where it is connected to a "pusher bar,"” which engages the Rail Car and moves it
through the open doors of the Transporter and out into the Emplacement Drift. The pusher bar is
supported off of the two Rail Car rails on equipment rollers with vertical guide rollers to maintain
alignment. The rigid chains run in guides in the Transporter floor and continue on into the tunnel
in the same guides installed in the tunnel floor. The pusher bar is equipped with a counterweighted
self latching engagement hook that serves to maintain contact between the bar and the Rail Car front
plate and draw the Rail Car back into the Transporter. The engagement hook may be released to free

-the Rail Car from the unloader if needed in the WHB (Figure 7.2.7) or for maintenance. The

mechanism for the hook release is the subject of future analysis.

7.23.9 Transporter and Emplacement Drift Transfer Dock Alignment and Support

The alignment of the Rail Car tracks and the two rigid chain guides at the interface point with the
emplacement dock is critical for the proper operation of this concept. This interface is depicted in

Figure 7.2.8. Refer to Section 7.9 for functional requirements. The Transporter loading and
unloading alignment and support system design is the subject of future analysis.
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7.23.10 Wiring, In.terlocks, and Instrumentation

The Transporter will be prewired in rigid conduit for power and coatrol, located outside the
Transporter shielding for ease in maintenance and/or repair. The wiring, required for interconnection
to the Primary Locomotive, will terminate in separate cable bundles for power and control to
separate terminal blocks in a common enclosure. The connection of the cables between the
Transporter and Locomotive will be by quick connect/disconnect connections. The control
electronics will be installed inside an enclosure with easy access for connection to the Locomotive
cables. The Transporter will be equipped with interlocking devices for safety and proper operation.
The Transporter will also be equipped with instrumentation for monitoring intemnal environmental
conditions, such as temperature and status conditions, such as "door locked". This information will
be relayed back to the Primary Locomotive for control and monitoring purposes.

Required electrical connections between the Transporter and the Primary Locomotive include:

Door system power, control and status

Unloader system power, control and status ]

Reusable Rail Car unloader connection power, control and status
Transfer/loading dock alignment status '
CCTV monitors power and controls

Environmental data (temperature, etc.) connections

Lighting '

7.24  Interfaces
The WP Transporter will interface with the following equipment items or systems:

WHB . :

Reusable Rail Car (which is considered a part of the WP Transporter)
" WPs

Transport Locomotive

1. Couplers

2. Electrical, Control and Instrumentation Systems

3. Air Brake System

Rail and Switch Systems Included in North Ramp, Main Drift, and Drift Tumouts

Emplacement Access Tunnels
" Emplacement Drift Transfer Dock -

Rail Car Unloader Chain Guides in Emplacement Drift

Rail Car Rails in Emplacement Drift

7.2.5  Transporter Structural Analysis
A structural analysis was performed on the Transporter structure using STAAD-TIVIDS software.

The analysis performed on the Transporter was less comprehensive than the analysis for the
Emplacement Gantry since, in this application, the most important output was the total operating
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weight rather than overall envelope size. The maximum operating weight was essential to the sizing
of the trucks, wheels, rails, and locomotives. The final Transporter arrangement reflects the results
of the analysis performed. !

The Transporter structural analysis is addressed in Attachment L.
7.3 REUSABLE RAIL CAR
731  Attachment Reference

Attachment IV - Reusable Rail Car - Mechanical Equipment Selection
73.2  Functional Requirements
The purpose of the Reusable Rail Car is to provide a means of supporting and moving the WP into
the Transporter, supporting and securing the WP inside the Transporter, functioning with the WP
unloader system, and transferring WP from the Transporter to the Emplacement Drift.
The Rail Car, as depicted in Figures 7.3.1 through 7.3.4, accommodates various sizes of WPs. The
physical sizes and weights of the WPs carried by the Rail Car are outlined in (Section 4.1.6 and
4.3.11). The Rail Car design is based on a WP of the maximum dimension, 2.0 m dia. x 5.85 m

long (Section 4.3.11), and maximum weight, 69,000 kg (Section 4.3.11). The Rail Car may be
detached from the Transporter loader/unloader system as necessary for WP loading operations in the

~ 'WHB or for maintenance. The Rail Car is equipped with a towing eye on both ends for connection

to a prime mover when detached from the loader/unloader.

7.3.3  Rail Car Subsystems

To accomplish these functions the Rail Car is composed of the following subsystems.
7.3.3.1 Underframe and WP Support Structure

The Rail Car is fabricated from ASTM A36 structural steel plate welded per AWS D1.1 (Ref. 4.4.3).
The V-shaped WP support, or cradle, is supported on a boxed structural section with provisions for
the attachment of four axle assemblies. The length of the cradle accommodates the longest design
WP of 5850 mm. WPs of shorter length are centered lengthwise between removable spacers placed
at each end of the cradle, which not only prevents longitudinal shifting of the WP in transit, but also
ensures equal loading of wheels, and positions the WP in the Rail Car for engagement by the Gantry
crane lifting heads.
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7.332 WheeV/Axle Assembly

The Rail Car and WP are supported on four equally spaced wheel and axle assemblies. Each
assembly includes an axle with supporting brackets for attachment to the underframe and wheels
with integral bearings attached to each end of the axle. The assembly is the standard manufacturers
product used in heavy-duty and severe applications, such as foundries, mills, and mines. The unit
s¢lected for this application utilizes 356 mm (14 inch) diameter single-flange rail wheels with a rated
capacity of 13.6 MT (15 tons). The Rail Car will travel on 44.6 kg/m (90 1b/yd) ASCE rail in the
Transporter and in the Emplacement Drift Transfer Dock. Refer to Attachment IV for Rail Car
weight analysis, wheel selection, and rail verification.

7.3.3.3 WP Spacers

The_Reusable Rail Car WP support cradle will accommodate the longest WP (5850 mm) between
the end plates. For the two other lengths (5335 mm and 3790 mm) (Section 4.1.6), one of two sizes

" of removable spacers will be placed at each end of the cradle to assure positioning and retraining the

WP in the middle of the cradle. The spacers, if required, would be installed at the WHB with the
WP. Locating tabs on the spacers fit into respective slots in the cradle, and position the spacers
against each end plate. '

73.4  Interfaces
The Rail Car will interface with the following equipment items or systems:

e WPs

« WHB

1. Rail

2. WP Loading System
WP Transporter

1. Rail

2. Unloader

3. Rail Car Restraint
Emplacement Drift Rail
Emplacement Gantry -

735  Structural Analysis
No structural analysis was performed for the Reusable Rail Car. The sizing of materials

and the rail car configurations shown are based on a mechanical evaluation of envelope
limits and WP sizes.
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74 EMPLACEMENT GANTRY

74.1  Attachment Reference
Attachment V - Gantry Loads and Equipment Selection
7.4.2  Functional Requirements

The purpose of the Emplacement Gantry is to receive and transport WPs from the Reusable Rail Car
to the placement position in the Emplacement Drift. The Emplacement Gantry, shown in Figures
7.4.1 through 7.4.4, is a self-propelled remotely operated vehicle. In performing the emplacement
function the Gantry must complete several subfunctions, including:

* Accurate positioning over the WP on the Reusable Rail Car to effect engagement of the
WP by the lifting heads.

 Lifting of the WP from the Reusable Rail Car.

» Lifting of the WP over the Rail Car end plate and the concrete shadow shxeldmg. if in

place.

Traversing of the WP to its designated placement position.

Accurate positioning of the WP over the existing support pedestals.

Lowering of the WP onto the support pedestals.

Returning to the drift entry to receive the next WP.

If deemed necessary at a later time, retrieve WPs from the Emplacement Drift by

reversing the placement process.

In addition to these functions and in accordance with earlier preliminary analysis (Ref. 4.3.21), the
Emplacement Gantry has been designed to operate in a 5.5 m diameter drift with 200 mm radial
allowance for ground support. Also, a 100 mm radial clearance for variations in drift diameter has
been incorporated into the analysis. Consideration has been given to various Gantry functions to
prevent encroachment of this clearance and to provide the Gantry with a maximum lift capability.

74.3  Gantry Subsystems

To complete the above functions the Emplacement Gantry is composed of several component
systems, including the Gantry frame, traversing system, hoisting frame with adjustment capability
to accommodate various WP lengths, and lifting head trolley. In addition, several other systems are
required to aid in the operation and control of the Gantry. These systems include TV monitoring,
braking, and traversing load support. All operating components of the Gantry are electrically
operated from a Gantry power distribution system which receives primary DC power from brush
contactors running on an electric conductor bar or third rail in the Emplacement Drift. Each of these
components has a specific purpose as described in the following sections:

HADATANALS\REFIVT00.WPD.38(090997/2.24)
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7.43.1 Gantry Frame

An important component of the Emplacement Gantry is its structural frame. Structural failure may
jeopardize the emplacement process. The Emplacement Gantry structure, shown in Figure 7.4.5, has
several purposes. First, the structure must be designed to support its own weight, the WP, and the
loads imposed during a seismic event. Secondly, the structure provides the bearing and drive support
for the four lifting ball screw mechanisms required to lift the WPs. Third, the structure provides base
support for the traversing bogies. The Gantry structural members are composed of ASTM A36 steel
shapes and fabrication is in accordance with American Welding Society (AWS) standards. Steel
materials, ASTM A36, used for this design reflect the lowest boundary of material strength
satisfactory for use in the gantry structure. The material is durable, ductile and resists fatigue better
than most of the higher strength steels. ASTM A36 and other high strcng1h steels will be evaluated
for appropriate use during the final design process. An analysis for sizing the structural members
is presented in Attachment II.

7.43.2 Gantry Frame Options

The height to which it is necessary to lift a 2.0 m WP impacts the overall height of the Gantry frame
and is a determining factor in selection of drift dxametcr For this analysis lifting height is dictated
by the following conditions:

1. Camrying a 2.0 m WP over another 2.0 m WP resting on pedestals on the drift invert. This
option may be desirable (but is not required) if it becomes necessary to retrieve WPs at a later
date. A 150 mm clearance between WPs is provided. This condition is depicted in Figure
7.4.6.

2. Retrieving a 2.0 m WP from the Reusable Rail Car. To complete this function, the
controlling factor is the capability of the hoisting frame to clear the WP on the Reusable Rail
Car. A 150 mm clearance between the hoisting frame and WP is provided. This condition
is depicted in Figure 7.4.7.

3 Lifting a 2.0 m WP over a shadow shield installed on the drift invert. Height of the shadow
shield is 75 mm above the top of a 2.0 m WP on a pedestal, and a 150 mm clearance between
the shield and WP is provided. This condition is depicted in Figure 7.4.8.

Each one of these conditions has a corresponding set of dimensions, the sum of which will determine
the Gantry lifting height. In addition, if all of these conditions arec met at the same time, the
condition resulting in the Jargest lifting height would control Gantry frame design. The dimensions
associated with each condition are as follows:

1. For camry-over condition lift height is composed of the following dimensions:
« 76 mm - Clearance between WP skirt (WP on pedestals) and lifting head
+ 1000 mm - one-half diameter of WP resting on pedestals in the Emplacement Drift invert
» 1000 mm - one-half diameter of the lifted WP :

HADATAMNALSRERIITOD. WPD 4 X090997/2:24)
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¢ 150mm- élear.mce between WPs (Note: The clearance dimension of 150 mm is based
on engineering judgement, it has been used throughout this design analysis).

Lift height = 76 mm + 1000 mm + 1000 mm + 150 mm = 2226 mm.
Refer to Figure 7.4.6

2. To retrieve a WP from the Rail Car, the hoisting frame must clear the top of the WP. The
lifting height is composed of the following component dimensions:

« 713 mm - Distance from low point of hoisting frame (LPHF) in its lowest position to
centerline of WP on Rail Car (293 mm + 420 mm)

¢ 1000 mm - Radius of 2.0 m WP

» 150 mm - Clearance over WP (see note to itém No. 1 above)

Lift=713 mm + 1000 mm + 150 mm = 1863 mm
Refer to Figure 7.4.7 (with lift height of 1863 mm, i.e. without WP carry-over capabxhty the
‘excavated drift diameter could be reduced to approximately 5.3 m.)

3. For a 2.0 m WP to clear an installed shadow shield the lifting height is composed of the

following dimensions:

e 76 mm - Clearance between WP skirt (WP on pedestals) and lifting head

¢ 2000 mm - Diameter of WP resting on pedestals on the Emplacement Drift invert
+ 75 mm - Height of shadow shield above 2.0 m WP (Ref. 4.3.31)

150 mm - Clearance between WP and shadow shield (see note to item No. 1 above)

Lifting Height = 76 mm + 2000 mm + 75 mm + 150 mm = 2301 mm
Refer to Figure 7.4.8

From these calculated lifting heights it can be concluded that the presence of a shadow shield is the
determining factor as to whether the Gantry is designed with or without the carry-over option. In the
case that a shadow shield is required and installed prior to the start of the emplacement functions,
then the gantry will have to lift each WP above the shadow shield. This requirement will
automatially result in the inherent carry-over capability of the gantry, because the shadow shield
would have to be as tall or taller than the diameter of the largest WP, to be an effective shield.

The present design, with 2226 mm lifting height, is capable of lifting a 2.0 m WP over an installed
shadow shield; However, clearance between the WP and shadow shield would be reduced to
approximately 75 mm. Referring to Figure 7.4.8, with the current Gantry design the shadow shield
will have to be constructed with notches in the sides to provide clearance to the tow lugs. The
minimum side clearance shown as 45 mm will be approximately 60 mm since the largest WP
diameter is 1970 mm and 2000 mm was used for the general arrangement. The selection of
appropriate clearances was based entirely on engineering judgment. A more precise determination
of clearance requirements should be the subject of a future analysis.

HADATAANALS\REF19700. WPD.48(090997/2:24)
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" 7.4.3.3 Traversing Sy%

The Emplacement Gantry is self-propelled using four two-wheel bogies with one bogie placed at
each comer. One wheel in each bogie is driven by a 5 hp DC variable-speed electric motor through
a right angle gear reducer and roller chain assembly. This drive option is shown in Figure 7.4.1 and
provides the largest clearances between drift wall and drive mechanism. The gear motor, having a
nominal reduction ratio of 50:1 and a chain drive ratio of 1:1, will provide an output speed of 35
rpm. At this wheel speed the Gantry travel speed will be up to 0.732 m/sec (144 ft/min.), but will
be controlled not to exceed 0.711 m/sec (140 fumin.). Acceleration of the Gantry will be controlled
by varying the motor voltage. Speed and deceleration of the Gantry will be controlled by a brake,

- which is integrally mounted in the motor. A redundant restraining system shall also be provided for

emergency braking, constraining Gantry in position over the WP in both lifting and placing operation
and on the Gantry Carrier. This will be a subject of future analysis. The use of four motors for travel
meets the requirements of ASME NOG-1, which requires that each four-wheel unit utilizes a drive
arrangement that provides power to at least SO percent of the wheels. Bogie wheels are 400 mm in
diameter and have a load capacity of 19.8 MT. Since there are 8 wheels per Gantry, the total load
capacity is 158.4 MT, which is sufficient to support the weight of the WP and Gantry structure of
114 MT by a factor of 1.39. Calculations for wheel and gearmotor sizing along with verification of
rail size are presented in Attachment V. Evaluation of air and hydraulic braking and restrainment
systems for stabilizing lifting and lowering operations designed to operate in high radiation
environments will be considered in future studies.

7.4.3.4 Traversing System Options

- While the base Gantry drive option (shown in Figure 7.4.1) provides tine advantage of large .

clearances, it has the disadvantage of using more parts that can fail. For this reason a direct drive
option was considered. The arrangement was considered with the shaft mounted drive located both
on the outside (Figure 7.4.9) and inside (Figure 7.4.10) of the bogie. As can be seen in the figures
with the outside drive mounting, the drive encroaches upon the 100 mm clearance zone. With the
inside mounting the rail gage is increased to avoid interference with the 2.0-m WP, and the rail is
located on the outside edge of the invert haunch. From a design standpoint, this is an undesirable
location for the rail. For these reasons the base case option is considered the best choice.

7.4.3.5 Hoisting Frame

The hoisting frame directly supports the WP when it is lifted by the Gantry, and it is designed so that
WPs can be placed horizontally in the Emplacement Drift with a minimum spacing of 0.92 m
(Reference 4.3.30). This frame is depicted in Figure 7.4.11 and is constructed wide enough to
accommodate the 2.0 m diameter WP and long enough to accept the 5850 mm WP with a maximum
clearance of 6002 mm between lifing heads. Adjustment for the length of the WP is included in the
hoisting frame. This is accomplished with ball screws located on the outside of the longitudinal
support beams. The screws position the lifting head trollies at each end of the hoisting frame to
accommodate the various WP lengths. This adjustment mechanism is depicted in Figure 7.4.12.
The ball screws are 57 mm (2% in.) in diameter and are made in right hand and left hand

-
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" pairs enabling the hftmg head trolleys to move in or out in unison to adjust to the length of the WP.

The ball screws are sized to withstand the acceleration load of a seismic event and are powered by
one-third hp gear motors having an output speed of 188 rpm. Speed of the lifting head trolleys will
be 4.77 m/min. The hoisting frame will be fabricated similar to the Gantry structure with A36 built-
up structural shapes welded in accordance with AWS standards. Calculations for the trolley ball
screws are presented in Attachment V.

Once the WP is engaged by the lifting head trollies, the WP is lifted off the Reusable Rail Car.
Lifting screws, located inside of the vertical C-section columns at each corner of the hoisting frame,
provide the vertical lift. The ball screws are supported at both ends by rigidly mounted angular
contact bearings and are chain-driven by electric gearmotors mounted on the top cross-member of
the Gantry. This base case drive option is shown in Figure 7.4.1 and 7.4.11. The gearmotors are
right-angle foot-mounted units, providing an output speed of 28 rpm with a rating of 7.5 hp. The
selected lifting ball screws have a 100 mm diameter and a 25.4 mm per revolution lead. A maximum
vertical lift of 2226 mm is required to be able to lift a 2.0 meter diameter WP over another 2.0 meter
WP. This design will allow the WP to be elevated to its maximum height in approximately 3
minutes and, during lifting of the WP, an integral motor brake included in the traversing motors will
ensure that movement of the Gantry cannot occur. During traversing of the Gantry, solenoid
operated locks placed in the C-section columns will engage the hoisting frame to support the load
and minimize flexing of the ball screws. Calculations for the ball screw selection are presented in
Attachment V. Future studies will evaluate and refine the design of other options for supporting the
load during traversing of the Gantry.

7.4.3.6 Hoisting Frame Drive Options

Other options for driving the ball screws were considered. They include direct drive (Figure 7.4.13)
and individual chain drives (Figure 7.4.14). As indicated in Figure 7.4.13, direct drives infringe into
the required clearance envelope for a 5.5 m diameter drift; therefore, this option is not suitable.
Individual chain drives are a suitable option; however, these drives would have to be mounted where
the electrical boxes are now located as shown in Figure 7.4.1. For these reasons, the design as
depicted in Figure 7.4.1, is considered the best choice.

7.4.3.7 Lifting Head and Trolley

A preliminary design evaluation has confirmed that the method to lift each WP by its two end skirts
(Ref. 5.13) is acceptable when using two lifting heads/fixtures (Ref. 5.15). The functions of the
lifting head trolley are to provide an adjustment for the variations in length of the WPs, to engage
the recessed ends of the WP, and to provide a structure for lifting the WP. The trolley is carried on
the top flange of the longitudinal beams of the hoisting frame and, as described earlier, is positioned
by the trolley screws, which are also carried on the hoisting frame (Figure 7.4.11). Movement of the
trolley on the top flange of the longitudinal beams is facilitated by the use of flat rollers. The trolley
is secured to the hoisting frame by sliding plates welded or bolted to the hoisting and trolley frames.
Each trolley is carried by six rollers each having a capacity of 7.25 MT. Calculations supporting the
selection of the trolley rollers are presented in Attachment V.

HADATAVANALS\REFIF70D. WPD.54(050997/2:24)
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7.4.3.8 Gantry Power

Electrical power to operate the Gantry is the subject of a separate design analysis. That analysis calls
for the power to be supplied from a third rail installed on the drift invert. Power will be supplied
through two spring loaded brush-type contacts which slide along the rail as the Gantry moves within
the Emplacement Drift. These contacts will be located approximately 1.0 m inside of each bogie so
that if continuity is interrupted on one contact the other will continue to supply the Gantry. Electric
power from the contactors will feed into a power distribution panel on the Gantry.

7.4.3.9 Gantry Controls and Communications

The contro] system for the Emplacement Gantry is the subject of a separate analysis now in progress.
The current concept calls for the use of a set of redundant on-board programmable logic controllers
(PLCs) and control computers. The control system will control and monitor all vital on-board
operations and functions such as vehicle locomotion, speed, acceleration, braking, and positioning.
It will also control and monitor WP hoist and lifting head drive motors, limit switches, and operate
load locking/latching devices. In addition, the control system will operate and interface to on-board
camera and lighting systems, thermal monitoring and control systems, radiation monitoring systems,
power supply and distribution systems, and remote communication systems.

The present Gantry design incorporates four radiation shielded electrical enclosures (as shown in
Figure 7.4.1). Each enclosure is constructed of a rmmmum thickness of 51 mm of carbon steel (Ref.
5.36, page 78).

The current design concept calls for the Emplacement Gantry to remotely communicate with
operators who are located-at a control station on the surface. The operators will be linked to the
Gantry by a subsurface communications network, The network will consist of a fiber-optic
communication throughout the main and perimeter drifts and will provide for wireless remote control
within the Emplacement Drifts. Communication technologies currently being considered for use
inside the Emplacement Drifts include direct radio via a distributed antenna system, radio control
via a leaky feeder cable system, or the use of slotted microwave guide technology. These will be
addressed in a future analysis on the Emplacement System Controls and Communications.

744 Gantry Interfaces

The Emplacement Gantry must interface with the following equipment items or systems:

Cross cut drift envelope

Reusable Rail Car

WP

Emplacement Drift Transfer Dock
Emplacement Drift envelope
Emplacement Drift Gantry rails
Emplacement Drift WP pedestals

HADATANALS\REFIITC0.WPD.57(0918974.25)
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e Emplacement Drift Gantry third rail electric power
* Remote control system

*  Gantry Carrier

¢ Gantry Carrier third rail

774.5 Gantry Structural Analysis

A comprehensive structural analysis was performed on the Gantry structure using STAAD-II/IDS,
a computer software with specific application for analyzing and designing .steel frames and
accessories. The level of this analysis was considered appropriate since the verification of the Gantry
structure and resulting envelope is a major factor in determining the minimum size of the
Emplacement Drift diameter, Isolation Door, and Gantry rail, along with other supporung interfaces,
such as power.

The structural analysis for the Gantry is presented in Attachment IT and includes a design basis that
was generated for this equipment. Input for the analysis is identified and described in the input
sections of this analysis. The results of this analysis are reflected in the ‘structural mcmbcr size and
arrangement of the Gantry design.

7.5 GANTRY CARRIER
7.5.1 Attachment Reference

Attachment VI - Gantry Carricr Weight and Wheel Selection
Attachment VIII - Transporter Truck Arrangement and Weight Analysis

752 Functional Requirements

The purpose of the Gantry Carrier is to transpdrt the Gantry from the surface storage facility to the
underground drifts and from drift to drift during normal operation of the repository. Due to the
reduced operating weight of the Carrier, only one of the Transport Locomotives will be required.

7.5.3 Carrier Subsystems

The Carrier will be similar to a railroad flat car with 44.6 kg/m (90-1b/yd) ASCE rails mounted on
the Carrier bed to accommodate the Gantry. A third power rail will also be mounted on the Carrier
to supply power to the Gantry during loading and unloading operations. The Gantry will utilize the
same remote control for loading and unloading as used for the WP placement operation. The Gantry
will be secured to the Carrier with a spring set clamp. The track gage for the rails will be 2.58 m,
which matches the drift invert rail gage. Dimensions of the Carrier flat bed are as shown in Figure
7.5.3. The Carrier arrangement is shown in Figures 7.5.1 through 7.5.4. Descriptions of the Carrier
components are as follows: '

HADATAVANALS\REFTYT0D. WPD.S3090997/2:24) -
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7.5.3.1 Underframe

The underframe structure will be a standard railroad flat car design with horizontal main stringers
running the full length of the car near its midpoint. The stringers will support the bolster plates and
bolsters at each end of the car to provide the connections to each undercarriage. The stringer also
provides an anchor point for the coupler located at the end of the car. Outside stringers located at
the outside edge of the car will be attached to the main stringers with crossbeams, spaced at close
intervals and running at 90 degrees to the main stringers. These will be attached to the rails and will
support the weight of the Gantry. The underframe is fabricated of structural sections and plate with
welded or bolted connections.

7.5.3.2 Undercarriage (Trucks and Wheels)

To provide uniformity between emplacement equipment items the Carrier trucks will be the same
as those used on the Transporter. Refer to Attachment VI for wheel selection and rail verification.

7.5.3.3 Couplers

The Gantry Carrier interfaces with one of the Transport Locomotives through a coupler provided at
one end of the Carrier. The coupler will be the same as that provided with the Transporter.

7.53.4 Bmke System

The Carrier braking system will be the same as the brake system installed on the Transporter. Refer
to Section 7.2.3 for a description.

7.5.3.5 Gantry Restraint

Once the Gantry is loaded onto the Gantry Carrier, a restraint is required to secure the Gantry when
the Carrier is in motion. The restraint secures the Gantry in all degrees of freedom. The restraint
to be used is a spring set/electric or air pressure release fail-safe type, which engages the Gantry at
several locations. The restraints shall be either part of the Carrier or Gantry and controlled
accordingly. Details of the restraint system will be the subject of a future analysis.

7.5.3.6 Third Rail Gantry Power System

A third rail electric power system installed on the Carrier will provide power for the loading and
unloading of the Gantry from the Carrier. This rail will be identical to the system installed in the
Emplacement Drifts. Power will be supplied to the third rail from the Locomotive through an
clectrical cable connection to the Carrier. The Gantry has a brush contact installed approximately
1.0 m from each end so that power is continually supplied to the traversing drive controls during
loading and unloading operations.

HADATAANALS\REFI970D.WPD.£3(000097/2:24)
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' 7.5.4 Gantry Options

Figures 7.5.5 and 7.5.6 depict the two Gantry options (carry-over and no carmry-over capability)
loaded on the Gantry Carrier.

7.5.5 Interfaces
The Gantry Carrier will interface with the following equipment or systems:

. Transport Locomotive
1. Air brake connection
2. Gantry third rail power connection
3. Gantry restraint power and control connection
¢ Emplacement Drift Transfer Dock
» Emplacement Gantry
» Rail and switch systems
North Ramp '
Main Drift
Drift Tumout
Emplacement Drift Gantry rail

UN -

7.5.6 Structural Analysis

No structural analysis was performed for the Gantry Carrier. The sizing of materials and the carrier
configurations shown are based on a mechanical evaluation of envelope limits and WP sizes.

7.6 TRANSPORT LOCOMOTIVE
7.6.1 Attachment Reference

Attachment VII - Transport Locomotive - Equipment Selection
7.6.2 Functional Requirements . |
The purpose of the Locomotives is to move the WP Transporter from the WHB to the Emplacement
Drifts. A Locomotive is also required to transport the Emplacement Gantry to and from the
Emplacement Drifts. The arrangement of the Locomotive is shown in Figures 7.6.1 through 7.6.4.
7.6.3 Locomotive Subsystems
7.6.3.1 Overhead Trolley Power Connector System

The Locomotive shall receive 600 VDC single conductor power through a pantograph mounted on
the Locomotive (Ref. 5.40).

HADATAUNALS\REFIY700.WPD.64(090997/2:24)
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7.63.2 Tractive Power System

The tractive power system consists of 600 VDC motors, transmissions, and wheel sets with axles,
bearings, and load springs. This system provides the horsepower necessary for the running tractive
effort plus the reserve power for adequate acceleration.

7.6.3.3 Locomotive Frame

The Locomotive frame provides the structural integrity required for operator safety, component
alignment, and proper transfer of drawbar trailing loads to the wheels.

7.6.3.4 Couplers

Couplers on the Locomotives are Willison type, compatible with couplers on the Transporter and

. Gantry Carrier. They transfer the drawbar pull required to move the loads. Refer to Section 7.2 and

Attachment IX for a description of the coupler.
7.6.3.5 Brake System

The brake system will be an automatic (fail safe) air brake system which applies the brakes by
releasing air from the system. The advantage of this type of system is that should the air line break
or leak the brakes will be set automatically, stopping the train. The brake system will function as
a speed control device during downhill transport of WPs, as well as a stopping device. The Primary
Locomotive controls the brakes on the Transporter and the Gantry Carrier through the air brake
connection between the two. In the case of Transporter application, the brakes of the Secondary
Locomotive shall be remotely controlled from the Primary Locomotive. Details of the Locomotive
remote control will be the subject of a subsequent analysis.

7.6.3.6 Remote Control Features

The Locomotives will be either manually controlled or remotely controlled when conditions prevent
on-board operators. In addition to the remote Locomotive control equipment, the Primary
Locomotive, which is always connected to the Transporter, will also include the controls for the
Transporter functions. Control and power for the Transporter functions will be through cable
connections between the Transporter and Primary Locomotive. Details of the Locomotive and
Transporter controls and instrumentation shall be the subject of a subsequent analysis.

Loading and unloading of the WPs from the Transporter along with the shielded door operation will
be included in the operational functions of the Locomotives remote controls.

7.64 Locomotive Capacities

Locomotive capacity was analyzed (Attachment VID with regard to the following operating
conditions:

HADATAANALS\REFI9700. WPD.71(U50997/2:14)
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« Two Locomotives retrieving a WP loaded in a WP Transporter up the North Ramp.
*  One Locomotive moving a loaded WP Transporter at the Emplacement Transfer Dock
1. Case A - Operation in Main Drift with 1.4% grade.
2. Case B - Operation in Drift Turnout with 20 m radius curve and 0.5% grade.
» Locomotives moving a loaded WP Transporter down the North Ramp.
1. Case A - Two Locomotives moving a loaded WP Transporter.
2. Case B - One Locomotive moving a loaded WP Transporter.

The result of this analysis indicated that the one Locomotive operation placing the WP Transporter
at the Emplacement Drift Transfer Dock requires the maximum capacity. The largest contribution
to the 45 ton capacity requirement was the turnout with 20 m radius. A specially designed Goodman
Type 201 Locomotive was selected to perform this duty (Refer to Figure 7.6.1). This Locomotive
has 30 in. diameter wheels on 100 in. centers and can negotiate the 20 m curve in the tumout. The
Type 201 is normally used as a 20 to 25 ton trolley or battery operated Locomotive with a 914 m (36
in.) rail gage. The standard design would be modified with larger motors, additional weight, and
an increased width to accommodate the 1441 mm (56'2 in.) rail gage. An alternate Locomotive, as
shown in Attachment X, is a standard 35 ton Locomotive utilizing a two truck system and eight
driving wheels. It could also be modified to fit this application and will be considered in future
studies.

The selection basis for this analysis is a Goodman Model 201 trolley-powered mining or tunneling
Locomotive which from Goodman General Assembly Drawing No. 201914-000 has the following
dimensions which are used in Figures 7.6.2 through 7.6.4:

.Overall length: 6706 mm (264.0 in.)
Coupler centerlines: 7728 mm (304.25 in.)
Top of rail to top of cab: 2410 mm (95.06 in.)
This drawing shows only an overall width to walkways which extend out from each side of the
Locomotive. Another source was used for the width of the Locomotive frame. From Attachment
XTI, Goodman Data Sheet for Coal Mining and Tunneling Locomotives, a Type 201 trolley-powered
Locomotive has an overall width of 1778 mm (70 in.) for a 914 mm (36 in.) track gage.

To accommodate the greater track gage of 1440 mm (56 in.) as identified above, the Locomotive
width was adjusted as follows:

" Increase in track gage = 1440 m - 914 m = +526 mm
Assufning that Locomotive width would increase by the same amount,
Estimated width = 526 mm + 1778 = 2304 mm

Rounding up, the new estimated Locomotive width used in Figures 7.6.2 through 7.6.4 is 2400
mm.

HADATAVANALS\REFTY700.WPD.T2090997/2:4)



e

r——

[

Title: Preliminary Waste Package
Transport and Emplacement Equipment Design

DI: BCA000000-01717-0200-00012 REV 00
Page:73 of 94

7.6.5 Locomotive Interfaces

Locomotives will interface with the following pieces of equipment or systems:

» WP Transporter
1. Mechanical coupling
2. Air brake connection

3. Transporter functions power and control
4. Instrumentation and status connections.

- WHB
» Rail and switch systems
. 1. North Ramp

2. Main Drift

3. Drift Tumouts

» Electrical, control and instrumentation systems

» Gantry Carrier
1. Mechanical coupling
2. Third rail power connection
3. Air brake connection
4. Gantry restraint control connection
5. Interlock and status connections

7.6.6 Structural Analysis

No structural analysis was performed for the Transport Locomotive(s) because locomotives for
similar applications and operating in related industries have been built, used and have demonstrated

reliability for over many years.

7.7 DRIFT ISOLATION DOORS

7.7.1 Attachment Reference
None.

7.7.2 Functional Requirements

Each Emplacement Drift entrance will require I.Smplacemcnt Drift Isolation Doors (Ref. 4.3.15).
Major functions of the Emplacement Drift Isolation Doors should include the following:

» Control access to the Emplacement Drifts

» Provide for easy transfer of remotely controlled mobile equipment for emplacement,
retrieval, performance confirmation, and maintenance functions
« Provide a degree of radiation protection (Ref. 5.17)

* Remote control operation

« Control air flow and air leakage into the drifts

HADATAVNALS\REFI9700. WPD.7X090997/2:24)
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* Provide conmoilcd louvers or dampers for airflow when needed
¢ _Resist varying thermal loadings
* Require low maintenance/high reliability

7.7.3 Arrangement

A swing-typz door system will be used as an initial selection. It consists of two door panels, each
pivoted about a hinged point. The use of two doors rather than one shall minimize the load on the
hinged connection between the door and the supporting door frame. The doors are sized to
accommodate the largest piece of equipment loaded and unloaded at the Transfer Dock. As
discussed further, each of the two swing doors will have a remotely controlled actuator to open and
close the doors, as required, for the Emplacement Drift functions.

. 7.7.4 Construction

A minimum thickness of 25.4 mm (1 in.) 304 stainless steel has been selected for this analysis (Ref.
5.17). The thickness is significant to personnel radiation protection in the main drifts, when the door
is closed. This.thickness can be obtained using one single thickness of material or the total of
several. The door will be constructed of a channel frame with at least a 12.7 mm (2 in.) 304
stainless steel skin on each side. The frame (an undetermined width at this time) will serve to add
rigidity to the door structure, similar to a hollow-core door, and aids in retaining the door shape in
varying thermal loading conditions. The hollow interior may be filled with insulation if the door is
also required to serve as a thermal barrier. The door supporting frame and bulkhead, which complete
the isolation between the Drift Tumout and the Emplacement Drift, may also be of the same
construction. The doors will pivot on hinges, which could be machined from steel and slipped in
between and attached to the door and support frame outer skin. Final size of door and actuator will
be based on loading requirements determined in future analysis.

Basic door construction and actuation is addressed in this analysis; however, additional requirements
for the door and bulkhead will be defined and addressed in a future analyses (Ref. 5.52).

1. Low leakage air flow seals for doors and door frames that functions under both differential
temperature and pressure conditions.

2. Automatically controlled ventilation louvers or dampers in the doors and/or bulkhead.

3. Radiation seals for doors and door frames.

4. Door construction that resists warpage due to differential operating temperatures and
pressures.

7.7.5 Door Operators

Three different methods of controlling door movement were considered: hydraulic cylinder,
pneumatic cylinder, and a linear actuator or rotary drive, both driven with electric gear motors.

The hydraulic system is a low-pressure desigrx which normally operates at 10.34 mPa. An individual
cylinder would be used to activate each door as depicted in Figure 7.7.1. A hydraulic pump driven

HADATAVANALS\REFI9700.WPD.74(090997/2:24)
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by an electric motor would provide the fluid pressure. An accumulator would be used to supplement
the hydraulic pump. The accumulators could also handle abnormal situations when the pump is out
of operation and the doors need one additional movement.

The pneumatic operator would be similar to the hydraulic system with one air cylinder on each door
to provide the necessary operating force. Air would be supplied by the facility compressed air
system with accumulators used for backup. The accumulators would provide sufficient air pressure
for movement in the event that the main supply line failed or the surface-mounted air compressors
became inoperative.

An electric linear actuator could be a ball screw type and in the same arrangement as the hydraulic
or pneumatic cylinder. The ball screw drive would be a nght-anglc gear motor and require only
electric power and controls.

The rotary drive considered for this application would utilize a right-angle helical worm-gear unit
to transfer the rotary motion to the door through the door pin, which is restrained in the door hinge
but revolves in the door frame hinge. A gear motor located at the top or bottom of the hinge pin
provides the required torque at the door hinge similar to the Transporter door operator (Figure 7.2.6).

The hydraulic design introduces a new system into thé overall repository design. Hydraulic pumps
and electric power would be required. It is a low-pressure system, which has the potential for
leakage through piping or pump seals, which would have to be maintained through a rigorous
preventative maintenance. The hydraulic fluid is also a potential source of fire, although flame-
resistant fluids are available. Redundant pumps would be required with a backup power system to
maintain operation. The system may not be capable of responding to abnormal conditions without
additional equipment items. Hence, for this application, the hydraulic system is not recommended.

The rotary drive design, as with the electric linear actuator, is a relatively simple system requiring
very little support equipment, such as fluids, pipe, valves, pumps, and accurnulators. However, an
independent power supply is required to handle emergency or other up-normal conditions.
Emergency generators located on the surface could supply backup power, or a small uninterrupted
power supply providing power to all door gear motors could be used. The design and maintenance
problems associated with locating the gear motors at either end of the pin and the additional
provisions that are required in the door hinge construction are reason to reject this design for the

~ Emplacement Drift Isolation Doors. In addition, the final loads due to pressure differentials across

the door (determined in a future analysis) may also make this method of operating doors less
effective than the use of linear actuators or cylinders acting directly on the door.

The pneumatic system design would meet the requirements for control of the Emplacement Drift
Isolation Doors. An air supply of adequate capacity is readily available using redundant air
compressors located on the surface. Accumulators also provide backup capability. Operating
pressure allows use of standard commercially available pipe and valves. The pneumatic cylinders,
compressed air piping, and valves are located on the positive-pressure side of the door, allowing
maintenance to be performed without special equipment and procedures. The pressure differential
also aids in achieving a good door seal. -

HADATAVANALS\REFI9T00. WPD.76(000997/2.24)
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In the event that the final design loads on the door exceed the maximum capacity obtained with the
largest practical size pneurnatic cylinder available, the electric linear actuator would be the alternate
consideration. Very high forces may be obtained with that type of actuator, as demonstrated in the
use of these types of actuators for the lifting requirements of the Gantry, and thcy would be as
accessible as the pneumatic cylinder for maintenance.

7.7.6 Interfaces

In the scope of this analysis, the Emplacement Drift Isolation Doors interface with the following
equipment items or systems:

Power (depending on type of operation)
Compressed air (depending on type of operation)
Instrumentation monitoring and control systems
Emplacement Drift Transfer Dock

Emplacement Gantry

WP Transporter

Emplacement Drift Air Control

7.8 RAIL SYSTEM
7.8.1 Attachment Reference

Attachment III - WP Transporter - Mechanical Equipment Selection
Attachment IV - Reusable Rail Car - Mechanical Equipment Selections
- Attachment V - Gantry Loads and Equipment Selections

7.8.2 Rail Layout

Figure 7.8.1 is a plan view of the track layout in the East Main Drift access, Drift Turnout area,
Emplacement Drift Transfer Dock, and Emplacement Drift.

7.8.3 North Ramp Rail

Conventional 57 kg/m (115 Ib/yd) AREA rail will be used in the North Ramp. This load capacity
is necessary to support the WP Transporter maximum operating weight of 233.15 MT (Attachment
). The load capacity of this rail is based on a 320 BHN hardness and is verified in Attachment ITL.

7.8.4 Main Access and Drift Turnout Rail

’

The rail system used in the main access and tumout area, which is subjected to the same loads as the
North Ramp, will also use the 57 kg/m (115 Ib/yd) AREA rail. The track has both, straight and
curved rail sections. Each drift turout from the main drift to the emplaccmcnt drift area will utilize
aremotely controllcd track switch No. 4.

HADATAANALS\REFI9700. WPD.T7(090997/2:24)
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- 7.8.5 Emplacement Drift Rail

The conventional 44.6 kg/m (90 1b/yd) ASCE rail was selected for the Emplacement Drift because
of the lighter weight of the Reusable Rail Car and WP and the Gantry and WP. The capacity of the
44.6 kg/m (90 Ib/yd) ASCE rail with a 320 BHN was verified for both the 1.44 m gage application
for the Reusable Rail Car (Attachment IV) and the 2.85 m gage application for the Gantry
(Attachment V). The Emplacement Drift rail for the Rail Car and Gantry is straight without curves.

7.8.6 Rail System Interfaces

» North Ramp Rail
- Transporter
Locomotives
Gantry Carrier
- Rampinvert
- Remote rail switch operator
- Other rolling stock, man trip cars and maintenance equipment

* Main Access and Tumout Rail
- Transporter
- Locomotives
- Gantry Carrier
- Emplacement Drift invert
- Remote rail switch operators
- Emplacement Transfer Dock
- Emplacement Drift Isolation Door

* Drift Emplacement Rail
- Reusable Rail Car
-  Gantry
- Emplacement Drift invert
- Emplacement Transfer Dock
7.9 EMPLACEMENT DRIFT TRANSFER DOCK
79.1 Attachment Reference
None

7.9.2 Functional Requirements

Provide an elevated platfdrm or dock to accommodate the unloading of emplacement rail equipment
from Rail Carriers to the Emplacement Drift:

1. Reusable Rail Car with WP from the Transporter

HADATAANALS\REFI970D.WPD. 79(090997/2:24)
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2. Gantry from the Gantry Carrier

In performing the transfer of the emplacement equipment to the Emplacement Drift, the
Emplacement Drift Transfer Dock must perform the following subfunctions:

» Provide the required elevation between the top of rail in turnout and the top of rail in
Emplacement Drift for the particular transfer (Rail Car or Gantry).

» Edge of Emplacement Drift Transfer Dock to allow for flush contact with the comresponding
edge of the Transporter or Gantry Carrier.

+ Face of Emplacement Drift Transfer Dock to accommodate any protrusion from Transporter
or Gantry Carrier that would prevent a flush contact between the two.

» Provide a means of aligning, supporting, and maintaining the alignment of the Rail Car and
Gantry rail and the Rail Car unloader guides both before, during, and after the transfer of the
Rail Car or Gantry.

e Provide a means of proving alignment and support before transfer.may proceed.

7.93 Emplacement Transfer Dock Description

The Emplacement Drift Transfer Dock is shown in Figures 7.9.1 through 7.9.5. The dimensions
shown in Figure 7.9.5 are either identified as assumptions in Section 4.3 or as design selections in
the attachments. These dimensions have been selected and used for the Gantry analysis and are also
shown on the figures in that section. The dimensions and their source is as follows:

 The 0.8 m between the inverts (Section 4.3.13) of the turnout and Emplacement Drifts is
shown in the figure. This is a key dimension in the construction of the drifts.

* The 1.0 m dimension from the Emplacement Drift invert to the top of the Gantry rail is from
a previous analysis (Section 4.3.23) (Ref 5.38). '

 The 1.28 m dimension from the top of the turnout rail to the Rail Car rail is from a previous
document (Ref. 5.6), and is a critical dimension used in the Transporter arrangement (sce
Figure 7.2.2).

* The dimensions 1.22 m (top of Gantry rail to tumnout rail) and 1.06 m (top of Rail Car rail
to Emplacement Drift invert) are developed from the preceding dimensions.

For Reusable Rail Car unloading (Figure 7.9,3), the rails and the rigid chain drive guide extend over
the edge of the dock and line up with the respective rails and guides of the Transporter. At the same
time, they are supported on the back edge of the Transporter floor, which is exposed after the
Transporter doors are open. The face of the dock has a pocket for the coupler and allows for a flush
fit of the Transporter floor. The face of the dock is also relieved to allow clearance from the
Transporter door operator motors (Figure 7.9.1).

HADATAUNALS\REFI9700. WPD 30(050997/2:24)
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The Gantry Carrier is the other piece of mobile equipment that uses the Emplacement Drift Transfer
Dock, to load and unload the Emplacement Gantry. As shown in the figure (Figure 7.9.1), there are
rails provided for the Gantry, which are flush with the end of the dock and butt up to the Carrier rails
for loading and unloading (Figure 7.9.4). The third rail for Gantry electrification is not required to
butt up with the respective Carrier third rail since the Gantry has two power contactors, which allow
it to always draw power from one or the other of the rails.

Three major functions of the Emplacement Drift Transfer Dock required to successfully effect the
transfer operations, listed below, have not been evaluated in this analysis:

1. How the alignment of rails and guides shall be accomplished and verified.

2. How the alignment shall be maintained as the load shifts from the Transporter or Carrier in
the loading or unloading operation. '

3. How the release of the Transporter or Carrier from the alignment/supporting device may be
safely controlled. .

The designs of devices or systems to perform these functions will be the subject of further analysis.
7.9.4 Interfaces

Transporter

Gantry Carrier

Drift Emplacement rails

Reusable Rail Car

Gantry

Reusable Rail Car unloader
Emplacement Drift Isolation Doors

7.10 CONTROL

All control systems for the WP Transport and emplacement equipment need to have remote control
capability and interface to a higher area network data acquisition system, such as the main repository
control system. The control systems for the mobile emplacement equipment will be PLC based.
PLC systems are robust microprocessors specifically designed to process large amounts of discrete
input/output (/O). PLCs were originally designed to replace conventional relay-based logic systems.
The advantages of a PLC-based control system are that they are easily programmed, highly reliable,
flexible, small, and relatively inexpensive. It is also possible to design redundant processors in a
PLC control system to improve overall reliability of the process.

The control processor for the Locomotive will also contain a limited arnount of logic and interlocks
required by the WP Transporter and Gantry Carrier. Remote VO card racks will be on the WP
Transporter and Gantry Carrier and will be cable-connected to the control processor in the
Locomotive.

HADATAANALS\REFI9700, WPD.86(050997/2:24)
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The control system for the Emplacement Gantry will also be PLC based. The operator interface for
the Gantry control system will be located out of the Emplacement Drift. The emplacement operators
will monitor the Gantry’s control system actions by either a direct radio or slotted microwave
communication network installed within the Emplacement Drifts. The PLC will control all of the
Gantry’s motor drives, as well as receive information from all of the other instrumentation
monitoring systems. This information will then be transmitted to the operators at the remote
location, allowing for safe, reliable placement of the WP at its final emplacement position.

The control systems for the stationary emplacement equipment, such as Isolation Doors and rail
switches, will also be PLC based. The logic for the mobile and stationary control systems will
incorporate appropriate interfaces for implementing interlocks and safety function as determined by
the Geologic Repository Operation Area (GROA) operating philosophy, personnel, and equipment
protection (Ref. 5.36). '

8. CONCLUSIONS

81 GENERAL

Much of this analysis is based on preliminary information as noted by the TBVs shown in Section
4. If any of these inputs change, the conclusions of this analysis may be impacted.

The conclusions of this analysis confirm that the use of rail based systems for the transportation and
emplacement of the WPs, as stated in a previous analysis (Ref. 5.5), is a suitable concept.
Transportation of each WP will be in a shielded Transporter. WP emplacement will be by means
of an unshielded, remotely controlled Gantry. The conclusions from this design analysis shall be
considered as TBV. Based on the results of this analysis, other more specific conclusions can be
drawn. These conclusions are as follows:

1. This analysis confirms that a Gantry system, with the capability for emplacement and
WP carry-over (Ref. 5.8), will work in an excavated Emplacement Drift of 5.5 m
diameter when utilizing a ground support system with 0.2 m lining. The carry-over
capability provides for sclective emplacement and removal of WPs, if subsequently
required.

2. The following table summarizes the various operating conditions, lift requirements, and

comresponding drift diameters:
Shadow-Shield Carry-Over Lift Required Drift Diameter
In Place Required - (mmm) (m)
Yes Yes 2301 55
No Yes 2226 55
No No 1863 53
Yes No 2301 55

HADATAVANALS\REFIYTOD. WPD.$7(090997/2:24)
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Note: The lift exceeds the 2.0 m maximum drop capacity as indicated in Ref. 4.3.5.

A distance of 0.8 m from the bottom of the tumout excavation to the invert of the
Emplacement Drift excavation was assumed in the analysis to set the elevation of the
Emplacement Drift Transfer Dock. This analysis conﬁrms that the equipment can be
designed to operate with the 0.8 m dxmcnsnon

The Reusable Rail Car will have a total of 8 whecls, each 356 mm (14 in.) in diameter.

One 45-ton Transport Locomotive (340 hp) is required to move the loaded Transporter
up the maximum 0.75% grade of the Emplacement Drift Tumout. The major
contributor to the Locomotive selection in this operating mode is the 20 m curve radius
of the Emplacement Drift Tumout. The Locomotive size could be reduced with an
increase in the curve radius. . To move a loaded Transporter back to the WHB requires
two (2) Transport Locomotives.

The loaded Transporter containing the heaviest WP on a Reusable Rail Car weighs 233
MT.. Atthis weight, the Transporter requires two 4-wheel trucks, each having 762 mm
(30 in.) diameter wheels.

Gantry Carrier wheels will be 762mm (30 in.) in diameter.

Transporter and Gantry Carrier wheels are required to be hardened to 615 Brinell
Hardness to support the loads of the WPs and Gantry.

The Emplacement Gantry can be supported by four bogies, each having two wheels. -
These wheels are 400 mm (15.75 in.) in diameter and must be hardened to 320 Brinell
Hardness.

10. At least one-half of the Gantry traversing wheels must be powered.

STRUCTURAL ANALYSIS

8.2.1 WP Transporter

The WP Transporter was analyzed in Attachment I using materials per Assumption 4.3.18. Only the
Transporter’s roof, side walls, and floor (radial direction elements) were considered as structural
elements to the structure model and they were analyzed using ASTM A36 steel materials. The
stainless steel and borated polyethylene, in addition to the Transporter’s end wall and door sections
(axial direction elements), were considered non-structural and treated as dead load to the structure
model. The WP Transporter was designed to withstand dead, live, wind, seismic, and anticipated
impact forces. Maximum stress, as well as Transporter stability, were evaluated to provide overall
structural integrity to the Transporter. The following major structural components of the WP
Transporter were analyzed in Attachment I:

HADATAVANALS\REFIY700.WPD.53090997/2:2¢)
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A. WP Transporter Side Walls: 152.4 mm (6.0 inches) thick plate.
B. WP Transporter Top (Roof): 152.4 mm (6.0 inches) thick plate.
C. WP Transporter Floor: 152.4 mm (6.0 inches) thick plate._

The analysis showed that the WP Transporter is satisfactory for the operational loading of the
Reusable Rail Car with the six different WPs shown in Sections 4.1.6 and 4.3.11.

8.2.2 Emplacement Gantry

The Emplacement Gantry was analyzed in Attachment 0. Figure II-1 of Attachment II shows the
structural details developed by this analysis for the Gantry. The Emplacement Gantry consists of two
major parts:

1. A Gantry hoist frame with horizontal traveling lifting head trolleys to lift different size
WPs.

2. A Gantry structural frame to lift and transport the hoist frame with lifting head trolleys
and different sizc WPs.

The Emplacement Gantry was designed to withstand dead, live, anticipated impact, inertia, thrust,
out-of-plumb, skewing, racking, collision, and seismic forces. Both maximum stress and fatigue
stress range were considered in the analysis. Member deflections and support displacements, as well
as Gantry stability, were evaluated to provide overall structural integrity to the Gantry.

The Gantry was designed using ASTM A36 steel materials. The following major components of the
Emplacement Gantry were designed in Attachment II:

A. The Lifting Head Trolley Frame: Built-up box and tube sections with 69 MT maximum
WP live load (Figure II-1).

B. The Hoist Frame: Built-up box sections (Figure II-1).
C. The Gantry Structural Frame: Built-up box and channel sections (Figure II-1).

The Emplacement Gantry, as analyzed, is satisfactory for the operational loading of six different
WPs shown in Sections 4.1.6 and 4.3.11.

8.2.3 Structural Considerations for other Major Equipment

Equipment listed in this section includes the Gantry Carrier, the Reusable Rail Car, the Transport
Locomotives and the Drift Isolation Doors. For this equipment no structural analysis has been
performed at this time. The sizing of various components and the selection of configurations is
based on engineering judgement as it relates to the numerous design input criteria. All of these
items will require a structural evaluation during future design activities.

HADATAVANALS\REFT9700. WPD.IX050997/2:24)
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83 RECOMMENDATIONS

Based on the preceding conclusions, the recommended rail transportation and Gantry emplacement
system will use a *45-ton-capacity Transport Locomotive, a WP Transporter with a Reusable Rail
Car having a capacity of 69 MT, an Emplacement Gantry with total lifting height capability of 2226
mm and a load capacity of 69 MT, with a 5.5 m Emplacement Drift diameter (excavated). The
mechanical and structural analysis of this system have shown that it is feasible; however, additional
future design activities are recommended to evaluate and refine the following component
requirements:

Refine structural design of WP Transporter.
Refine structural design of Emplacement Gantry.
Structural design of the Gantry Carrier. '
Structural design of the Reusable Rail Car.
Transporter door locking device and control device. .
Reusable Rail Car:
1. Restraint device on WP Transporter.
2. Mechanism for positive connection and release of engagement.
*  Emplacement Gantry:
1. Auxiliary braking and rail clamping.
2. WP support during traversing operation.
3. Handling of a radiologically contaminated Emplacement Gantry.
»  Final Locomotive selection and specification.
»  Emplacement Drift Isolation Doors design.
«  Emplacement Drift Transfer Dock supporting and aligning devices for WP Transporter
and Gantry Carrier.
=  Evaluate alternative design solutions to avoid movement of a loaded WP transporter
with open doors at the emplacement drift entrance or in the WHB.
o Issues that will be addessed during subsequent design analysis work, but prior to VA.:
‘- Emplacement Throughput,
- Service Life,
- Emplacement Cycles,
- Emplacement Tolerances,
- Waste Package Handling and Transportation Loads.

84  VERIFICATION OF DESIGN BASIS INITIAL SELECTIONS

Initial design selections identified in Attachments I through IX were verified in those attachments.
The following sections summarize the design selections.

*Two (2) Transport Locomotives in the North Ramp and Mains and one (1) Transport
Locomotive at the Emplacement Drift entrance.

HADATANALS\REFIF700.WPD.9X091197/2:1T)
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8.4.1

84.2

843

Track and Drift Layout

1.

6.

A 20 m radius for the Drift Tumout is compatible with:

» A Transporter with two trucks, each having two axles and four 762 mm (30 in.)
diameter wheels. .

» A Gantry Carrier with two trucks, each having two axles and four 762 mm (30 in.)
diameter wheels.

¢ A two-axle Locomotive having four 762 mm (30 in.) diameter wheels with axles on
2540 mm (100 in.) centers.

A 2.580 m track gage is compatible with the Emplacement Gantry.

A 1.44 m track gage is compatible with the WP Transporter, the Gantry Carrier, and the
Reusable Rail Car,

A 44.6 kg/m (90 Ib/yd) ASCE rail in the Emplacement Drift is compatible with the
Reusable Rail Car and the Gantry.

A 57 kg/m (115 1b/yd) AREA rail is compatible with the Transporter, the Gantry
Carrier, and the Transport Locomotive(s).

A Brinell Hardness of 320 for all rail is required for this analysis.

Dimensional Relationships

L.

A distance of 1.32 m from the center line of the largest diameter (2.0 m) WP on the
Reusable Rail Car to the top of the rail is required for this analysis.

2. A distance of 1.28 m from the top of the rail (T .O.R.j in the Transporter and the
Transfer Dock to top rail in the Drift Turnout is required for this analysis.

3. Adistance of 1.22 m from the top of the Gantry rail on Gantry Carrier to top of the rail
in the Drift Turnout is required for this analysis.

4. The assumed distance of 0.8 m (Ref. 4.3.14) from the bottom of the Drift Turnout
excavation to the invert of the Emplacement Drift excavation is compatible with this
analysis.

Grade Relationships

1.

The existing grade of -2.1486% (Design Parameter 4.1.1) in the North Ramp is
compatible with the WP transport equipment as sized and selected.

HADATAWNALS\REFI9700.WPD.9(09119772:17)
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2.

_The existing grade of -1.35 percent in the East Main, and the designed maximum grade
of -1.394% in the West Main, is compatible with the WP transport equipment as sized
and selected.

A maximum grade of -1.0 percent in the Emplacement Drifts is compatible with
Emplacement Gantry operations.

8.44 Waste Package Configuration, Dimensions, and Weights

1.

2.

A maximum WP weight of 69 MT is compatible with the requirements of this analysis.
A maximum WP diameter of 2.0 m is compatible with the requirements of this analysis.

A maximum WP length of 5850 mm is compatible with the requirements of this
analysis.

WP skirts having a length of 225 mm at both ends of the WPs are compatible with the
lifting requirements of this analysis.

8.4.5 Waste Package Emplacement

1.

An excavated drift diameter of 5.5 m, with the ground support system in place, is
compatible with the requirements for a Gantry to lift a 2.0 m diameter WP over another

2.0 m diameter WP, resting on pedestals in the Emplacement Drift, with or without an
installed shadow shield.

An excavated drift diameter of 5.3 m, with the ground support system in place is
required for a Gantry without carry-over capability and without an installed shadow
shield, to emplace a 2.0 m diameter WP onto pedestals in the Emplacement Drift.

The assumption (4.3.30) that the gantry must be able to place WPs as close as one meter
apart (end-to-end) is not currently met with all WP configurations. Further design work
is needed to comply with this assumption.

8.4.6 Emplacement Equipment

1.

2.

A travel speed of 8 km/hr (Smph) in the North Ramp and Mains is compatible for WP
transport..

A wheel diameter of 762 mm (30 in.) for the WP Transporter truck wheels is compatible
with this analysis.

A Reusable Rail Car having 4 axles and 8 wheels is compatible with the loads from the
heaviest WP.
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84.7

8.4.8

4. A Reusable Rail Car wheel d:ametcr of 356 mm (14 in.) is compatible with the loads
from the heaviest WP.

5. AReusable Rail Car unloading speed of 7.6 m/min (25 ft/min) is compatible with the
requirements of this analysis.

6. A Gantry length of approximately 12 m is compatible with this analysis.
7. A Gantry speed of 0.73 m/sec (144 ft/min) is compatible with this analysis.
8. A Gantry supported by 8 wheels is compatible with this analysis.

9. A Gantry wheel diameter of 400 mm (15.75 in.) is compatible with the requirements of
this analysis.

10. A Brinell Hardness of 320 for all equipment wheels is compatible with the requirements
of this analysis except 615 for Transporter wheels.

Intermediate Diameter Waste Packages

The concept depicted in this analysis is valid (i.e.; clears the shadow shield and provides
carry-over capability) for the largest diameter WP and the smallest diameter WP considered
(see Section 4 Design Inputs). However, additional design effort is needed to be able to
accommodate all intermediate WP diameters. In particular, the lifting block configuration
will need design revisions so that it can engage the full range of WP diameters and provide
sufficient lifting height to clear the shadow shield and provide carry-over capability.
Accommodation of intermediate WP diameters can be provided by changing the lifting block
configuration to provide more engagement surfaces andlor by providing interchangeable
lifting blocks.

‘Waste packages sizes are not yet well defined, and a recent change in the CDA has led to not
only changes in the diameters and lengths, but also to the specification of size ranges as
opposed to definitive dimensions for each package type. It is anticipated that this analysis
will be re-visited when waste package sizes are better defined.

Impact of most recent CDA changes regarding the Equipment Design Concept.

Just prior to completion of this analysis several design inputs were changed (Ref. 4.1.6 and
Ref. 4.3.11), these include the following dimensions:

1. Loaded Mass of the heaviest WP changed from 69,000 kg, to 70,000 kg. (Ref. 4.3.11,
Note 3). The increase from 69,000 kg and 70,000 kg equals 1.4 % of loaded mass.

2. Outer Diameter of smallest WP changed from 1.298 m, to 1.250 m. (Ref. 4.1.6, Note
2). The decrease from 1.298 m to 1.250 m equals 3.7 % in diameter.

3. Outer Length of longest WP changed from 5.85 m, to 5.900 m. (Ref. 4.3.11, Note 2).
The increase from 5.85 m to 5.900 m equals less than 1 % in length.

HADATAWNALIREFIIT00. WPD.IX0R1697/12:41)
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The changes as indicated above will not invalidate the basic design concept in the foregoing
conclusions.

9. ATTACHMENTS
Attach- '

ment: Pages: Description:
L 45 Waste Package Transporter Structural Analysis
Note: STAAD-II Analysis and Stability Analysis portions of this
attachment, comprising paragraph/pages I-39 through I-235, for REV

00B, are located in Ref. 5.53, in electronic media form. These can be
located in RPC under Batch # MOY-970806-05

oL 78 Emplacement Gantry Structural Analysis
Note: STAAD-III Analysis and Stability Analysis portions of this
attachment, comprising paragraph/pages II-68 through II-804, for REV

00B, are located in Ref. 5.54, in electronic media form. These can be
located in RPC under Batch # MOY-970806-05

21 Waste Package Transporter - Mechanical Equipment Selections

18 Reusable Rail Car - Mechanical Equipment Selections

17 Gantry Loads and Equipment Selections

17 Gantry Carrier Weight and Wheel Selection

14 Transport Locomotive - Equipment Selection

Transporter/Gantry Carrier Truck Arrangement and Weight Analysis
7 Transporter Couplcf Vendor Information and Weight

11 Serapid Rigid Chain Information

4 Goodman Locomotive Information

Hrw RES & <« 28

50 Vendor Data, Various
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ATTACHMENT I

WASTE PACKAGE TRANSPORTER STRUCTURAL ANALYSIS

NOTE: A requirement for, this analysis is that quantities be

U UNSWPTRANS RPTATT-L | {08347

represented in Metric units. Quantities and values derived
in the main body of this analysis are presented in this
manner. In the case of values carried into the main body
of the analysis from the attachmeant:s, however, the
information used as source material (such as vendor
equipment data or standard structural steel members) are
available typically only in English units. Because of this,
generally all calculations and derivations are performed in
English units within the attachments, with the final results
converted to Metric units in the main body of the analysis
(Sections 7 and 8). In such cases the value is represented
in the main body of the analysis first in Metric units
followed in parentheses ( ) by the corresponding English
units.



[

[

-

e

P

-

[

ATTACHMENT I
Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design Page: I-2 of 145
TABLE OF CONTENTS
1.0 PRINCIPALLOADS ......... ettt tee e reeeae et eaaan I-3
20  EXTRAORDINARY LOADS - ... rneneenseeeeee e eeeee e, 14
30  LOAD COMBINATION .....uutneinneennernneenneennneinneeneeaneenn, 15
40  ALLOWABLE STRESSES ...uuv'veiensreenerennnn, i, I-6
50  TRANSPORTER STABILITY .......oonrnenesssieesneneneneeeeneeaannns, 1.7
T )59 (€)58 Y11 v (0) o1 S 1-7
R V-V o8 11§ Y (0)5) -1 S I-8
80  WINDLOAD ANALYSIS . .....uuiiiiinnrernnnernnnrereneensonernnnnes I-15
90 STAAD-IIMODELLOADDIAGRAMS . ....ovvniiiiiennniininneennnn.. I-18
100 STABILITY ANALYSIS . ... tiuiiiiiiietirriennnrernneeennaeesnnnnn. 1-39

NOTE: STAAD-II Analysis and Stability Analysis portions of this attachment,

comprising pages I-39 through I-45, are located in Reference 5.53, Batch
No. MOY-970806-05, in electronic media form.
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1.0

WASTE PACKAGE TRANSPORTER STRUCTURAL ANALYSIS

PRINCIPAL LOADS

Since this design analysis is for the purpose of viability assessment only, the structural
analysis for the Waste Package Transporter will consider only those major loadings
considered to most significantly effect the design.

Estimated Total Loaded Weight of Transporter = 233.15 MT (514.09 kips)
(Attachment I, Section 10.0, Part 3.) (includes WP and Reusable Rail Car)

1.1  Dead Load (DL) (CMAA 70, Section 3.3.2.1.1.1, Ref, 4.4.5) '
The weights of all effective parts of the transporter structure, the machinery parts and
the fixed equipment supported by the structure.
Rigid Chain Gear Motor = 320 kg (0.71 kips) (Attachment II, Section 3.3.9)
Rigid Chain Drive (Ea.) = 240 kg (0.53 kips) (Attachment III, Section 3.3.6)
Rigid Chain Magazine (Ea.) = 630 kg (1.39 kips) (Attachment III, Section
3.3.11) -
" Rigid Chain Guide (Ea.) = 43 kg/M (0.03 kips/ft) (Attachment III, Section
3.3.6)
Truck (Ea.) = 4,989 kg (11.0 kips) (Attachment VIII, Section 2.1)
Coupler (Ea.) = 79.4 kg (0.175 kips) (Attachment IX, Section 2.0)
Rail = 44.64 kg/m (90 1b/yd) = 30 Ib/ft (Section 4.3.25)
Door Operator Gear Motor = 200 kg (0.44 kips) (Attachment III, Section
3.2.5)
Rigid Chain Drive Removable Shield = 6.4 kips (estimated)
Waste Package Transporter Material Weights (Section 4.3.18)
Floor, Sides and Top (Radial Direction)
Stainless Steel = Smm (0.20 inches) = 8.14 psf, round to
8.2 psf
Borated Polyethylene = 101.6 mm (4.0 inches) = 19.14 psf,
round to 19.2 psf )
Carbon Steel = 152.4 mm (6.0 inches) = 244.47 psf, round to
244.5 psf
Stainless Steel = 5 mm (0.20 inches) = 8.14 psf, round to
8.2 psf
End Sections (Axial Direction)
' Stainless Steel = 5 mm (0.20 inches) = 8.14 psf, round to
8.2 psf
Borated Polyethylene = 76.2 mm (3.0 inches) = 14.4 psf
Carbon Steel = 177.8 mm (7.0 inches) = 285.2 psf
Stainless Steel = 5§ mm (0.20 inches) = 8.14 psf, round to
8.2 psf

U USNAWPTRANS RFTUTTL ) 006
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12  Live Load (LL) (CMAA 70, Section 3.3.2.1.1.3, Ref. 4.4.5)

Empty Weight Reusable Rail Car = 11.0 MT (24.3 kips) (Attachment IV,
Section 3.1.7)
Waste Packages (WP) to be Transported (Section 4.3.10):
Diameter Length WP Loaded Mass
WP Type (mm) (mm) (kg)
4 DHLW 1785 3790 30,511
12 PWR UCF 1298 5335 32,236
44 BWR UCF 1604 5335 - 46,424
21 PWR UCF 1650 - 533§ 50,423
— 1970(77.6in) 5350 (210.6in.) 69,000 (152.2 kips)
— 1850 5850 69,000
1.3 Dead and Live Load Impact (Vertical Inertia Forces, CMAA 70, Section 3.3.2.1.1.4,

Ref. 44.5)

Vertical Inertia Forces include those due to the motion of the transporter, and are
included by the application of a separate factor by which the vertical acting loads are
multiplied. )

13.1 Dead Load Factor (DLF) (CMAA 70, Section 3.3.2.1.1.4.1, Ref. 4.4.5)

Transporter travel speed = 8 km/hr = 437 f/min. (Ref. 5.6)
Use DLF=1.2

1.3.2 LiveLoad Impact Factor (HLF) (Whiting Crane Handbook, Ref. 5.18, pg. 57)

Class “E” Crane, Impact = 50%, is highest class indicated.

Transporter of equivalent service Class “F” crane is reasonable because
transporter performs critical tasks and must provide highest
reliability.

Use HFL = 0.50

20 EXTRAORDINARY LOADS

2.1

22

Stored Wind Load (WLS) (CMAA 70, Section 3.3.2.1.3.1, Ref. 4.4.5 and ASCE
7-88, Ref. 4.4.7) - See Wind Load Analysis, Attachment I, Section 8.0
Use WLS = 23 psf

Seismic (EQF) (Section 4.3.20)
Horizontal and Vertical Acceleration = 0.27 g (Ref. 5.9, pg. 13)

U UNAWFTRANS RPFTATTL 4 (H264T)
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23  Impact Loads (AAR M-1001, Vol. 1, Ref. 4.4.8)

23.1 Horizontal Impact Force (HIF) (AAR M-1001 Vol. 1, Section 4.1.10.1)
Coupler Force = 1,250,000 Ibs applied to one end of the car
Use HIF = 1,250,000 Ibs

23.2 Vertical Dynamic Ampliﬁcatio'n Factor (AAR M-1001 Vol. 1, Section
4.1.11L.1) :

=14 MH
a=1+ 5
where: a = amplification factor
b = distance between truck centers in feet = 3.66 m (12.0 &)
h = vertical distance, centerline of coupler to maximum center of
gravity height in feet = 1.55 m (5.08 ft)

Note: Distance T.0.R. to car center of gravity = 92" (Attachment I-
Section 10.0, Part 3)
Distance T.0.R to centerline coupler = 0,79 m (31") (Fig. 7.2.2)
h=61"(5.08 f)

W = rail load limit less weight of trucks in pounds =
233.15MT - %%‘;‘d—i—;}r 223.17 MT (492,090 Ib)
H = horizontal impact force (HIF) in pounds 1,250,000 Ib

Amplification Factor,a= 3.2

LOAD COMBINATION
The combined stresses shall bclc_:alculated for the following design cases:

3.1  Load Combination 1: Transporter in regular use under principal loading; Stress
Level 1 (CMAA 70, Section 3.3.2.4, Ref. 4.4.5)
DL(DLF) + LL(1+HLF)
Note: TL (DLF) and IFD not applicable to this analysxs

3.2 Load Combination 3: Extra.ordinary Loads; Stress Level 3 (CMAA 70, Section
3.3.24, Ref. 44.5)

3.2.1 Transporter subjected to stored wind loading
DL +LL + WLS"

VUNAVITRANS RPTATTL J (083647)
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3.22 Transporter subjected to seismic force
DL +LL +EQF

3.3  Load Combination 4: Critical Load Condition; Stress Level 4 (AAR M-1001 Vol. 1,
" Section 4.2.2.6, Ref. 4.4.8)

Transporter subjectcd to critical impact loads

a(DL +LL) + 1.0 (HIF)

40 ALLOWABLE STRESSES
4.1 Maximum Allowable Stresses in Structural Steel Members

CMAA 70, Section 2.7, Ref. 4.4.5: Consider transporter to be of equivalent
crane Service Class “F" because:

o Performs critical tasks

* Must provide highest reliability

CMAA 70, Tables 3.4.7-1 and 3.4.7-2A, Ref. 44.5
Service Class “F”
Joint Category B; allpwable fatigue stress range =17.0ksi
Note: Joint Category B is selected because
transporter is principally a built-up box
section (CMAA 70, Table 3.4.7-2A)
Plus Approximate Transporter Dead Load Stress (to be
verified by this analysis)
Use Total Allowable Stress

LOksi
18.0 ksi

AISC, M016-89 (F1-1 & F3-1) pg. 5-45 & 5-48 (Ref. 4.4.1); F, = 0.66 Fy
For STAAD analysis, limit the allowable stress range for fatigue by reducing

Fy for ASTM A-36 steel:
Use reduced Fy =2t =809 =273 ksj, ASTM A-36 steel

42 Allowable Stress Level

Load Combination 1, Stress Increase =To = 1.0; 0% stress increase (CMAA
70, Section 3.4, Ref. 4.4.5)

Load Combination 3, Stress Increase 233 = 1.25; 25% stress increase

(CMAA 70, Section 3.4, Ref. 44.5) .

U UNRWPTRANS RPTATT ¢ (082647
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Note: The allowable stress increase for Load Combination 3 is a percentage
increase above the allowable combined stress level under principal
loading, Stress Level 1, Load Combination 1.

Load Combination 4, Stress Increase =.(% (% = 2.20; 220% stress

increase (AAR M-1001 Vol. 1, Section 4.2.2.6, Ref. 4.4.8)

Note: The factor of (o%o) increases the allowable stress from normal
bending stress of 0.60 Fy to the Reduced Fy for STAAD analysis of
27.3 ksi for ASTM A-36 steel. The factor of(.;:_g) increases the
allowable stress from Reduced Fy for STAAD analysis of 27.3 ksi to
ultimate load-carrying capacity of 36 ksi for ASTM A-36 steel.

5.0 TRANSPORTER STABILITY
5.1  Stability (ASME NOG-1-1995, Section NOG-4457, Ref. 4.4.2)
The transporter stability safety factors against overtuning of NOG-4457
when subjected to the load combinations for normal and extreme
environmental loads (ASME NOG1-1995, Section NOG-4140) arc by
inspection comparable and appropriate for use with the CMAA 70, Section
3.3.2.4, Ref. 4.4.5, load combinations.

Normal Operating Condition )
Overturning Safety Factor > 1.5 (Load Combination Case #1)

Extraordinary (Extreme Ehvironmemal) Loading Condition
Overturning Safety Factor > 1.1 (Load Combination Case #3)

5.2  Vertical Center of Gravity (AAR M-1001, Vol. 1, Section 2.1.3, Ref. 4.4.8)
Height of center of gravity of fully loaded car ('mcludi‘ng weight of trucks)
shall not exceed 98 inches above top of rail.

6.0 DESIGN METHODS
The Waste Package Transporter will be designed using static load analysis. STAAD-III

computer software will be used to perform the stress analysis for the transporter structural
frame. STAAD-III facilities for steel design will be based on the AISC-ASD code.

VVUNAWPTRANS RITUTTS ? 0C447)
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70 STAAD-ITT MODEL

STAAD-III model diagrams indicate model configurations with model members and joints
identified. The basis for the computer model is shown in Figures 7.2.1, 7.2.2,7.2.3, 7.2.4,
7.2.5,7.2.6,7.2.7,7.3.1,7.3.2,7.3.3, and 7.3.4.
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8.0 WIND LOAD ANALYSIS
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9.0 STAAD-II MODEL LOAD DIAGRAMS

STAAD-III model load diagrams indicate model configuration with applicable model
members and joints identified.

U ONRWPTRANS APNATT- 10 (00441 1-13
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STABILITY ANALYSIS:

1. Wind loading (transverse ) on Transporter without Waste Package and Rail Car :

A. Overruming sifcty factor at top of truck:
Dimension of transporter:

LengthL= 737 M ( 2906 Inch), figure7.2.3
Height H= 3.09 M ( 12165 inch), - figurel-1

Wind velocity pressure P =23.0 psf ( Attachment I, Section 8.0)
Overturning force F = P XL XH

23.0psf X 290.16" X 121.65" /144= 5637.87 LB= 564 Kips

Overtum moment at top of truck.
Distance from bortom transporter to top truck = 0.280 M (11.0%), FigureI- 1. °
Distance from center of transporter to top of truck = 3.09/2+0.28 =1.825 M (5.99)

Overrumn mom. Mot=F Xarm= 5.64k X 71.85" /12= 33.77 k-t

Resisting moment at top of truck

Transpor self-weight

Support reaction from STAAD ITI output file * transpor * Zef 5.53)
Support joint 201 Support joint 202

load case |  Load case2 loadcase 1 Losdcase2  total

175.76k + (-10.64)k + 11883k <+ 31,64k = 31559 k

Center to center truck side bearing B = 1.27TM (4.17)  FigureI-1
Resistance mom. Mr=WXBR= 31559k X 50" /i122= 65748 k-ft

Safety factor=Mr/Mot= 65748 / 33.78 = 1946 >11 OK

U UNAWPTRANS RPTATT-IRLK )
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Transport and Emplacement Equipment Design ‘Page: [-41 of I- 45

B. Overturning safety factor at top of rails:
Distance from center of transporter to top of rails, FigureI-1.

Moment arm = 3.09 /2 +0.98 =2.525 M (8.28")

Overtumn mom. Mot=F Xarm= 564k X 99.41" /12= 46.72 k-ft
Resisting moment at top of rails

Rail gage Bl = {.44 m (4.72"), Figure I - 1.

Resistance mom. Mr= W X B1/2= 31559k X 56.7" /(2X12) = 74558 k-ft

Safety factor=Mr/Mot= 74558 / 4672 = 1596 >1.1 OK

C. Overtuming of wind loading in longitudinal direction fo transporter by inspection is OK

because longitudinal support (spacing of trucks) is larger than transverse support (space between

rails) and because longitudinal wind loading is only approximatety 40% of transverse wind load |
( width / legth of transporter 2.94 M/ 7.37M).

U UONAWPTRANS RPTATT-IBLK ¢
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Transport and Emplacement Equipment Design

2. Seismic léuﬁng (transverse) on transporter with Waste Package and Rail Car,

A. Overtuming safety factor at top of truck:

Distance from transparter gravity center to tep of truck = 1.666 M (5.47),

(Figure I - 1, From STAAD I analysis ).

Distance from W P center to top of truck =1.89 M (6.2, Figure I - 1.

An upper bounding for Rail car cener of gravity of 1.098 M (3.60 ft) above top of

truck is conservative and reasonable for this analysis, Figure I - 1.

Items Weight (k)

ground Acc. Height(ff) = Mot (k- ft)

Transporter 315.59k X 027 X 656" /12= 46581

WP 152.2k

X - 027 X 744" /12= 254.78

Rail Car 243k X 027 X 432" /12= 23.62

Resisting moment from top of truck.

B=127M(4.17).

Transporter 31850k X SO

WP 1522k X S0
Rail Car "243k X so0°
M,

Mot = 74421

Figure [ - 1

(12X2)= 65748 ket
(12X2)= 317.08 kft
(12X2)= 5063 kit

- 1025.19 k-t

Safety fator=Mr/Mot= 1025.19

/I 74421 = 138 >lL1 OK

UUSAVPTRANS RPTATT-IRLK S
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Transport and Emplacement Equipment Design

B. Overturing safcty factor at top of rails:

Distance from transporter gravity center 10 top of rail = 2.366 M (7.67"), Figure I - 1.

Distance from Waste Package center 1o top of rail = 2.59 M (8.50"), Figure I - 1.

Distance from rail car gravity center 1o top of rail =1.798 M (5.9"), Figure I - 1.

Items Weight (k)

Transporter 315.59 X 027
WP 1522 X 027
Rail Car 243 X 027
Resistance moment from top of rail.

ground Acc. Height () = Mot(Ib-ft)

X 932" /12= 661.79

X 1020" /12= 34930

X 708" /12= 3871
M ot = 1049.80

Center of center of rail B = 1.44'M (4.72"), Figure- 1.

Transporter “ 31559 X  56.7°
WP 1522 X S6.7
Rail Car 243 X 567"

Nn2= 74558
na2=359.57
nan= 5141
M, = 116256 kft

Safety factor=Mr/Mot= 1162.56

/ 1049.80 = 111 >11 OK

C. Longitudinal seismic load on transporter by inspection is OK because longitudinal supports

(truck spacing) is larger than transverse supports (space between rails).

UUNRWPTRANS RPTWATT-IBLK S
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3. Ventcal center of gravity above top of rail:

Moment above top of rail:

An upper bounding for Truck center of gravity of 0.7 M (2.3") above top of rail is conservative

and reasonable for this analysis, Figure [ - 1.

Items

Transporter
WP

Rail Car
Truck
total =
distance =

Weight (k)

.315.59
1522
24.3
220

514.09 (23316 MT)

3938.75

Height (in) =M (k-ft)
Figure[- 1
X 9327 /12=  2451.08
X 1020 /12= 1293.70
X 708" 2= 14337
X 276" /12= 50.60
3938.75

! 51409 = 7.66

ft

Graviry of center is 7.66 X 12 =92." from top of raii < 98" ( Attachment I, section 5.2 ) is OK

V USMAWPTIANS RITUATT- 180X ?
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Title: Preliminary Waste Package
Transport and Emplacement Equipment Design

. ATTACHMENT I
DI: BCA000000-01717-0200-00012 REV 00
Page: II-1 of II-78

ATTACHMENTII |

EMPLACEMENT GANTRY SfRUCTURAL ANALYSIS

NOTE:

U UMNAWPTRAMS RPTUTT-OL| (982497710 03)

A requirement for this analysis is that quantities be
represented in Metric units. Quantities and values derived
in the main body of this analysis are presented in this
manner. In the case of values carried into the main body
of the analysis from the attachments, however, the
information used as source material (such as vendor
equipment data or standard structural steel members) are
available typically only in English units. Because of this,
generally all calculations and derivations are performed in
English units within the attachments, with the final results
converted to Metric units in the main body of the analysis
(Sections 7 and 8). In such cases the value is represented
in the main body of the analysis first in Metric units
followed in parentheses ( ) by the corresponding English
units.
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TABLE OF CONTENTS
l..O PRINCIPAL LOADS .. ... iiiitttiiieerorneseenoessoncatsassssersnsonse II-3
20 ADDITIONAL LOADS ... ittt iiiietetttaeieenrseenesstrnasnaneannas -6
30 . EXTRAORDINARY LOADS ... .. citiittiernneerrenernonssnassonassaneaa -7
40 1LOAD COMBINATIQN; CMAA 70, Section 3.3.2.4,Ref. 445 ................ -8
50 ALLOWABLESTRESSES ... .cuuittiiirieianerresesstaessssencaannnens -8
6.0 ALLOWABLEDISPLACEMENTS .....0iiiiiirireennnnseesnrerosncnaness -9
7.0 GANTRY STABILITY (ASME NOG-1-1995, Section NOG4457, Ref. 44.2)....11-10
8O MATERIALS .....uuvitretteninienantenenseneenannaneaneneneanannnns II-10
9.0 DESIGNMETHODS .. .. ... iiiiiieiiertieroasenntacensornnesscssssnns 0-10
100 STAAD-IMODEL ............ ittt ereeeeteneteteianrerer s aaaaaes o-11
11,0 WASTE PACKAGE SIZE/LOAD COMPARATIVE ANALYSIS ............ | ... 023
120 STAAD-II MODEL LOAlj DIAGRAMS ...ttt iiiieiriinanaees 45 -
130 STABILITY ANALYSIS ...................... e, 168

NOTE: STAAD-HI Analysis and Stability Analysis portions of this attachment, comprising

pages II-68 through II-804, are located in Reference 5.54, Batch No. MOY-970806-
05, in electronic media form. ‘
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Transport and Emplacement Equipment Design L Page: I1-3 of II-78

EMPLACEMENT GANTRY STRUCTURAL ANALYSIS

Since this design analysis is for the purpose of viability assessment only, the structural analysis for
the Emplacement Gantry will consider only those major loadings considered to most significantly
effect the design.

1.0 PRINCIPAL LOADS

1.1  Dead Load (DL) (CMAA 70, Section 3.3.2.1.1.1, Ref. 4.4.5)

The weights of all effective parts of the gantry structure, the machinery parts and the

fixed equipment supported by the structure. -
Lifting Head Trolley Drive (Ea.) = 100 1b (Attachment V - Section 3.6)
Lifting Head Trolley Screw (Ea.) =30 PLF (Attachment V - Section 3.5)
Hoist Frame Drive (Ea.) = 800 Ib (Attachment V - Section 3.4)
Hoist Frame Screw (Ea.) =430 1b (Attachment V - Section 3.3)
Gantry Bogie Wheel and Bearing Housing (Ea.) = 340 lb (estimated)
Gantry Bogie Wheel Drive Motor (Ea.) =400 Ib (Attachment V - Section 3.2)
Electrical Cabinet - Shielded (Ea.) = 6.2 kips. Estimated weight based on 2"

thick A36 steel (Section 4.3.32)

Estimated Total Self-Weight of Gantry =45 MT = 99.2 kips (verified by this
analysis)

1.2 Trolley Load (TL) (CMAA 70, Section 3.3.2.1.1.2, Ref. 44.5)
The weight of the trolley and the equipment attached to the trolley.
Lifting Head (Ea.) = 1000 1b. (estimated for this analysis)
Trolley (Ea.) = as determined by this analysis

13 Lifted Load (LL) (CMAA 70, Section 3.3.2.1.1.3, Ref. 4.4.5)
The lifted load consists of the working load (waste packages to be lifted) and the
weight of the lifting devices (developed in this analysis) used for handling and

holding the working load: '
~ Waste Packages to be Lifted (Section 4.3.10):
Diameter Length WP Loaded Mass

WPType - (mm  (mm (ke)

4 DHLW 1785 3790 30,511
12 PWR UCF 1298 5335 32,236
44 BWR UCF - 1604 5335 46,424
21 PWR UCF 1650 5335 50,423

- ©1970(77.6in) 5350(210.6in.) 69,000 (152.2 kips)

- 1850 5850 69,000

UISAWPTRANS RFTATTE ) (062497/1043)
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1.4

1'5

NOTE: Lifted load shall include weights of waste packagc hoist frame, and
trolley for design of gantry structural frame.

Dead and Live Load Impact (Vertical Inertia Forces, CMAA 70 Section 3.3.2.1.1.4,
Ref. 4.4.5)

Vertical Inertia Forces include those due to the motion of the cranes or crane
components and those due to lifting or lowering of the hoist load. These additional
loadings are included by the application of a separate factor for the dead load (DLF)
and for the hoist load (HLF) by which the vertical acting loads are multiplied.

1.4.1 ‘Dead Load Factor (DLF) (CMAA 70, Section 3.3.2.1.1.4.1, Ref. 4.4.5)
This factor covers only the dead loads of the crane, trolley and its associated
equiprnent.

Gantry travel speed = 144 ft/min. (Attachment V - Section 3.2C)
Use DLF = 1.1

1.4.2 Hoist Live Load Factor (HLF) (CMAA 70, Section 3.3.2.1.1.4.2, Ref. 4.4.5)
This factor applies to the motion of the rated load in the vertical direction,
and covers inertia forces, the mass forces due to the sudden lifting of the hoist
load, and the uncertainties in allowing for other influences.

HLF = 15% < .005 X hoist speed (ft/min) X 100 < 50%
Hoisting Speed =0.74 m/min. = 2.43 f/min. (V - Section 3.0)
0.005 X 2.43 f/min. X 100 = 1.2% < Bucket Crane Impact = 50%

In comparison:
Whiting Crane Handbook (Ref. 5.18) pg. 57, Class “E» Crane,
Impact = 50%

Use HLF = 0.50

Tractive Inertia Forces from Drives (IFD) (CMAA 70, Section 3.3.2.1.1.5, Ref.
44.5)
The inertia forces occur during acceleration or deceleration of gantry motions. The
horizontal load (longitudinal to the gantry runway) due to acceleration or deceleration
shall be a percentage of the vertical load and shall be considered as 7.8 times the
acceleration or deceleration rate (FT/SEC?) but not less than 2.5 percent of the
vertical (live and dead) load.
Gantry acceleration/deceleration rate = 1.0 ft/sec? (V - Section 3.0)
Tractive Force percentage of vertical load (IFD) = 7.8 (1.0 ft/sec?) = 7.8% >
2.5%

IFD = 7.8% x {full crane dead load and lifted Ioad]
Use IFD = 7.8% (99.2 + 152.2) = 19.6 kips

U O%AWPTILANS RFT\ATTIL 4 (92149771003
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1.6  Crane Side Thrust Forces

1.6.1

1.6.2

Force Longitudinal to Gantry Runway (LTF)
Horizontal thrust occurs during loading operation when gantry is not
positioned directly over the waste package to be lifted. This force is limited
to sliding resistance of either the waste package or gantry, whichever is less.
Coefficient of Friction Steel on Steel = 0.25 (PCI, pg. 6-18, Ref. 5.19)
Longitudinal Thrust Force (LTF) = coefficient friction X gantry weight
Use LTF = 0.25 (99.2 kips) = 24.8 kips (maximum)

Force Normal to Gantry Runway (NTF)

AISE Technical Report #13 Section 3.4.1 Table 1, Ref. 5.49. Since the lifted

load cannot swing, consider gantry similar to ladle crane:
NTF = 40% of lifted load

Note: Lifted load shall include weight of waste package, hoist frame and
trolleys. (The weight of hoist frame and trolleys = approximately 25%
gantry weight) (verified by this analysis)
Use NTF =40% [152.2 +25% (99.2)] = 70.8 kips

-

1.7 Out-of-Plumb Forces (OPF) - Longitudinal/Transverse
The static horizontal gravity component due to the out-of-plumb gantry condition
shall be applied to all gantry dead and live loads.

1.7.1

1.7.2

Longitudinal to Gantry Runway (OPFL)
Maximum Grade Emplacement Drift = 0.75% (Scctxon 4.3.8)

Rail Installation ’I’olcrance Maximum Vertical Rate of Change = %" in 20
ft=0.10% (CMAA 70 Table 1.4.2-1, Ref, 4.4.5)

Additional Tunnel Construction Tolerance Differential = 1" in 20 ft =
0.42%
Total Longitudinal Out-of-Plumb =0.75 + 0.10 + 0.42 = 1.27%
Longitudinal Out-of-Plumb (OPF) = 1.27% x [full crane dead load

and lifted load]

Use OPF-Longitudinal = 1.27% (99.2 + 152.2) = 3.2 kips

Transverse to Gantry Runway OPFT

Rail Installation Tolerance Rail to Rail = 3/16" (CMAA 70 Table 1.4.2-1,
Ref. 44.5)

Additional Tunnel Construction Tolerance Differential = 1"
Total Transverse Out-of-Plumb = 1 3/16™ in 104.17" (2.646 m) =

1.14%

Transverse OPF = 1.14% X [full crane dead load and lifted load])
Use OPF-Transverse = 1.14% (99.2 + 152.2) = 2.9 kips

UVUNKRVPTRUANS RPTATT-R § (082477716 93)
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2.0 ADDITIONAL LOADS

2.1

22

23

24

Forces Due to Skewing (SK) (CMAA 70, Section 3.3.2.1.2.2, Ref. 4.4.5)

When two wheels (or two bogies) roll along a rail, the horizontal forces normal to the
rail, and tending to skew the structure shall be obtained by multiplying the vertical
load exerted on each wheel (or bogie) by coefficient S, which depends upon the ratio
of the span to the wheel base.

i SPAN 2646 mm o .S, =
Gantry Ratio = =20 =202 = 2.65; S5, = 5%

SK = 5% X [full crane dead and lifted load]
Use SK = 5% (99.2 + 152.2) = 12.6 kips total skewing force

Horizontal Racking Force to Gantry (HRF)
Consider drive wheels operating one side of gantry or gantry towed from one side of
gantry, and on other side gantry drive wheels are locked. Note: One drive wheel per
bogie
Coefficient Friction = 0.25 (PCI, Table 6.6.1, pg. 6-18, Ref. 5.19)
Maximum Vertical Load per Drive Wheel = (99.2 + 152.2) +~ 8 wheels =
31.43 kips ‘
Maximum HRF = 0.25 (31.43 kips) (2 drive wheels) = 15.7 kips
Use HRF = 15.7 kips each side gantry

Vertical Racking Force to Gantry (VRF)

Rail Installation Tolerance Rail to Rail = £3/16" (CMAA 70 Table 1.4.2-1, Ref.

44.5) - ' '
Total Vertical Relative Displacement = 2 (3/16") = 0.375"

The maximum VRF will result from the stress developed during the vertical relative
displacement: On same side gantry frame, displace front bogie up 0.2" and
rear bogie down 0.2" .

Temperature Forces

24.1 Maximum Allowable Air Temperature in Emplacement Drifts During:
(Controlled Design Assumption #DCSS-019, Ref. 5.1) -
Emplacement = 50°C
Retrieval = 50°C
Use A temp = 50°C = 122°F
Consider gantry unrestrained from normal expansion, therefore, neglect
thermal stresses in gantry structure

2.4.2 Effect of Heat on Structural Steel (AISC M016-89, Part 6 pg 6-3 & 6-5, Ref.
44.1)
Short-time elevated-temperature tensile tests on the constructional steels
permitted by the AISC Specification indicate that the ratios of the elevated-

U UNAWITRANS RPTATT- 6 (6071007
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temperature yield and tensile strengths to their respective room-temperature
strength values are reasonably similar at any particular temperature for the
various steels in the 300°F to 700°F range, except for variations due to strain

aging. .

The mechanical properties of steels are largely unaffected by heating
operations, provided that the maximum temperature does not exceed 1100°F
for quenched and tempered alloy steels, and 1300°F for other steels.

3.0 EXTRAORDINARY LOADS

3.1

3.2

33

Collision Forces (CF) (CMAA 70, Section 3.3.2.1.3.2, Ref. 44.5)

Special loading of the crane structure resulting from the bumper stops, shall be
calculated with the crane at 0.4 times the rated speed assuming the bumper system
is capable of absorbing the energy within its design stroke. Load suspended from
lifting equipment and free oscillating load need not be taken into consideration. .
Where the load cannot swing, the bumper effect shall be calculated in the same
manner, taking into account the value of the load. .

AISE Tech. Repont #13, Section 7.6.2, Ref. 5.49
Maximum Allowable Deceleration Rate = 16 ft per sec?
Gantry + waste package weight = 99.2 + 152.2 = 251.4 kips
Impact gantry weight per side = 0.5 (251.4 kips) = 125.7 kips
Maximum Stopping Force per Side = 125.7 kips (—-&Lg] = 62.9 kips
Ji per
Use CF = 62.9 kips each side gantry

Seismic (EQF)
Horizontal and Ventical Accelcrauon 0.27 g (Ref. 5.9, Pg. 13)

The application of the vertical inertia force factors of DLF and HLF results in a
combined inertia force factor approximately = [.34

1.1 (9925 « 1.5 (15229 _ - 1.34
99.2 + 152,24~

which is greater than the combined gravity and vertical séismic acceleration of 1.27
(1+0.27g = 1.27); therefore, vertical acceleration is not considered in this analysis.

Wind: Since gantry operations take place underground, wind loading to gantry during
waste package handling operations is not applicable. Wind loading can occur to
gantry during transport on gantry carrier but is neglected in this analysis.

+ UOWAWPTRANS RPTATT- 7 (062697710 03)
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4.0

5.0

LOAD COMBIﬁATION; CMAA 70, Section 3.3.2.4, Ref. 4.4.5

Gantry structural frame is analyzed for the waste package/hoist beam at three positions (TI-
Section 10.0, Figure I1-6):

Low Position = hoist beam and WP in lowest position.
Medium Position = hoist beam at mid-height gantry column.
High Position = hoist beam and WP in highest position.

The combined stresses shall be calculated for the foilowing design load combinations for
each hoist beam position:

4.1  Load Combination 1: Crane in regular use under principal loading (Stress Level 1)
DL(DLF) + TL(DLF) + LL(1+HLF) + IFD + OPF

4.2  Load Combination 2: Crane in regular use under principal and additional loading
(Stress Level 2)
DL(DLF) + TL(DLF) + LL(1+HLF) + IFD + OPF + LTF + NTF (or SK,
whichever is greater) + HRF + VRF

43  Load Combination 3: Extraordinary Loads (Stress Level 3)

43.1 Crane subjected to stopping collision force
DL + TL +LL + OPF + VRF + CF

4.3.2 Crane subjected to seismic force
DL + TL + LL +IFD + OPF + VRF + EQF

ALLOWABLE STRESSES

5.1  Maximum Allowable Stresses in Structural Steel Members
CMAA 70, Section 2.7, Ref. 4.4.5: Consider emplacement gantry to be of equivalent
Service Class “F" because:

*  Performs critical tasks
*  Must provide highest reliability
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CMAA 70, Tables 3.4.7-1 and 3.4.7-2A, Ref. 44.5

Service Class “F”

Joint Category B; allowable fatigue stress range ' =17.0 ksi
Note: Joint Category B is selected because gantry is
designed principally of built-up box and channel
sections. (CMAA 70, Table 3.4.7-2A)

Plus Approximate Gantry Dead Load Stress (by this analysis) =_1.0 ksi
Use Total Allowable Stress ) = 18.0 ksi

AISC M016-89 (F1-1 & F3-1) pg. 5-45 & 5-48, Ref. 4.4.1; F, =0.66 Fy

For STAAD analysis, limit the allowable stress range for fatigue by reducing Fy for
ASTM A-36 steel:

= Fo =180 = -
Use reduced Fy Y73 0“ 27.3 ksi, ASTM A-36 steel

52  Allowable Stress Level; CMAA 70, Section 3.4, Ref. 4.4.5
The allowable stress increase is a percentage increase above the allowable combined
stress level under principal loading, Stress Level 1, Load Combination 1.

Load Combination 1, Stress Increase =94¢ = 1.0; 0% stress increase

W
Load Combination 2, Stress Increase —g—;‘% = 1,1; 10% stress increase .
Load Combination 3, Stress Increase =-°6% 1.25; 25% stress increase
6.0 ALLOWABLE DISPLACEMENTS
6.1  Gantry Girders
Descrioti , Displ
Vertical Deflection (ASME-NOG-1-1995, Ap., W/o Impact < '-;"%

Section NOG-4341, Ref. 4.4.2 and CMAA 70,
Section 3.5.5, Ref. 4.4.5).

Note: The more stringent allowable
deflection is used to ensure highest

reliability.
Lateral Displacement (CMAA 70, Section 1.4, Ag S
Ref. 4.4.5)

6.2  Horizontal Displacement - Bogie Column (ASME NOG-1- 1995 Section NOG-4345,
Ref. 4.4.2)
Side thrust at the runway rail due to gantry leg sprca.dmg caused by girder span or
cantilever deflection or thermal movement shall be held at an acceptable level by

VINAWPTRANS APTATT-UL (9414 ¥7/10 61)
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providing adequate clearance between the rail head and the wheel flanges, or by
means of other design features incorporated into the gantry structure.

Allowable gantry leg spreading use 0.3"

GANTRY STABILITY (ASME NOG-1-1995, Section NOG-4457, Ref. 4.4.2)

The gantry stability safety factors against overtuming of NOG-4457 when subjected to the
load combinations for crane operational loads and extreme environmental loads (ASME
NOG-1-1995, Section NOG-4140) are by inspection comparable and appropriate for use with
the CMAA 70, Section 3.3.2.4, Ref. 4.4.5 load combinations.

Normal Operating Condition
Overturning Safety Factor > 1.5 (Load Combination #1 & 2)

Extraordinary (Extreme Environmental) Loading Condition
Overturning Safety Factor > 1.1 (Load Combination #3)

MATERIALS -

Following are the structural materials to be considered in the design of the Emplacement
Gantry (CMAA 70, Sections 3.1 and 3.2, Ref. 4.4.5)
8.1 Structural étccl:

ASTM A36 Plates, bars and shapes

82  Weld Material:
AWS DI14.1 E70XX Electrodes

DESIGN METHODS

The Waste Package Emplacement Gantry will be designed using static load analysis.
STAAD-IIT computer software will be used to perform the stress analysis for the gantry
structural frame. STAAD-III facilities for steel design and code checking will be based on
the AISC-ASD code.

U UNAWPTRANS RPTATT- 10 (082697710 0))
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10.0 STAAD-III MODEL

STAAD-III model diagrams indicate model configurations with model members and joints
identified. The basis for each computer model is shown in Figures II-1, 1I-2, II-3, IT4, II-5,
and II-6. Member centerline offsets are not shown in model diagrams for clarity, but are
identified in the STAAD-III input and output files.

VOUNRWPTRANS RPTATT-R.LE (982697710 03)
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GANTRY COMPUTER MODEL JOINT COORDINATES

No. of No. of No. of

Joint X Y Z Joint X Y A joint X Y zZ
101 -342 0.0 -52.1 151 -30.0 18.0 52.1 301 -145 180 -45.6
102 52 00 -52.1 152 -145 180 52.1 302 3249 18.0 -45.6
103 3052 0.0 -52.1 - 183 00 180 521 303 -145 18.0 456
104 3446 0.0 -52.1 154 200 180 521 304 3249 1B.0 456
105 342 00 521 155 1552 18.0 52.1 '

106 s2 00 521 156 25%.0 180 52 Hoist in high position

107 3052 0.0 S52.1 157 3104 180 521

108 3446 0.0 521 158 3249 180 521 1 00 1199 -52.1
111 -50.0 13.0 -52.1 159 3400 180 S52.1 2 10.0 1199 -52.1
112 -342 13,0 -52.1 171 -145 100.5 -52.1 3 3004 119.9 -52.1
113 -145 13.0 -52.1 172 3249 100.5 -52.1 4 3104 119.9 -52.1
114 §2 130 -52.1 173 -145 1005 52.1 5 0.0 1199 521
115 200 13.0 -52.1 174 3249 1005 521 6 100 1199 521
116 29%0.0 13.0 -52.1 181 -145 122.0 -52.1 7 3004 1199 521
117 3052 13.0 -52.1 182 * 00 1220 -52.1 8 3104 1199 521
118 3249 13.0 -52.1 183 1552 122.0 -52.1

119 3446 13.0 -52.1 184 3104 1220 -52.1 Hoist in mid. position

120 360.0 13.0 -52.1 185 3249 1220 -52.1 1 0.0 700 -52.1
121 -500 13.0 521 186 -145 1220 521 2 100 70.0 -52.1
122 -342 13.0 521 187 0.0 1220 521 3 3004 70.0 -52.1
123 -145 130 521 188 1552 1220 521 4 3104 70.0 -52.1
124 52 13.0 521 189 3104 1220 521 5 - 0.0 700 521
125 200 13.0 52.1 190 3249 1220 521 6 100 700 521
126 2900 13.0 52.1 191 -145 1220 -28.5 7 3004 700 521
127 305.2 13.0 S52.1 192 -145 1220 285 8 3104 700 S21
128 3249 130 521 193 3249 1220 -285

129 3446 130 52.1 194 3249 1220 285 Hoist in low position

130 3600 13.0 52.1 251 -145 13.0 -58.6 1 00 33.0 -521
141 -300 18.0 -52.1 252 3249 13.0 -58.6 2 100 33.0 -521
142 -145 18,0 -52.1 253 -145. 130 586 3 3004 33.0 -52.1
143 0.0 18.0 -52.1 254 3249 13.0 586 4 3104 33.0 -52.1
144 200 18.0 -52.1 281 -145 13.0 456 S 00 33.0 521
145 1552 180 -52.1 282 3249 13.0 -45.6 6 100 330 521
146 2900 180 -52.1 283 -145 13.0 456 7 3004 330 521
147 3104 180 -52.1 284 3249 13.0 456 8 3104 33.0 S21
148 3249 18.0 -52.1 291 -145 18,0 -58.6 :

149 3400 180 -52.1 292 3249 18.0 -58.6

293 -145 18.0 58.6
294 3249 180 586

U ONAWPTRANS APTUTT.I0LK L
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11.0 WASTE PACKAGE SIZE/LOAD COMPARATIVE ANALYSIS
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Waste Package Size / Load Comparative Analysis

STAAD Il input file * wp-compa.std * for waste package sizefload comparative analysis,

provides the input to determine the maximum moment in the hoist frame during verical and

lateral seismic load conditions for the waste package to be lifted.

WP type

4 DHLW

12 PWR UCF
44 BWR UCF

21 PWR UCF

Diameter
(mm)
1785
1298
1604
1650 |
1970

1850

Length
(mm)
3790
5335

5335

5335

5350

5850

WP Loaded mass

(Kg)

30,511
32,236
46,424
50,423
69,000

69,000

kips
67.265
71.266
102.347
111.164
152.114

152.114

(kip-t)
142.06
103.81
139.06
149.04
194.54

163.19

* Control *

Waste Package at dia. = 1970 mm, length = $350 mm, and load mass = 69,000 kg control

emplacement gantry design for structural and deflection analysis.

U UNAWPTRANS RPTATT-I0LKS
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441"

16 310.4 -24.0 82.13
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Tile: WPp-CCMPA.std Page: ! of 2

o«

staad space coxparative vp loads

* wol969/qanctry~-11/vp-compa wvaste packages load cozparisony
page length 72

unat kip inch

joint coordinates

1 0. -24. -52.1;2 10.0 -24. -52.1;3 300.4 -24. =-52.1;4 310.4 -24.0 -52.1
5 0. -24. $2.1;6 10.0 -24. 52.1:;7 300.4 -24. $2.1;8 110.4 -24.0 S2.1

mamder incidences
1123:4856¢ 6:1126:2237
Damder offset -
11 12 scart 0 3 0
11 12 end 030
constant
T steel all
dansity steel all
STArt user table
table 1
tube
T20x10
79.08 20.0 10.0 2.25 4262 1065 100 90.0 45.0
end
nember Property
1 to 6§ upt ] t20x10
11 12 ta st tube dt 16 wt 8 ch 0.312§
suppoze
1 45 8 pinned
10ADing 1 vertical and lateral load ‘(L1=30.511mcon, L=3.790m)
SEZLYWEIGMT Y -1.0
selfweaght z -0.27
masber load
2 5 con gy ~-16.82 74.S
25 con gy ~16.02 215.9
2 5 con gz -4.54 74.S§
2 5 con gz ~4.54 215.9
laADing 2 vertical and lateral load (LL=32. 23‘ mton, L=$5.335m)
SELYTWRICHT Y -1.0
selfweight 2z -0.27 -
member load
25 con gy -17.82 44,1
2 5 con gy -17.82 246.2
2 5 cen gz -4.01 44.1
2 S con gz -4.81 246.3
10ADing ) vertical and 1;:.:&1 load (LLe=46.424 mten, LleS, JJSn)
SELIWEIGHT Y -1.0
selfveight 2 ~0.27
mamber load
2 $ con gy -25.59 44.1
2 5 con gy -25.59 246.3 .
2 5 con gz -6.91 44.1
2 5 con gr =-6.91 246.)
10ADing 4 vertical and lateral load (Ll=50.42)mton, L=5.335m)
SELFWEIGHT ¥ ~-1.0
selfwerght z -0.27
mamber load
25 con gy -27.79 44.1
2 S con gy =-27.79 246.3
25 congzx ~-7.30 44.1
25 con gz ~7.50 246.3
LOADIng 5 vertical and lateral load (L1=6€5. mton, 1=5.350m)
SELFWEIGHT Y ~1.0
selfweight z -0.27
namber load
285 con gy ~38.03 43.8
2 S5 con gy -30.03 24¢.6
2 5 con gz -10.27 43.8
2 5 con gz -10.27 246.6
LOADing 6 vertical and lacteral load (LL=69. mton, lLe5.83m)
SELIWEICGHT ¥ ~1.0
selfweight z ~0,.27
mambar load
2 S con gy -38.03 233.96
2 5 con gy -38.03 256.44
2 5 con gz -10.27 33.96
2 5 con gr -10.27 256.4¢
PERFORM ANALYSIS
unit inch
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File: WP-CCMPA.

parametars
Zyld 27.3
code ai1sc
chack ccde
unte feat

prant suppozt reaction

std

Page: 2 of 2

praint Joint displacemant

load lisc 1}
print maxgorce
load list 2
print saxtforce
load list 3
print saxforce
load 1liat ¢
praint maxforce
load list §
print maxforce
load lisc ¢
praint maxforce
steel take off
finish

eonv

env

anv

Tnv

env

env
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ATTACHMENT I

Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport anq Emplacement Equipment Design Page: II-33  of [I- 78
User ID: mk

$S.

UINAVPTRANS RFTWTT-20LKS

PAGE NO. 1

PVVCDOORRIRCCP0000PPPCTINORRPEVPPIPOPRRORTRTEREUVITTY

L ] L 4
. STAAD - IIX *
. Revasion 22.0W *
. Propriecary Program of .
. Researzch Bngineers, Ilnc. *
¢ Date= MAY 19, 1997 .
. Tine=s 16:14:18 .
L] L]
° USEZR ID: mk .
* L 4

00000000 C00R0C0CEPRO0RR00CEPOSQRPIROGPOCRPOREQOOIPOITE

STAAD SPACE CCMPARATIVE WP LQADS
* WOIS65/GANTRY-11/WP-COMPA WASTE PACKAGES LOAD COMPARISCNS
PAGTZ LENGCTH 72
UNIT XIP INCH - '
JOINT COORDINATES
10, -24. ~52.1:2 10.0 ~24. -52.1:3 300.4 -24. -52.1:4 310.4 -24.0 -S52.1
S 0, =24, $2.1:6 10.0 -24. 52.1:7 300.4 ~24. $2.1;8 310.4 -24.0 S2.1
MIMBER INCIDENCES
11223:48 6 6:11 2 6:22237
MEDXMBER OFFSET
11 12 START 0 ) O
1112 0130
CONSTANT
I STIEL ALL
DINSITY STEZEL ALL
START USER TABLEL
TABLY 1
TUBRE
T20%X10 .
79.88 20.0 10.0 2.25 4262 10<S 100 50.0 45.C
END
MIDXBER PROPERTY
1 T0 6 UPT 1 T20X10
11 12°TA ST TUBZ DT 16 WT & TH 0.3125
SUPPORT
1458 PINNED ’
LOADING 1 VERTICAL AND LATERAL LOAD (LL=30.511MTON, L=3.790M}
SELIWEIGHT Y -1.0
SELIWEIGHT 2 -0.27
MZDMBER LOAD .
2 S COX CY -16.82 4.8
2 5 CON €Y ~-16.92 215.9
2 S-CON GZ -4.54 74.8
2 5 CON Gz -4.54 215.9
LOADING 2 VERTICAL AND LATERMAL LOAD (Liw32.236 MTON, L=5.325M)
SELFWEIGHT ¥ -1.0
SELYWEIGHTY 2 -0.27
LAAD

E

2 § CON GY -17.42 44.1
2 S CON GY ~17.82 246.3
23 CONGI -4.11 4¢.1
15 CONGCT -4.81 24€.3
LOADING 3 VERTICAL AND LATERAL LOAD (Ll=46.424 MTON, L=$.335M)
ELYWEIGHY Y ~1.0 . :
ELINEIGHY 2 -0.27
LEAD

CON GY -25.59 44.1

CON CY -25.59 246.3

CON €2 -6.91 44.1

CON GT ~-6.91 246.3

LOADING 4 VERTICAL AND LATERAL LOAD (LL=S0.42IMTON, L=5.335M)
SELIWEIGHT Y ~1.0

SELIVEIGIT 2 -0.27

KEXBER LOAD

2 5 CON CY -27.79 44.1

s
H
25
S
28
2
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COMPARATIVE WP LOADS == PAGE NO.

* WOJ969/GANTRY-11/WP-CCHPA WASTE PACKACE
56. 2 5 CON CY -27.79 246.3

$7. 2 S CON €T -7.50 44.1

S8, 2 5 CON GZ -~-7.50 246.3

$9, LOADING § VERTICAL AND LATEZRAL LOAD (LL=69. MTON, L=5.350X)
60. SELIWEIGHT ¥ -1.0

6l. SELFWEICHT 2 -0.27

€2. YEMBEZR LOAD

€3. 2 S CON GY -308.0) 43.8

4. 2 S CON GY ~38.0) 246.6

€5. 2 S Co¥ GZ -10.27 43.0

€6, 2 5 CON €T -10.27 246.6 .
¢7. LOADING € VERTICAL AND LATERAL ICAD (Lle€9. MION, L=5.05M)
68, SELTWEIGHT Y -1.0

69. SELYWEICHT 2 -0.27

70. MEMBER LOAD

71. 2 S CON €Y -38.03 1J3.96

72. 2 S CON CY -38.0) 256.44

73. 2 5 COXK GZ ~-10.27 33.96

74. 2 5 CON GZ ~-10.27 256.44

75. PERFORM ANALYSIS

PROBLEIM STATISTICS

NUMBEZR OF JOINTS/MEMBEZR+LLEMENTS/SUPPORTS =~ 8/ s/ 4
ORICINAL/FINAL BAND-WIDTH = 4/ b

TOTAL PRIMARY LCAD CASES = 6, TOTAL DEGREES O FREZEDOM = 36
SIZZ OF STIFUNESS MATRIX =« 756 DOUBLL PREC. WORDS

REQRO/AVAIL. DISK SPACE = 12.02/ €69.3 MB, DomM = $8.8 M0

++ Processing CZlement Stiffness Hatrix. 16:14:20
++ Proce’sing Global Staffness Matrix. 16:14:20
++ Processing Triangular Factorization. 16:14:20
¢+ Calculating Joint Displacasants. 16:14:20
e+ Calculating Member Forces. 16:14:21

UUSAWPTRANSAPIATT-IBLE S

76. UNIT INCH
77. PARAMETERS
78. EYLD 27.3
79. codbr AISC
80. CHECX CODEL

2
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. User ID: mk
— COMPARATIVE WP LCADS == PAGE NO.
* WO3969/CANTRY-11/WP-COMPA WASTE PACKAGE
STAAD-IIT CODZ CHECKING - (AISC)
XX XXX XTI YRR AR 2 A AL 4
ALL UNITS ARZ - KIP INCH (UNLESS CTHERWISE NOTEZD)
MEMBER TABLE RESULT/ CRITICAL COND/ RATIO/ LOGADING/
. ™~ . o4 LOCATION
1 ST T20X10 PASS AISC- Hl-d 0.096 S
4.99C 113.22 -416.31 10.00
2 ST T20X10 PASS AISC- H2-1 0.10§ H
0.34 T -164.12 -402.17 0.00
J ST T20x10 PASS AISC- H1-3 0.096 -
4.58 C 113.22 ~416.32 0.00
4 ST T20X10 PASS AISC- H2-1 0. 3
4.50 T 111.62 -416.26 10.00
S ST T20X10 PASS AISC- H1-3 0.10%9 5
0.34 C ~165.29 ~-430.42 0.00
¢ ST T20X10 PASS AISC~ H2-1 0.095 H
§.98 T ° 111.62 -416.26 0.00
11 ST TUnt PASS AISC~ H1-2 0.470 H
0.13 C 277.24 0.40 0.00
12 ST TUB E PASS AI8C- H1-D 0.470 H
0.13 C «277.34 0.40 0.00
Bl. UNIT FEELT

UUMNAWPTRANS RPTATT-IBLK 6

B2. PRINT SUPPORT REACTION
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User ID: mk

COMPARATIVE WP LOADS == PACE NO. 4
© e WO3969/GANTRY-11/WP-COMPA WASTE PACKAGEZ
SUPPORT REACTIONS -UNIT XIP FLE? STRUCTURE TYPE = SPACE
JOINT LCAD FORCE-X  FORCE-Y  FORCE-2Z MOM-X Ho-Y MOH 2

1 1 3.4 20.54 5.62 0.00 0.00 0.00
2 2.60 21.54 5.89 0.08 0.00 0.00
3 3.52 29.31 7.99 0.00 0.00 0.00
4 J.78 J31.51 8.59 0.00 0.00 0.00
H 4.98 41.78 11.38 0.00 0.00 0.00
6 4.29 41.7% 11.35 0.00 0.00 0.00

4 1 =-3.24 20.54 5.62 -0.00 0.00 0.00
2 -2.60 21.54 5.49 0.00 0.00 0.00
3 ~3.82 25.31 7.99 0.00 0.00 0.00
4 -3.78 1.5 8.50 0.00 0.00 0.00
H -4.90 11.7§ 11.35 0.00 0.00 0.00
6 -4.29 41.78 11.35 0.00 0.00 0.00

5 1 -l.24 20.53 5.46 0.00 0.00 0.00
2 -2.60 21.53 5.73 0.00 0.00 0.00
p) -3.52 25.30 7.83 0.00 0.00 0.00
4 -3.78 31.50 8.42 0.00 0.00 0.00
1 ~4.98 1. 11.19 0.00 0.00 0.00
[3 ~4.29 41.74 11.19 0.00 0.00 0.00

9 .1 .24 20.53 5.46 0.00 0.00 0.00
2 2.60 21.53 5.73 0.00 6.00 0.00
3 3.52 29.30 7.43 0.00 0.00 0.00
4 3.78 .31.50 .42 0.00 0.00 0.00
5 4.90 41.74 11.19 0.00 0.00 0.00
6 4.29 41.74 11.19 0.00 0.00 0.00

seeeceseccorre :"n or urtsr msts mmr 0000000000000

a3.

PRINT JOINT DISPLACEMENT
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o COMPARATIVE WP LCADS == PAGE NO. S
* WO3SCH/GANTRY-11/WP-~COHPA WASTLZ PACKASE
JOINT DISPLACEMENT (INCH RADIANS} STRUCTURE TYPZ = SPALCEZ
JOINT LOAD X-TRANS Y-TRANS Z-TRANS X=ROTAN Y-ROTAN Z-ROTAN
1 1 0.00000 ©0.00000 0.00000 0.00002 0.00081 ~-0.001S2
2 0.00000 0.00000 0.00000 0.00001 0.00065 -0.00122
3 0.00000 0.00000 0.00000 0.00002 ©0,00008 ~0.00165
4 0.00008 0.0000C 0.00000 0.06002 0.00095 ~0.00178
$ 0.00000 0.000C0 0.00000 0.00002 0.0012¢4 ~0.00234
[ 0.00000 0.00000 0.00000 0.00002 0.00108 -0.00202
2 1 -0.00001 -0.01531 -0.00813 0.00002 0.00080 ~-0.00151
2 -0.00001 -0.01235 -0.00657 0.00001 0.00064 -~0.00121
3 =-0.00002 -0.01672 -0.0088% 0.00002 0.00087 -0.00164
4 -0.00002 ~0.01796 -0.00954 ©0.00002 0.00093 -0.00176
S ~-0.00002 -~0.02364 -0.03255 0.00002 0.00123 -0.00232
. 6 -0.00002 -~0.0204¢4 -0.01087 ©.00002 0.00106 -0.00200
3 1 0.00001 ~0.01531 -0.00013 0.00002 ~0.00080 0.00151
2 0.00001 ~0.01235 -0.00657 0.00001 ~-0.00064 0.00121
3 0.00002 ~0.01672 -0.00889 0.00002 -0.00087 0.00164
4 0.00002 ~0.01796 ~0.00954 0.00002 ~0.00093 0.00176
5. 0.00002 -0.02364 -0.01255 0.00002 -0.0012) 0.00232
6 0.00002 <0.02044 ~0.01087 0.00002 -0.00106 0.002CC
4 1 0.00000 0.00000 0.00000 0.00002 -0.00081 0.001S52
2 0.00000 ©0.00000 0,.00000 ©0.00001 -0.000¢5 0.00122
3 0.00000 ©0.00000 0.00000 0.00002 -0.000880 0.0016€S
4 0.00000 0.00000 ©0.00000 0.00002 <-0.0009% 0.00178
5 0.00000 0.00000 0,00000 0.00002 -0.00134 - 0.00234
€ 0.00000 0.00000 0.00000 0.00002 -0.00108 0.00202
H 1 0.00000 0.00000 0.00000 -~0.0D001 ©0.00090 <-0.00154
2 0.00000 ©0.00000 0,00000 <~0.00001 0.00065 -~0.00124
3 0.00000 0.00000 ©.00000 ~0.0000% 0.00088 -0.001&8
4 0.00000 0.60000 Q.00000 -0.00001 0©0.00094 ~0.00180
H 0.00000 0.00000 0.00000 -0.00001 0.00124 ~0.00237
[ 0.00000 0.00000 0.00000 ~0.00001 0.00107 -0.00205
6 1 0.00001 ~-0.01553 -0,00807 -0.00001 0.00079 -0.C01S81]
2 0.00001 =-0.01252 =-0,00651 ~-0.00001 0.00064 -0.00123
3 0.00002 -0.01696 -0.00883 -0.00001 0.00006 -0.00167
4 0.00002 -0.01822 -0.00949 <-0.000C1 ©.00093 -0.00179
H 0.00002 -0.023%7 -0.01250 -0.00001 0.00122 -0.00235
(3 0.00002 -0.02073, -0.01081 -0.00001 0.00105 -0.00203
7 1 ~-0.00001 -0.D1533 -0,.00807 <-0.00001 -0.0007% 0.00153
2 ~0.00001 <-0.012%52 -0.00651 -0.00001 -0.00064 0.00123
3 -0.00002 -0.0169¢ -0.008¢3 -0.00001 -0.00086 0.00167
4 -0.00002 -0.01822 -0.0094% -0.00001 -0.00093 0.00179
§ <-0,00002 -0.02397 -0.01250 <-0.00001 -0.00122 0.00235 °
€ =-0.00002 -0.02073 -0.01081 -0.00001 -0.00105 0.0020)
8 1 0.00000 0.00000 0,00000 =-0.00001 -0.00080 0.00154
2 0.00000 0.00000 0.00000 -0.00001 -0.00065 0.00124
3 0.00000 0.00000 0.00000 -0.00001 -0.00088 0.00168
4 0.00000 0.00000 0.00000 -0.00001 -0.00094 0.00180
H] 0.00000 0.00000 0.00000 -0.00001 -0.00124 0,00237
6 0.00000 0.00000 0.00000 <-0.00001 -0.001C7 0.00205

U UNAWPTRANS RPTUTT-IELE S

e0ccetscossccs PYD OF LATEZST ANALYSIS REZSULT *e0ecsetctecses

04. LOAD LIST 1
8S. PRINT MAXFORCZ ENV
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COMPARATIVE WP LCADS == PACEZ NO. 6
* WOISEI/CANTRY-11/WP-COMPA WASTEZ PACKAGE
MEMBER FORCE ENVELOPE
. ALL UNITS ARE KIP FELT
MAX AND MIK FORCE VALUEZS AMONGST ALL SECTION LOCATIONS
o [ 244 DIST LD M/ pIsST LD
rz DIST LD MY DIST LD 129 DIST LD
1 MAX 20.54¢ 0.00 1 0.00 0.00 1
$.62 0.00 1 4.66 0.83 1l J.2¢4 € 0.00
MIN 20.231 0.8 1 -17.02 0.83 1
5.56 0.8 1 0.00 0.00 1 J.2¢4 C 0.9)
2 MAX 20.10 0.00 1 -16.2% 0.00 1
5.4 .00 1 23.17 12.10 1 0,22 T 0.00
MIN -20.10 24.20Q 1 -140.5) 12.10 1
-5.43 24.20 1 -10.38 0.00 1 0.22 T 24.20
3 MAX -20.31 0.00 1 ,0.00 0.83 1
-5.5¢ 0.00 1 4.66 0.00 1 J.2¢ C 0.00
MIN -20.54 0.83 1 -17.02 0.00 1
. -5.62 0.83 1 0.00 0.3 1 3.24 C 0.83
4§ MRX 20.53 0.00 1 0.00 0.00 1
S.46 0.00 1 4.5) - 0.83 1 3.24 T 0.00
MIN 20.30 0.0 |1 -17,.01 0.9 1
5.40 0.93 1 0.00 0.00 1 J.24 T 0.83
S MAX 20.10 0.00 °1 «17.78 0.00 1
5.43 0.00 1 23.07 12.10 1 0.22 ¢ 0.00
MIx -20.10 24.20 1 -142.06 12.10 1
-5.43 24,20 1 -10.49 24.20 1 0.22 € 24.20
€ WX -20.30 0.00 1 0.00 0.93 1l
-5.40 0.00 1° 4.53 0.00 1l 3.2¢ 7 0.00
L2¢ -20.53 0.0) 1 -17.01 0.00 1
-5.4¢6 0.03 1 0.00 0.83 1 .27 0.83
11 MAX 0.21 0.00 1 0.03 0.00 1
-3.4¢ 0.00 1l 15.04 0.00 1 0.13 C 0.00
MIN -0.20 8.68 1 -0.42 4.34 1
=J3.46 8.68 1 -15.00 8.63 1 0.02 ¢ 8.63
12 MAX 0.21 0.00 1 0.03 0.00 1
3.46 0.00 1 1$.00 §5.68 1 0.13 € o.00
HIN =0.20 8.68 1 -0.42 4.4 1
3.46 .68 1 -15.04 0.00 1 0.02 ¢ 8.68

seecsseers PND OF TORCE ENVELOPEZ YROM INTERNAL STORASE *evescceee

8€. LOAD LIST 2
7. PRINT MAXYORCE NV

U UNRAVPTRANS RPTATT-13LK Y
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.— COMPARATIVE Wp LOADS -- PAGZ NO. 7
* WOIFEI/GANTRY-11/WP-COMPA  WASTE PACKACE
MDEIR FORCE ENVELORE
: ALL UNITS AREZ KIP FRET
MAX AND MIN FORCE VALUES AMONGST ALL SECTION LOCATIONS
oo Y/ D1t L Mz/  DIST 1D
2 DIST LD "y pISY 1D ©~ PIST 1D
1 MAX 21.54 0.00 2 0.00 0.00 2 ,
s.89 0.00 2 a.88 0.83 2 2.60¢c 0.00 2
an 21031 4.e3. 2 -17.85 o0.8) 2
583 .03 2 g.00 0.00 2 2.60C 0.3 2
2 o 21.10 0.00 2 -17.2¢ 0.00 2
$.70 0.00 2 15.84 12.10 2 0.10 T 0.00 2
N -21.10 24.20 2 -102.58 12.10 2
<5.70 24.20 2 -7.19 ©0.00 2 0.18 T 24.20 2
3 X -21.31 2.00 2 0.00 0.83 2
-s.33  2.00 2 .88 0.00 "2 2.60¢C 0.00 2
W -21.54 0.83 2 -17.85 ©0.00 2
~5.89 0.8 2 0.00 o0.83 2 2.66Cc 0.9 2
PR 21.83  0.00 2 0.00 o0.00 2
$.13  0.00 2 4.75 0.83 2 2.601 0.00 2
ax 21,30 0.3 2 -17.85 0.03 2
s.67 0.83 2 0.00 0.00 2 2.60T 0.83 2
S x| 21,10 0.00 2 -18.46 0.00 2
5.0 0.00 2 15.75 12.10 2 0.6 ¢ 0.00 2
)I¥  -21.10 24.20 2  <-103.81 12.10 2
-5.730 24.20 2 -7.29 24.20 2 o.18 ¢ 24.20 2
¢ MAX  -21.30 0.00 2 0.00 0.83 2
-$.¢7 0.00 2 475 0.00 2 2.60T 0.00 2
MIN  -21.83 0.83 2 -17.8% ©0.00. 2
<5.73 o0.83 2 0.00 0.83 2 2.60T  0.83 2
11 MAX 6.21 ©0.00 2 0.03 0.00 2
-2.78  0.00 2 12.08 ©0.00 2 0.13¢ 0.00 2
I -0.20 8.68 2 -0.4z .34 2
-2.78 e.68 2 -12.040 .60 2 0.02¢ 8.¢8 2
12 M 0.21 0.00 2 ¢.03 0.00 2
2,78 0.00 2 12.00 e.68 2 0.13¢ 0.006 2
W -0.20 8.8 2 -0.42 4.3¢ 2
8.68 2 -12.08 ©0.00 2 0.02¢C 8.68 2

2.78

eoecccsces END OF FORCE MLOP! YROM INTERNAL STORAGE ®tereteres
i

88. LOAD LIST 2 .
99. PRINT MAXTORCE ENV

VNNAVPTRANS RPTUTT- LK 10



r

. o ATTACHMENT II
Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design ' Page: I1-40 of II- 78

[

e

R T

[

-

|

[

User ID: mk
.= COMFARATIVE WP LOADS -- PAGE NO. 8
* W03969/GANTRY-11/WP-COMPA  WASTE PACIOGE
MEMBER YORCE ENVELOPE
. ALL UNISS ARE KIP fFRET
MAX AND HIN FONCE VALUES AHONGST ALL SECTION LOCATIONS
e FY/  DIsST LD N3/  DIST 1D
rz DIST LD e DIST 1D ~ DIST D
1 WX 29.31 6.00 3 0.00 0.00 3
7.99 ©.00 ‘3 €.¢3 o0.83 3 3.52¢ 0.00 3
MIN 29.08 0,83 3 -24.31 0.83 3
7.93 0.83 3 0.00 0.00 3 3.s2¢ 0.83 3
2 wx 28.87  0.00 3 -23.49 28.20 3 :
7.0 0.00 3 21,03 12.10 3 0.24T 0.00 3
MIN  -20.87 24.20 3 -137.39 12.10 3
~7.80 24.20 3 ~9.72 0.00 3 0.24 T 24.20 3
3 X -29.08  0.00 3 ‘0,00 0.83 3 .
~7.93  0.00 3 6.63 0.00 3 3.s2¢  0.00 3
MIN  -29.31 2.83 1 .24.33 0.00 3
<7.99 0.83 3 0.00 0.83 3 3.s2¢ 0.83 3
4« Wx 29.30 0.00 3 0.00 0.00 3
7.83  0.00 _3 6.50 0.63 3 3.52 ¢ 0.00 3
HIN 25.07 0.83 "3 -24032 0.3 3
7.717 0.3 3 0,00 o0.00 3 3.527 0.8 3
5 X 20.87 0.00 3 -25.16 24.20 3
7.80 0.00 3 20.9¢ 12.10 3 0.24 ¢ 0.00 3
MIN  -20.87 24.20 3 -139.06 12.10 3
<1.80 24.20 3 -5.82 0.0 3 0.20 € 24.20 3
¢ WX  -29.07 0.00 3 0.00 ©0.83 3
<1.71 0.0 ) 6.50 0.00 3 3.52T 0.00 3
MIN  -29.30 0.83 3 -24.32  0.00 3
<7.83  0.83 3 0.00 0.83 3 a.s2T 0.83 3
11 WX 0.21 0.00 3 0.03 0.00 3
-3.76 0.00 3 16.36 0.00 3 0.13¢ 0.00 3
MIN -0.20 8.68 3 -0.42 4.34 3
<3.76 e.68 3 -16.32 ¢.68 3 o.02¢c 8.68 3
121X 0.21 0.00 3 0.03 0.00 3
3.36 0.00 3 16,32 8.68 3 0.13¢ 0.00 3
MIN -0.20 8.6¢8 3 -0.42 4.38¢ 3
3.76 8.6 ) -16.36 0.00 3 0.02¢c s8.6¢8 3

U UNAVPTRANS LPTATT-IBLK 1N

sesecescss PND OF FORCE ENVILOPE FROM INTZRNAL STORAGE etveccrses

90. LOAD LIST ¢
91. PRINT MAXPORCE ENV
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User ID: mk
J— COMPARATIVE WP LOADS -= PAGE NO. 9
¢ WOJ9E695/GANTRY~-11/WP-CCMPA WASTIC PACKAGE
HZMBER TORCE ENVELOPE
ALL UNITS ARZ KIP [PIET
MAX AND MIN YORCEZ VALUEZS AMONGST ALL SECTION LOCATIONS
[jeeye.] re/ 0IST LD M2/ pDIST LD .
rz DIsST L0 oY DIST 11D [ 2 DIST 1D
1 MX 31.51 0.00 [} 0.00 0.00 4q
8.58 0.00 4 7.13 0.03 4 J.18 € 0.00 4
MIN 31.28 0.83 [] -26.1¢€ 0.03 4
8.52 9.83 ] 0.00 0.00 4 3.7% ¢ 0.8 4
2 MAX 31.07 9.00 L] -25.26 0.00 4
8.239 0.00 ] 22.49 12.10 4 0.26 T 0,00 4
MIN -31,07 24,20 ] -147.25 12.10 4
-8.39 24.20 4 -10.43 0.00 4 0.26 T 24.20 4
J M -31.28 c.00 4 0.00 0.8) 4
-8.52 0.00 4 7.13 0.00 4 3.718 C 0.00 4
MIN ~J31.51 0.8) 4 -26.16 0.00 4
-8.50 0.83 4 0.00 0.83 4 3.78' ¢ 0.03 4
4 Max 31.50 0.00 4 0.00 0.00 4 .
8.42 0.00 L} €.99 0.8 4 3.7 T 0.00 4
MIN 31.27 0.8) 4 =26.1€ 0.83 L]
8.36 0.8) 4 0.00 0.00 4 . T 0.8 ]
5 MAX 31.07 0.00 4 <27.08 24.20 4
.39 0.00 4 22.39 12.10 4 0.26 C 0.00 4
HIN 31,07 24.20 4 -149.04 12.10 (|
-8.39 24.20 4 -10.5) 0.00 4 0.26 C 24.20 L}
6 MAX -31.27 - 0.00 4 0.00 0.83 4
-0.3¢6 0.00 4 €.99 0.00 4 3.7 T 0.00 4
MIN -31.50 0.8) 4 =2€.16 0.00° 4
-0.42 0.83 4 6.00 0.83 4 3.78 T 0.83 ]
11 M 0.21 0.00 L} 0.0) 0.00 4
-4.04 0.00 4 17.56 0.00 4 0.13 ¢ 0.00 4
MIN -0.20 0.68 4 -0.42 4.34 4
-4.04 8.69 4 -17.52 8.68 4 0.02 ¢c 8.68 4
12 M 0.21 .0.00 4 0.0 0.00 4
4.04 0.00 4 17.52 8.68 4 0.13 ¢ 0.00 4
HIN -0.20 8.68 4 -0.42 4.34 4
4.04 8.68 4 -17.5¢ 0.00 4 0.02 C 8.60 4

sescsccccs IND OF FORCE INVELOPE FROM INTERNAL STORAGL **eeeccece
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COMPARATIVE WP LOADS

VOISAWPTIAM RITATT- 220K 1)

® WOJI969/CANTRY-11/WP-COMPA

MEMBER FORCE ENVELCPE

ALL UNITS ARZ KIP FIEY?

MAX AND MIN FORCEZ VALUES AMONGST ALL SECTION LOCATIONS

wma

11 MAX

12 MAX
MIN

sosessstes IND OF FORCE ENVELOPE FROM INTEZRNAL STORAGEL ®ceveceves

244
rz

41.78
11.3§
41.52
11.29

41.31
11.16
-41.31
-11.1¢

-41.52
-11.29
-41.78
-11.3%

1.7
11.1%
41.51
11.13

41.31
11.16
-41.31
-11.16

-41.51
-11.13
-41.74
~11.19

0.21
-5.32
-0.20
-5.32

0.21
5.32
-0.20
5.32

94. LOAD LIST ¢
95. PRINT MAXFORCEZ ENV

DIST
DIsT

0.00
0.00
0.83
0.8

0.00
0.00
24.20
24.20

0.00
0.00
0.9]
0.83

0.00
0.00
0.83
0.83

0.00
0.00
24.20
24.20

0.00
0.00
0.9
0.83

0.00
0.00
.68
8.60

0.00
0.00
.68
t.68

LD
1D

(LR AT RV ] wmwnwme WA AR AR AN RN WM VR AR A AV WMA VAN

WASTE PACKAGE

uz/’
"t

0.00
9.43
=34.65
¢.00

=-3).51
29.17
-192.18
-13.41

-0.00
9.41
-34.69
-0.00

0.00
9.30
=34.69
0.00

~35.87
23.07
-194.54
~13.77

0.00
9.30
=-34.69
0.00

0.03
23.11
-0.42

=23.07

0.03
23.07
-0.42

-23.11

DIST
pIST

0.00
0.03
0.93
0.00

24.20
12.10
12.10

0.00

0.4)
0.00
0.00
0.83

0.00
0.8)
0.8
0.00

0.00
12.10
12.10

0.00

0.43
0.00
0.00
0.8)

0.00
0.00
4.34
.60

0.00
8.68
4.34
0.00

2]
Lo

VMWW (Atin LNV VBV LBV VLR VIRV WY VAN

User ID: mk

== PALE NO.
n DIST D
4.9 C 0.00
.98 ¢ 0.83
0.34 T 0.00
0.34 T 24.20
4.9¢ ¢ 0.00
4.98 ¢ 0.8
4,99 T 0.00
4.98 T 0.8)
0.34 ¢ 0.00
0.34 C 2¢.20
.99 ¢ 0.00
.99 7T 0.83
0.13 € 0.00
0.02 ¢ .68
0.1 ¢ 0.00
0.02 ¢c .68
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COMPARATIVZ WP LOADS == PAGE NO. 11
v WOISES/CANTRY-11/WP-CCMDA YASTL PACKACE
L MEMBER FORCE ENVELOPEZ
ALL UNITS ARE KIP FrET
MAX AND HIN TORCEZ VALUZS AMONGST ALL SECTION "LOCATIONS
H e/ oI18T 1D uz/ DIST LD
FI DIST LD MY 0IST LD 124 DIST LD
1 M 41.75  0.00 3 0.00 0.00 (3
. 11.3s 0.00 ¢ 9.4 0.83 6 4.29 ¢ 0.00 4
MIN 41.52 3.8) 6 -34.69 0.83 6
11.29 0.8 6 0.00 0.00 6 §.29¢c 0.03 6
2 MAX 41.31  0.00 6 -33.60 Q.00 €
11.16 0.00 [ 23.93 12.10 3 6.30 T 0.00 §
HIN -41.31 24.20 [3 -161.16 12.10 6
-11.16 24.20 6 -10.50 0.00 § 0.30 T 24.20 6
3 MAX -41.52 0.00 [ 0.00 0.83 6
-11.29 0.00 6 9.43 0.00 ¢ 4.29 ¢ 0.00 6
HI¥ -41.7%  0.0) 6 -34.69 0.00 ¢
-11.35 0.83 € 0.00 o0.83 6 4.29 ¢ 0.13 6
4 MAX 41.7¢ 0.00° ¢ 0.00 0.00 6
11.1% 0.00 6 9.30 0.83 6 4.29 T 0.00 [
MIN 41.51 0.8 6 -34.69 0.93 3
11.13 0.9 13 0.00 0.00 6 4.29 T 0.83 6
5 MAX 41.31 0.00 6 =-35.71 0.00 6 .
11.16¢ 0.00 6 23.0) 12.10 6 0.30¢c 0.00 €
aw -41.31 24.20 € ~162.19 12.10 [
-11.16 24.20 6 -10.59 0.00 6 0.30 ¢ 2¢.20 [
€ MAX -41.51 0.00 € 0.00 0.93 ]
~-11.13  0.00 (] $.30 0.00 6 4.29 T 0.00 ]
MIN -41.74 0.8 [ =-24.69 0.00 ¢
-11.19 ©0.33 ¢ 0.00 0.93 ¢ 4.29 T 0.93 6
11 MAX 0.21 0.00 6 0.0 0.00 6
-4.59 0.00 6 19.93 0.00 6 0.313 ¢ 0.00 €
MIN -0.20 8.68 [ «0.42 4.4 6 '
-4.59 8.6 6 -19.09 08.68 3 Q.02 ¢Cc 8.60 3
12 MAX 0.21 0.00 [ 0.03 0.00 €’
4.59 0.00 [ 19.89 8.68 6 0.13 ¢ 0.00 6
MIN -0.20 8.68 ] -0.42 4.34 6
4.59 B.68 6 -19.%3 0.00 6 g.02 ¢ 0.68 6

UV UNAWPTRANS RFTATTINLK 1
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User ID: mk
COMPARATIVE WP LOADS -~ PAGE NO. 12

UUNAWPTIANG RPTUATTIOLE 1S

* v WOI9ES/CANTRY-11/WP-COMPA  WASTZ PACIAGEL

STEZL TAXZ-Orr

pROYTILE LENGTH(FEET) VXICGHT (KIP )

ST T20X10 51.73 T 14.034

ST TUB E i 17.37 0.816
TOTAL = 14.68

e60v0cececes PND OF DATA FROM INTERNAL STORAGE ®o¢tveccccece
97. FINISH

evvscscsccccvrer FNI) OF srm-x:z eoc0OCTIIGIOEORSTS
ce*s DATE= MAY 19,1997 TIME=~ 16:14:24 *¢°¢

0000000000000 0 0000000008 0000C00PRRCROR0RETRRCVRIPPOROOOSS

. for questions on STAAD-III, contace: .
. Research Engineers, Inc at .
* West Coast: Ph- (714) 974-2500 Fax- {714} 921-2543 -
* gast Coazt: Ph- (508) €88-3626 Fax- (508} $85-7230 -
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: ATTACHMENT II
Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00

Title:
Transport and Emplacement Equipment Design Page: [1-45 of II-78
120 STAAD-III MODEL LOAD DIAGRAMS

With the exception of the dead load structure and equipment self weights (DL), skewing
forces (SK), horizontal racking forces (HRF), and the vertical racking forces (VRF), all
forces applied to the gantry models are applied to the top of the trolley lifting head.

For purpose of this analysis, the longitudinal forces resulting from the Tractive Inertia Forces
(IFD), Longitudinal Thrust Force (LTF), Longitudinal Out-of-Plumb Forces (OPFL),
Collision Forces (CF), and the Longitudinal Seismic Force (EQF), are considered to originate
in the waste package and are distributed through the lifting lug to the trolley, hoist frame, and
gantry structural frame. No structural connection of the waste package to the gantry exists
in the longitudinal direction. Frictional forces developed by the waste package resulting on
the lifting lugs will not be considered effective in uniformly distributing these longitudinal
forces to the forward and rear gantry trolleys. Thus, to ensure the structural integrity of the
gantry structural frame, hoist frame and trolleys, 100% of the longitudinal forces are applied
to the forward lifting lug and trolley in design of the gantry structural frame, hoist frame, and
trolleys. Further, to ensure structural integrity of the trolleys, 50% of the longitudinal force
is applied to the lifting lug at the rear trolley for design of the trolley only.

STAAD-III mode! load diagrams indicate model configurations with applicable model
members and joints identified. Member centerline offsets are not shown in load diagrams for
clarity, but are identified in the STAAD-III input and output files. Applied loads eccentric
to joints are shown in the load diagrams. Rcsulung concentrated moments due to these
eccentricities (load x eccentricity) are not shown in load dnagrams for clarity, but are
identified in the STAAD-III input and output files.

VUNAVITRANS RITUTTO.1) 012697710 9D) II’45
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. ATTACHMENT I
Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: [[-46 ofII- 78
Trolley Structural Analysis
See STAAD III run files

“troly-1f" for front trolley

“troly-1b" for back trolley

In direction of travel: Front trolley will be designed to resist 100% longitudinal loads, 50%
vertical, and 50% lateral loads (Section 4.3.119).

- Back trolley will be designed to resist 50% longxtudmal loads, 50% vertical, and 50% lateral
loads (Section 4.3.119).

VUNSAWPTRANS RPTATT- LK 1T



[

[~

R

. ATTACHMENT 11
Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design Page: 11-47 ofII- 78

Gantry Frame Structural Analysis
Gantry structural frame will be analyzed with the hoist frame at three heights so as to
determine maximum stresses and deflection in the gantry frame structure (Attachment I,
Section 10.0, Figure 11-6).

. Distance from top of rail to centerline of gantry hoist frame:

Centerline of Gantry Frame

Hoist Frame Position Above Top of Rail STAAD III File Name
High position 1199 inch “gantry-h™
Mid-position 70.0inch . “gantry-m”

Low position 33.0inch “gany-|”

V USAWPTRANS AFTATT-I3LX 13
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13.0 STABILITY ANALYSIS
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Title: Preliminary Waste Package

Transport and Emplacement Equipment Design

ATTACHMENT I
DI: BCA000000-01717-0200-00012 REV 00
Page: 11-69 of II- 78

GANTRY STABILITY ANALYSIS

gantry self-weight

from support reactions of load case | and 2 in STAAD I analysis “ Gantry-H “

Gantry weight
Support joint

113
118
123
124

Sub-total =

trolley weight
Support joint
113
118
123
124

Sub-total =

load case |
weight (k)

21.49
21.48
2148
21.48

8593 k

Load case 2
weight (k)
2N
271
27

2N

1084 K

total gantry seif-weight = 10.84 +85.93 = 96.77 kip

96.77 kips / 2.20S5 kips

perMT = 4389 Mton

Less than estimated weight 45 M ton, therefore it is OK.

VUNAWPTRANE RPTATT-IBLK. 14
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Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design Page: I1-70 of II- 78

1. Hoist frame at high position by longitudinal direction forces IFD, LTF and OPFL.

Overturning force and moment

arm = distance from top of rail to top of lift lug. 4.051 m (159.5in ), Figure I - 6

loading No. Dmription force X am = moment
®) (n)  (kin)
a D 1960 X 1595 = 312620
5 LTF 24.80 X 1595 = 3955.60
= 510.40

7 OPFL 3.20 X 159.5

M, = 759220  kein -
resistance force and moment
arm = distance between center ofgantry.cglumm. 8.619 m(339.3 inch ), Figure 1 -3
support joint 113

loading No.  force Reaction force X am = moment

1 gantry 21.49 X 3393- = 79156
2 trolley 271 X 3393 = 919.50
3 WP 38.05 X 3393 = 129104
Suppon_joim"l?.'i

1 gantry 21.48 X 3393 = 728816
2 trolley 2.71 X 33193 = 919.50
3 WP 38.05 X 3393 = 129104

M, = 4223946  k-in

safety factor=M /M, = 4223946 !/ 759220 = 5% >15 OK

UUNAWPTRANG APTATT-IMX 17
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Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design Page: II-71  of II- 78

2 a. Hoist frame at high position by transverse direction forces NTF and OPFT
Overturning force and moment

loading No.  Description overturnforce X am = moment
k) (in) (k-in)

6 NTF 70.80 X 1595 = 11292.60

g . OPFT 2.90 X 1595 = 46255

M, = 11755.15 k-in
Resistance force and moment

arm = distance between center of gantry columns. 2.646 m(104.21in), FigureII - 6
support joint 123
loading No. Description Resistant force X am = moment

1 gantry 21.48 X 1042 = 223822
2 trolley 2.71 X 1042 = 28238

3 WP 38.05 X 1042 = 3564.81
Support joint 128

1 gamtry 2148 X 1042 = 2238216
2 trolley 271 X 1042 = 28238

3 WP 38.05 X 1042 = 3964.81
M, = 1297082 kdn

safety factor=M /M, = 1297082 / 1175515 = 1.1 < 1.5 NO GOOD

highest position fails to provide safety factor against overturning of 1.5.
'b. Check hoist beam by transverye direction forces NTF and OPFT in mid. pesition which
is higher than lifting position® . FigureII.6 (70.0°+39.6"=109.6" > 93.94" )
6 - NIF 70.80 X 1096" "= 7759.68
8 OFFT 290 X 1096° = 317.84
Mot = 807752 kin

safety factor=M /M, = 1297082 / 807752 = 161 >150K

* lifting position of WP on Reusable Rail Car, Top fug to rail =1.380+1.006=2.386 m (93.94%)

VUNARPTRANS RPTATT-IRLK 18
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ATTACHMENT II

DI: BCAG00000-01717-0200-00012 REV 00

Page: II-72 of [1- 78

Transport and Emplacement Equipment Design

3. Hoist frame at high position by transverse direction forces OPFT and SK

Overrurning force and moment

loading No.  Description overrum force X am

(k)
8 OPFT 290 X
9 SK 12.60 X

(in)
159.5

120°*

M,

= moment

(k-in)

= 462.55
= 1537.20
= 1999.75 k-in

* distance from center line of top beam of gantry frame to top of rail = 3.099 m ( 122.0 inch ),
(Gantry Computer Model-Members Diagram, Attachment II, section 10.0)

1042
1042
104.2

104.2
1042

Resistance force and moment
support joint 123
loading No. Description Resistant force X am
| S gantry 21.48 X
2 trolley 2.1 X
3 WP 38.05 X
Support joint 128
1 gantry 21.48 X
2 trolley 2.71 X
3 - WP 38.0S X

1042
M,

= moment
= 223822
= 28238

= 3964.81

= 2238.216

= 28238

= 3964.81

= 12970.82 k-in

safety factor=My /M, = 1297082

/ 19975 = 649 >15 OK

U UMRWPTRANS RPTATT-IBLX 19
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4. Hoist frame at high position by longitudinal direction forces IFD, OPFL, WP EQF, and

Individual member EQF.
Overtuming force and moment
loading  Description overtumforce X amm =  moment
No. ' ) (in) (kein)
4 IFD 19.60 X 1595 = 312620
7. OPFL 3.20 X 1595 = 51040
EQF by seif-weight

WP EQF 41,08 X 1595 = 655226
Trolleys 293° X 15958 = 46734
Trglley drives 005° X 1480°** = 740
Trolley screws 041°* X 1420°* = 5822
Hoist frame drives 043 ° X 1320°** = 5676
Top beams 202° X 120°* = 24644
End beams 142° X 1220°** = 17324
Hoist beams 190* X 1199°* = 46761
Hoist beams 031°* X 1199° = 3717
Electric control cabinets  6.70 * X 1140°** = 76380
Columns 347 X 750°** = 26025
Guiding channels 121 X 750 = 9075
Hoist screws 043 * X 75.0°° = 3225
Bottom beams 1.16* X 130°* =. 2088
Bottom beams 0.83 _‘ X 180°** = 1454
Wheel beams 038°* X 180° = 684
Bogie drives 037* X 180°* = 666
Bogie houses 043* X 130°* = 559

M, = 1200499 kin
* see following spread sheet.

** distance from gravity center line of member to top of rail. (Gantry Computer Model-Members
Disgram, Attachment IT, section 10.0)

UUNAVITRAS RPTATT.IUK 38
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Resistance force and moment

support joint 113

loading No. Description Resistant force X arm = moment

() (in) (k-in)
| S gantry 21.49 X 3393 = 7291.56
2 trolley 2.71 X 3393 = 919.50
3 © WP 38.05 X 3393 = 1291037
Suppore joint 123 |
1 gantry 21.48 X 3393 = 7288.164
2 trolley 2.71 X 3393 = 919.50
3 WP 38.05 X 3393 = 1291037

M, = 4223946  k-n

safety factor=M, /M, = 4223946. / 1200499 = 327 >11 OK

UVUNKRWITRANS RFTUITISIK 2I
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Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design Page: 11-75  of II- 78

5. Hoist frame at high position by transverse direction forces OPFT, WP EQF, and
individual member EQF.

Overturning force and moment

loading  Description overtumforce X arm =  moment

No. ) (in) (k-in)

8 OPFT 280 X 1595 = 46255

EQF byseifweight
WP EQF 4108 X 1595 = 655226
Trolleys 293* X 1595 = 46734
Trolley drives 005® X 1480°* = 740
Trolley screws 041° X 1420 = 5822
Hoist frame drives 043* X 1320°° = S$6.76
Top beams 202 X 1220°** = 24644
End beams 142° X 120°* = 17324
Hoist beams 390* X 1199°% = 46761
Hoist beams © 031 X 1199°* = 3717
_ Electric control cabinets  6.70° X 114.0°%* = 763.80
Columns 347 X 750°* = 26025
Guiding channels 121 X 750% = 9075
Hoist screws 046® X 750°* = 3450
Bottom beams 1.1I6* X 180°* = 2088
Bottom beams 083* X 180°* = 1494
" Wheel beams 038* X 180° = 684
Bogie drives . 043* X 180°* = 1774
Bogie houses 037* X 130° = 48l

M, = 973349  kin

* see following spread shea.

** distance from gravity center line of member to top of rail (GtmyCompmu'ModdMunbd!
Disagram, Attachment IT, section 10.0)

U UNALPTRANC APDATT- 230K 12
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Transport and Emplacement Equipment Design

Resistance force and moment

_support joint 123

loading No.  Description Resistant force X armm = moment
(k) (in) (k-in)
1 . pganty 21.48 X 1042 = 2238.22
2 trolley 2.71 X 1042 ° = 28238
3 WP 38.05 X 1042 = 356481
Support joint 128
1 gantry . 21.48 X 1042 = 2238216
2 trolley 271 X 1042 = 28238
3 WP 3805 X 1042 = 396481 _
M, = 1297082  kin
safety factor=M /M, = 1297082 !/ 973349 = 133 >11 OK

U UNAWPTRANS RPTATT-I3LKD
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6. Hoist frame at high position by longitudinal direction forces CF and OPFL.

Overturn force and moment .

loading No.  Description overtum force X am =moment

7 OPFL - 3.20 X 1595 = 510.40

12 CF 125.80 X 159.5 = 20065.10
M. = 20575.50 k-in

Resistance force and moment

support joint 113

loading No. Description overumforce X arm = moment

| gantry 21.49 X 3393 = 729156

2 trolley 271 X 3393 = 919.50

3 WP 38.05 X 3393 = 12910.37

Support joimt 128

1 gantry 21.48 X 3393 = 7288.16

2 trolley riv bt X 3393 = 919.50

3 WP 38.05 X 3393 = 1291037

M Y = 42239.46 k‘in

safety factor=My /M, = 4223946 / 205755 = 205 >11 OK

VUNAWPTIANS RPTUTT-18LX 24
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Individual member EQF

Individual member EQF = weight of member X horizontal seismic ground acceleration (0.27 g).

Weight of member = X-section area of member X length of member X 490 It/ cf X number of
units

description X-section  length Density weight number Acc.  Seismic
Area (s) (®) (dps/cf) (Kips) Ofunits  (G) Force (kips)
trolley 542 X 2 X 027 = 293
hoistbeams 057 X 2586 X 0.49 722 X2 X 027 = 39
" hoistbeams 015 X 785 X 049 058 X2 X 027 = 031
top beams 027 X 2823 X 049 I3 X2 X 027 = 202
end beams 075 X 718 X 049 = 264 X 2 X 027 = 142
columns 069 X 950 X 049 321 X 4 X 027 = 347
guide channels 024 X 9.50 X 049 112 X4 X 027 = 121
bottombeams 0.14 X 2230 X 049 153 X2 X 027 = 083
bottombeams 029 . X 755 X 049 107 X4 X 027 = 116
wheelbeams 0.4 X 518 X 049 036 X4 X 027 = 038
electric control 62 X4 X 027 = 67
cabinets ’
trolley drives 01 X2 X 027 = 005
trolleyscrews 003 X 255 077 X X 027 = 041
hoist frame 08 X2 X 027 = 04
drives
hoist frame 043 X 4 X 027 = 046"
screws
bogie drives 034 X 4 X 027 = 037
bogie housings 040 X 4 X 027 = 043

U ONAVPTRAMS APTUTT-IRLK Y
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Transport and Emplacement Equipment Design

WASTE PACKAGE TRANSPORTER - MECHANICAL EQUIPMENT SELECTIONS

NOTE:

HDATAWNALSWTT-LI WPD.1 (0913914221}

ATTACHMENT III

A requirement for this analysis is that quantities be
represented in Metric units. Quantities and values derived
in the main body of this analysis are presented in this
manner. In the case of values carried into the main body
of the analysis from the attachments, however, the
information used as source material (such as vendor
equipment data or standard structural.steel members) are
available typically only in English units. Because of this,
generally all calculations and derivations are performed in
English units within the attachments, with the final results
converted to Metric units in the main body of the analysis
(Sections 7 and 8). In such cases the value is represented
in the main body of the analysis first in Metric units
followed in parentheses ¢ ) by the comresponding English
units.

Page: III-1 of [M-21
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ATTACHMENT I
DI: BCA000000-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: IIl-2 of IMI-21

WP TRANSPORTER MECHANICAL EQUIPMENT SELECTIONS

1.0 PURPOSE

This calculation will provide the basis for selecting and/or verifying the following based
on the design concept shown in Figures 7.2.1 through 7.2.4:

. L

2

3.

4.

S.

Transporter wheel load.

Transporter wheel and rail selection.
Door operator drive.

Unloader system.

Unloader system weight.

20 INITIAL DESIGN SELECTIONS

No. Input Description

1. Maximum load on one truck is 55% of the total Transporter operating weight,
which is considered good engineering practice to accommodate a minor degree
of load shifting. .

2. Maximum.opcrating weight of the reusable rail car is 80 MT. (Attachment IV,
Section 3.2)

3. Brinell hardness of Transporter wheels is 615, BHN, which is indicated in Ref.
4.4.5 Table 4.13.3-4 as the hardness required for bridge crane wheels with the
maximum capacity.

4. The Transporter truck wheel has a maximum diameter of 762 mm (30 in.) to
attain the lowest profile and still have the wheel load capacity of a standard
bridge crane wheel of that size.

5. Transporter door swing is 270° to provide minimum interference with isolation
doors and opening time is approximately 1 minute, which is a reasonable and
safe rotational rate for a large mass such as the Transporter door.

6. Transporter rail car unloader shall have a minimum travel of 12.0 m determined
as follows:

A. From Figure 7.2.3, outside dimension of Transporter shield is 7.38 m.

B. From Figure 7.4.3, outside dimension of Gantry is 11.719 m.

HADATAVUNALSWTT-IL WP X0V 297/9.44)
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No. Input Description
C. The length of the WP on the Rail Car is centered in the Transporter shield.

D. End of Transporter shield is flush with transfer dock face for the WP
unloading operation .

The unloader travel is the total of the following distances the center of the
WP travels in the unloading operation:

Middle of shield to transfer dock face = ’3§ m = 3.69m
Transfer dock face to end of Gantry ' = 1.0m
End of Gantry to middle of Gantry =W m - 586m

2
Total Travel 10.55m
Rounded upto 12 m

E. The length of the WP on the Rail Car in the unloader extended position is
centered under the Gantry.

F. The end of the Gantry in the lift-off position over the WP shall be 1 m
behind face of transfer dock.

7. Reusable Rail Car unloading speed shall not exceed 7.6 m/min (25 ft/min) (Ref.
44.5, pg. 80). Suggested slow bridge operating speed for 150-ton bridge crane
is 7.6 m/min (25 f/min).

8. A distanceof 1.32 m from centerline of largest diameter WP (2.0 m) mounted
on the Rail Car to the top of the rail will be used. This is considered a
reasonable dimension for the purpose of WP transport and transfer into the
emplacement drift on a reusable Rail Car. This dimension does not address
tolerances due to the primary nature of this analysis.

9. The distance from the top of the Transporter rail to the top of the Rail Car rail is
1.28 m (Ref. 5.6, Fig. 8.6.4-1).

10. Maximum transport locomotive speed is 8 km/hr (5§ mph) (Ref. 5.6, page E-3).
3.0 SOLUTIONS
3.1 Transporter Wheel Load
From Attachment I, Section 10, Parts:

The maximum Transporter operating weight = 233.15 MT
Round down to 233 MT (257.5 tons)

H\DATAUNALSWTT.CIWPD. X1 17TA2D
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From 4.3.10:

Maximum waste package weight is 69,000 kg or 69 MT.

. Minimum operating weight = maximum Transporter operating - maximum WP weight

=233 MT - 69 MT = 164 MT (181.2 tons)

. From Design Selection No. 1:

Maximum load on one of the two 4-wheel trucks is 55% of total operating weight.
Converting to English units for wheel selection using English unit formula
Maximum truck load = (0.55) (257.5 tons x 2000 Ib/ton) = 283,250 Ibs
Maximum wheel load =283230 Ibs . 70 813 1bs
4 wheels
For the same truck:
Minimum truck load = (0.55) (181.2 tons x 2000 Ib/ton) = 199,320 1bs

Minimum wheel load =L’9_3§°_ir = 49,830 lbs

The above wheel loads are for a static condition and require adjustments for speed, load
and service factors as follows:

From Ref. 4.4.5, pg. 49:
The equipment durability wheel load Pe is:
Pe = maximum wheel load x Ky
where: Ky, = wheel load service coefficient
=KyxCsx S,
Ky = mean effective load factor
C; = speed factor

S, ='wheel service factor

From Ref. 4.4.5, pg. 33:

K., = 2(maximum load) + (minimwn load) _ 2(10.813 Ibs) + (49.830 Ibs) _ 5 g
v 3 (maximum load) 3(70813 1) '

WDATAWNALPATT-CLWPD 4071 197420
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Transport and Emplacement Equipment Design Pape: III-5 of III-21
From Section 4.3.27:

The maximum speed for Transporter is 5 mph or:
5 mi/hr x 5280 ft/mi x hr/60 min = 440 ft/min.
From Design Selection No. 5: |
The Transporter wheels are 30 in. diameter
Wheel speed =ﬁ3'0%; x 440 f/min. x 12 in/ft = 56.0 rpm

From Ref. 4.4.5, pg. 49:

Forrpm 2 315

- pm - 315) -
C, 14-(__328.5 ] 1 +0.075 = 1.075

From Ref. 4.4.5, Section 2.7;

The Transporter application is considered a Class F service which includes specially
designed cranes for continuously handling loads approaching maximum capacity under
severe conditions with the highest reliability.
From Ref. 4.4.5, pg. 50:
For Class F service crane:
S, =145
The equipment durability wheel load Pe is then:
Pe = maximum wheel load x Ky,
Kiwn=KyxCsx S,
=09x1.075x 1.45
=140
Pe=70,8131bs x 1.40=99,138 lbs

For this application, the basic allowable wheel load (By,) is indicated in Ref. 4.4.5, pg.
47: '

HADATAWNALSTY- (L WD X(0912079:20)
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and is the product of:

By, =DWK

where: D = wheel diameter (in.)
W = effective rail head width (in.) (head width - 2 x coner radius)

K= 1300 (%) * for wheels with a hardness of 260 or greater

From Design Selection No. 3:

Transporter wheel hardness = 615 BHN
K= 1300( .6_‘2)"'” =1727
260

From Section 4.3.24:

The rail is 57 kg/m (115 1b/yd) AREA

From Attachment XTI, Section 1, pg. 26:

W =2-29/32 in. - (2) (3%")
=2-29/32 in. - 24/32 in.
=2-5/32in.=2.156in.

Basic allowable wheel load is then:
=(301in.) (2.1561in.) (1727)
=111,712 1bs

The durability wheel loa&l (Pe) of 99,138 Ibs is less than the By, of 111,712 Ibs.

From Ref. 4.4.5, Table 4.13.3-4;

For crane wheels with 615 BHN hardnes:s. the respective wheel loadings are based on the
corresponding rails having a minimum hardness of 320 BHN.

The 762 mm (30 in.) diameter crane wheel with a 58 RC or 615 BHN hardness when
used with a 57 kg/m (115 1b/yd) AREA rail hardened to 320 BHN is sufficient for this
application. ‘

RDATAMNALSATT-MLWPO 401 297920
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3.2

Door Operator Drive Selection
3.2.1 Determine weight of door (from Figures 1 and 2):
A, =Y xr? = % (1.46 m)?
=(0.785) (2.13 m?) = 1.67 m?
A, =(1.460 m) (1.618 m) =2.36 m?
From Section 4.3.18:

Door composition section is:

1 layer 76.2 mm (B-poly) at 920 (kg/m3)
2 Jayers 5 mm S/S at 7949.7 (kg/m?)
1 layer 177.8 carbon steel at 7832 (kg/m?3)

Weight perm? = dchsity (kg/m3) thickness (m)

Weight for one square meter of door:

Materials Density Thickness Wvm?
(kg/m?) (m) (kg/m?)
B-poly 920 0.762 701.0
2 layers S/S - 7949.7 0.010 79.5
Carbon steel - 7832 0.178 13940
Total 2174.5 kg/m?
round up to 2175 kg/m?

Weight for each of the two area:

WTA, = 1.67 m?x 2175 kg/m? = 3632 kg
WTa4, =2.36 m*x 2175 kg/m? = 5133 kg

Weight for three carbon steel door hinges:
‘WT = (3)3 (D - D) (0.260 m) (7949.7 kg/mm?)

where: D, = outside diameter = 0.457 m
D, = inside diameter =0.178 m

HADATAUNALSATT-ZLWPD, XOP 12774 21}
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Figure 2
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322

3.23

324

WT = (2.36) (0.209 m? - 0.032 m?) (0.260 m) (7949.7 kg/m?)
=863.4 kg
round down to 863 kg

Weight for door hinge pin:

WT =222 (1 618 +0.260) (7949.7 kg/m?)

= (0.79) (0.178 m)* (1.88 m) (7949.7 kg/m?)
WT =374kg

Total weight for door:
A, 3641 kg
A, 5133
Hinges 863
Pin 374
Total 10,011 kg

Axial Load on Hinge

Due to tolerances in fit between the door and the door frame hinges, assume that
the axial load from the door is supported at the upper and lower hinge only.

Load on Thrust Barriers
Load on each of the two bearings is:

F, = Y4 (axial load)
=1 (10,011) kg = 5006 kg (11,036 Ibs)

Moment Forces on Door Frame Hinge

The upper and lower door frame hinge sleeve bearing will support the equal and
opposite forces from the door hinge pin.

Determine CG of each of the two overhanging areas (A, and A,) from & pin for
Area A,:.

'From Ref. 5.29, pg. 3-18:

The center of gravity for a quadrant of a circle:

X,=Y,=04244 1

KDATAUNALSWTT.CL WPD. IO $ 27420
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. 325

In this case, r=146m
X,=(0.4244) (146 m)=0.62 m

CGof A, from & pin=1.500m-0.62m
=0.88m

For Area A,:

A,isarectangle and X, = ‘-4620 % =0.730m

CGof A, from &, pin = 1.500 m - 0.730 m
=077 m

ZM =0at & of pin
F; (1.15m) = (0.88 m) (WT4,) + (0.77 m) (WTa4,)
= (0.88 m) (3641 kg) + (0.77 m) (5133 kg)
= 3204 m-kg + 3952.4 m-kg
= 7156 m-kg ,
F, = 6223 kg, round up to 6225 kg
Load of sleeve bearings is 6225 kg (13,724 Ibs)
Door Hinge Friction
From Ref. 5.29, pg. 3-48 to 3-49:
Torque from single journal bearing:
M, = f P r (in-lbs)
where: P = total load of journal (Ibs)
r = radius of journal (in.)
f = frictional coefficient .
Torque for single thrust bearing:
M; = % f L (D*-d%)/(D2-d?) (in-1bs)

where: L = total load of bearing (Ibs)
D = outside diameter of bearing (in.)
d = inside diameter of bearing (in.)
f = frictional coefficient

HOATAMNALSATT-LLWTD. 11109 1297428)
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From Ref. 5.29, pg. 340, Table 1:

For hard steel on lubricated graphite
For static condition: f = 0.09

Converting to English unit for use in formula

r=J8mmy i _35in,
2 254 mm

=457 mm x—"__ =18 in.
254 mm

d=178 mmx—* _ =70in.
254 mm

M, =fpr=(0.09) (13.724 Ib) (3.5 in.)
M, = 4323.1 in-Ib per bearing
M, =1 fL‘D’ d” =14 (0.09) (11,036 Ib) M

-7 in?

=% (0. 09) at 036 lp) S82.-349 2 j;)” us
- n

- 5489 .
(331.1) === 5 in=lb

M; = 6609 in-lbs per bearing
Total torqué =2M,+2M;
= (2) (4323.1) in-1b + 2(6609) in-lbs

= 8646.2 in-Ib + 13,218 in-Ib
Total torque = 21,864.2 in-lbs, round up to 21,870 in-lbs

From Design Selection No. 5:

The 270 degree door swing shall take apbroximately 1 minute.
A l-rpm gearmotor speed will satisfy that requirement.
Gearmotor selection criteria:

21,870 in-Ibs of torque

1 rpm output shaft speed

Flanged mount for mounting to Transporter floor below door pin
Spline output shaft for a splined connection to the door pin for ease in
installation and removal.

el

HIDATAUNALSATT-RLWPD. I 00 12119:.20)
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Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design L Page: MI-13 of MI-21
5. " Right-angle gear drive for minimum obstruction of clearance envelop
around rear of Transporter.
6. Service factor for the application = 1.5 (see following for selection
rationale)

From Attachment XTI, Section 6, pg. 7: -

For right-angle helical-worm drives, select a reducer Joading of extreme shock
load (loads do not exceed 1.75 of normal input) due to the torque of starting the
large inertia of the door from rest.

The associated safety factor (SF) for that'condition which will occur less than 3
hours per day (door opening and closing twice a day) is 1.5.

From Attachment XTI, Section 6, pg. 346:
A S92R62 helical wormgear motor is selected with output speed = 1 rpm. Output
torque = 23,200 and a SF of 1.6. Both torque and SF exceed the selection criteria

selection for door gearmotor.

Door operator gearmotor selection

SEW Eurodrive hclical-worfngear. motor S92R62 w/0.75 hp DT80K4 motor
flange mounted with keyed or splined output shaft.

From Attachment XTI, Section 6, pgs, 417, 422, 423;
Door operator gearmotor weight is as follows:

S92R62 w/DT80K4 motor : =407 Ibs
Lubricant for VIL mounting position 3.2 gals at 7.5 Ib/gal =_24 Ibs
Total weight 431 Ibs

Round up to 440 Ibs

or 200 kg

Rail Car Unloader Equipment Selection

3.3.1 General

Rail Car unloader utilizes two rigid chains and thé associated drives to push the
Rail Car loaded with the waste package from the inside of the Transporter into the
emplacement drift (see Figure 3).

HADATAUNALSATT- . WPD.1 X0V [ 2974:21)
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Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design Page: III-15 of MI-21
33.2 Rail Car Rolling Resistance

333

334

From Attachment XTI, Section 4068, pg. I:

Rolling resistance from Rail Cars with ball or roller bearings is 10.02 kg/MT)

-(20 Ib/ton).

From Attachment IV, Section 3.2:
Maximum Rail Car operating weight = 80 MT

Roll Resistance (Loaded) = 20 Ib/ton x 80,000 kg x 228 % x _Lion__ {764 1p

kg 2000 &
Roll Resistance (Unloaded) = 20 Ib/fton x 11,000 kg x 2203 & ¢ _1ton_ _ 243 [ps
kg 2000 &
Incline Force

From Section 4.3.8:
Maximum grade in emplacement dnft =0.75%

Drift angle = arc tan 0.0075 = 0.43°
Incline Force (Loaded) = 80.(;00 kg xZ%E x sin 0.43¢ = 1324 Ib
Incline Force (Unfoaded) = 11,000 kg x%& x sin 0.43° = 182 Ib
Push Bar Forc;z fo:; Placing Loaded Rail Car

Initial push bar force against Rail Car will be gradual due to the use of a variable-
speed unloader drive and acceleration forces are negligible.

Push bar force = roll resistance + incline force
= 1764 1bs + 1324 1bs
= 3095 Ibs

H\DATAUNALSUTT-IL VD IOV 297220
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Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design oo Page: IMl-16 of II-21
335 PushBar Force Summary
‘Rolling Resistance Incline Force Push Bar Chain Force
Rail Car Loaded  Empty Loaded Empty Total EA
Condition (Ib) (Ib) (L) (1b) (Ib) (Ib)
Emplace loaded - 1764 . N/A 1324 N/A +3088 +1544
Retrieve loaded 1764 N/A 1324 N/A -440 -220
Retrieve empty N/A 243 N/A 182 +61 +31

3.3.6 Rigid Chain Selection
Maximum rigid chain compression force = 1544 Ib, round up to 1600 Ib

Changing to metric units for catalog selection:

Maximum rigid chain compression force = 1600 Ib x > 2;; e 726 kg (force)

From Attachment XTI, Section 5, pg. 5 and 6:

Single row, 60-mm pitch, 60 SG chain capacity is 2500 daN or kg (force)
Single row, 90-mm pitch, 90 SG chain capacity is 9000 daN or kg (force)

Both the 60 SG and the 90 SG chain capacities exceed the load requirements. In
this analysis, the largest chain will be selected and used in the unloader design and
drawings as the worst case for space and power requirements.

Chain selection is then Serapid single chain 90-mm pitch, 90 SG with rollers
and maximum horizontal pushing force of 9000 daN used with a 90 SG guide.

From Attachment XTI, Section 5, pg. 6, 8, and 9:
90 SG chain weight is 32 kg/meter
90 SG guide weight is 43 kg/meter
90-mm pitch, 90° drive housing weight is 120 kg

For a 180° drive housing, use 2 EA 90° drives for a total weight of 240 kg.

SDATAUNALSUTT-ZL WPOLIK 197520
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3.3.7 Chain Drive Power Requirement

338

From Attachment X, pg. X-8:

Toraue = Jorce x chain piich
rq ‘f

Maximum chain force = 726 kg (1600 1bs)

Chain pitch = 90 mm (3.54 in.)

Eff = 0.8 (which includes friction of chain in glide)

Torque ={16%0 ”"g 8‘354 in) 7080 in-lbs

Horsepower — lorque (in-1b) x shaft speed (rpm)
63000 x eff

. From Design Selection No. 7:

Rail Car unloading rate is 7.6 m/min. (25 ftmin.)

From Attachment XTI, Section 6, pg. 9:

~ For 90-mm pitch drive, 1 rev is 540 mm (21.3in.) of chain.

. _ . rev 12 in. _ 1
Drive speed = 25 ft/min. x TN x-—ﬁ— = 14 rpm

Horsepower is now:

HP = (7080 in-Ib) (14 rpm)
63,000 x 0.8

Note: eff = 0.8 is within the range of combined motor/reducer efficiencies
HP = 1.96 per chain

Total drive hp for both chains:
HP; =3.9 hp, round up to 5 hp

Motor-Reducer Selection

Selection criteria:

L. 1750 rpm input
2. 14 rpm output

HADATAUNALSATY-IRWID.1 1051 197435
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3. - Foot-mounted motor reducer with two output shafts, located between the

[~

339

two rigid chain drives
4. S hp minimum

From Attachment XTI, Section 6, pg. 7:

For right-angle helical gear motors, select:
AGMAClassII'b
1. moderate shock loads not exceeding 1.25 x rated load torque
2. minimum service factory = 1.4

From Attachment XII, Section 6, pg. 223:

For a 5-hp helical-bevel gearmotor, select a Model K106 w/DT100L4 motor
13 rpm output. 2.2 service factor
24,200 in-Ib of torque

Rigid chain drive gearmotor selection:

SEW Eurodrive helical-bevel gearmotor Model K106 with DT100LA4 motor,
reversible 5 hp, 1750 rpm input, 13 rpm output, 24,200 in-Ib of torque, foot
mounted. .

Refer to Attachment XII, Section 6‘, pg. 246 for gearmotor dimensions.
Gearmotor Weight
From Attachment XII, Section 6:

Page 324: Mounting position B611

Page 334: 8.5 gallons of lube

Page 332: K106 w/DT100 weight is 624 1bs
Item Wt
Gear motor 624 1b

Lube (8.5 gal x 7.5 Ib/gal) 64 1b

Total = 688 Ib (312 kg)
round up to 320 kg

HWOATAVNALSATT-BLWYD. 1K 1277R2N
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3.3.10 Rigid Chain Magazine Storage Requirements
From Design Selection No. 6:

Transporter Rail Car unloader shall have a minimum travel and storage capacity
for 12.0 m of rigid chain.

Rigid chain storage magazine arrangement is shown on Figure 4.

From Figure 4, total length of retrievable chain stored in magazine:

2e+“;’2=12.0m

20=120m-0.314m=11.69m
§1=584m

Total length of magazine:

L=¢+0.050m+0.300 m
=584 m+0350m=6.19m

3.3.11 Rigid Chain Magazine Weight
Fro.m Figure 4:
Magazine is 6.19 m long x 0.400 m high x 0.230 m wide
Magazine enclosure is constructed of 3.18 m (0.125 in.) carbon steel plate.

Magazine surface area:

A =2 (0400 m + 0.230 m) (6.19 m)
=7.8m?.

From Ref. 44.1, pg. 6-8:
Density of cold-drawn steel = 490 1b/ft?

Converting to metric units:

2.205 Ib m
= 7842 kg/m?

D = 490 Ib/fi® x X8 x(mﬁ]’

HADATAWNALTATT-QLWPD. IO I91720)
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For the thickness of 3.18 mm, the density per m? is:

Density/m? = 7842 kg/m? x 0.00318 m
- =249 kg/m?

Empty magazine weight = (7.8 m?) (24.9 kg/m?)
=194 kg

Rigid chain weight:

From Attachment XII, Section 5 spec sheet page 6:

Type 90 SG rigid chain weight is 32 kg/m

Rigid chain weight = (12 m) (32 kg/m) = 384 kg
Total magazine weight for each:

Rigid chain 384 kg

Magazine 194

' Total = 578 kg
Misc. support (10% of total) _57

"Total = 635 kg
round down to 630 kg

HADATAWNALTATTII WYD21{091297420)
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ATTACHMENT IV

REUSABLE RAIL CAR - MECHANICAL EQUIPMENT SELECTION

NOTE:

HOATAMNALSATT-{V.WFD.| (00129711027

A requirement for this analysis is that quantities be
represented in Metric units. Quantities and values derived
in the main body of this analysis are presented in this
manner. In the case of values carried into the main body
of the analysis from the attachments, however, the
information used as source material (such as vendor
cquipment data or standard structural steel rnembers) are
available typically only in English units. Because of this,
generally all calculations and derivations are performed in
English units within the attachments, with the final results
converted to Metric units in the main body of the analysis
(Sections 7 and 8). In such cases the value is represented
in the main body of the analysis first in Metric units
followed in parentheses ( ) by the corresponding English
units.



~—

[

[

[

ATTACHMENT IV
Title: Preliminary Waste Package DI: BCA000000—01717—0200-00012 REV 00
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REUSABLE RAIL CAR - MECHANICAL EQUIPMENT SELECTION

1.0 PURPOSE

Basec on Rail Car dimensions shown in figures 1 and 2, this calculation provides the
following:

. L Rail car weight and 6pcrating weight with heaviest WP for use as input in this and
other calculations. .

2. Rail car wheel and axle sclection.

3. Verify the capacnty of the 44.6 kg/m (90 1b/yd) ASCE rail for the rail car
application.

2.0 INITIAL DESIGN SELECTION
No. ' Input Description

1. From a preceding analysis (Ref. 5.5), a distance of 1.32 m from
centerline of largest diameter WP (2.0 m) mounted on the rail
car to the top of the rail will be used. (Attachment IIT)

2. The rail car will have 4 axles and 8 wheels, with the maximum
combined Ioad of the rail car and the heaviest waste package
evenly distributed over the wheels. This condition is considered
achievable with the proper placement of the wheel/axles on the
rail car. (Attachment IV)

3. The rail car wheels will be 356 mm (14 in.) diameter based on
manufacturer’s standard size for industrial rail cars in the load
range of this application. (Attachment IV)

4. Brinell hardness of the gantry transporter, rail car and gantry
carrier wheels shall be 320 BHN (Ref. 4.4.5, Table 4.13.3-4).
The 320 BHN hardness is a standard hardness of crane wheels
used for cranes with a higher range of load conditions.
(Attachments V and I'V)

3.0 SOLUTIONS
3.1  Rail Car Empty Welght

Determine rail car empty weight based on:

HADATAUNALTUTTIV.WPD 3 (812971 0:29)
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A. Rail car dimensions in Figures 1 and 2.

B. Rail car fabricated from A36 steel with a dcnsiiy of 490 Ib/ft3 (Ref. 4.4.1,
pg. 6-8).

C. Standard wheel/axle components as listed in Ref. 5.33, pg. 6.
For the weight determination, the rail car is separated into the assemblies and
individual components as shown in Figure 3. The weights for each are determined
as follows.
3.1.1 Wheel/Axle Support Assembly A (Figure 4)
Determine volume of individual components (refer to Figure 5).
1. Plate : 25 mm (1") thick
Area = (45 mm)(2)(735 mm) + 2 (42)(423 mm)(735 mm)
= 66,150 mm? #+ 310,905 mm?
= 377,055 mm?
Volume = (0.377 m?)(0.025 m) = 9.4 x 103 m3
2. Plate: 38 mm (1%4") thick
' Areas (405 mm - .22 (710 mum) = 264,475 mm? = 0.264
Volume = (0.264 m?)(0.038 m) = 10.0 x 10° m?
3. Plate: 25 mm (1") thick
Area =163 mn - £2222) x 710 mm = 110,405 mm? = 0.11 m
Volume = (0.11 m?)(0.025 m) = 2.75 x 107 m3 |
4. Plate: 25 mm (l"). thick
Area = (163 mm)(58 mm) + ¥2(58 mm TAN 30°)(58 mm)
Arca = (163 mm)(58-rnm) + %(33 mm)(58 mm)
=9454 mm? + 957 mm?

= 10,411 mm?
=0.0104 m?

HADATAMNALBATT-IV.WPD 3 (07 12711029)
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3.1.2

HADATAMNALSUTT-LV.WPD A (0912971029

Volume = (0.0104 m?)(0.025 m) = 0.26 x 10? m?

5. Plate: 25 mm (1") thick

Area = (2)(148 mm)(257 mm)
= 19,018 mm?
=0.0190 m?

Volume = (0.0190 m?)(0.025 m) = 0.48 x 10° m3
6. Wheel and Axl; Assembly (2 wbecls. axle, 2 axle boxes)
From Ref. 5.33, Pg 6:
Irwin Car and Equipment
Model No. TA-104 thru axle wheel assembly
Capacity: 15 ton
Approximate weight: 695 Ibs (316 kg)
Determine density for structural plate steel in metric units:
From Ref. 4.4.1, Pg. 6-8:
Density of rolled steel = 490 Ib/ft3

. .. )
Converting to metric: ‘450 }“% x Tkzb‘? x (1”;“'3) - 7849 kg/m?

Assembly A Volume and Weight Summary

No. Des. Oty Vol Density WtEA.  Total
(m*x10%)  (kg/m’)  (kg) (ke)

1. B 2 9.4 7849 73.8 1476
2. B 2 10.0 7849 78.5 157.0
3. B 4 2.75 7849 21.6 864
4, B 2 0.26 7849 2.04 4.1
5. B 2 0.48 7849 3.77 7.5
6. Assem. 1 .- - 316.0 3160

Total Weight Assembly A =719 kg

Round up to 720 kg

Assembly B (Figure 6)

Determine volume (refer to Figure 7):

1. Plate (25 mm thick)
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Area = (952 mm)508 mn - 16 7n) = 476,000 mm? = 0.476 m?
Volume = (0.476 m?)(0.025 m) = 11.9 x 10* m?
2. Plate (25 mm thick)
Area = (45 mm)(2)(708 r;lm) +2 (4)(407 mm)(708 mm)
© =63,720 mm?+ 288,156 mm?= 351,876 mm?
=0.352 m?
Volume = (0.352 m?)(0.025 m) =8.8 x 103 m3
3. Plate (25 mm thick)
Area = (1470 mm)(952 mm) = 1,399,440 mm? = 1.4 m?

Volume = (1.4 m?)(0.025 m) =35.0x 10° m?

Assembly B Volume and Weight Summary

No. Des. Oty Vol. Density Wt EA.  Total
(m3x 10%)  (kg/m?%) (k) (kg)

1. Plate 2 119 7849 93.4 186.8
2.  Plate 1 88 7849 69.1 69.1
3.  Plate 1 350 7849 274.7 2747
Total Assembly B = 530.6 kg
Round down to 530 kg

3.1.3 Assembly C (Figure 6)
Determine volume (refer to Figure 8):
1.  Plate (25 mm thick)
Area = (555 mm){s08 mn - ’_65"2) = 277,500 mm? = 0.28 m?
Volume = (0.28 m?)(0.025 m) = 7.0x 107 m?
2. Plate (25 mm thick)

Area = (1470 mm)(555 mm) - (228 mm)(152 mm)

HDATAUNALSATTIV.PD S (09129771020
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= 815,850 mm?- 34,656 mm?
= 781,194 mm?=0.78 m?

Volume = (0.78 m2)(0.025 m) = 19.5 x 10 m?

Assembly C Volume and Weight Summary

No. Des. Ouw. Vol Density WLEA.  Total
(m*x 10%)  (kg/m?) (kg) (kg)

1. Plate 2 7.0 7849 54.9 109.8
" Plate . 1 19.5 7849 153.1 153.1
Total Assembly C =262.9 kg
Round up to 265 kg

3.1.4 Cradle Plate D (38 mm thick) (Figure 9)
Determine volume and weight:

Note: Cutouts for axles are not considered for a more conservative weight
estimate. . '

Area = (2)(0.88 m)(5.998 m) = 10.56 m?
Volume = (10.56 m?)(0.038 m) = 0.40 m?
Weight = (0.40 m?)(7849 kg/m?) = 3139.6 kg

Total Weight Plate D = 3139.6 kg
Round up to 3,140 kg

3.1.5 End Plate E (76 mm Ltﬁ;k) (Figure 9)

Note: Cutout in end plate is not considered for a more conservative weight
estimate.

Determine volume and weight:
Area = (1.624 m) x (0.590 m) = 0.96 m?
Volume = (0.96 m?)(0.076 m) = 73.0 x 10 m?

Weight = (73 x 10 m3)(7849 kg/m3) = 573.0 kg

HADATAUNALSATT-IV.WPD 4 (912971029)
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Total Weight End Plate E = 573.0 kg, round up to 575 kg

3.1.6 Towing Eye Plate F (50 mm thick) (Figure 9)

Determine volume and weight:

Area = (1624 mm)(304 mm) - (152 mm)(152 mm) - ms‘m,x
= 493,696 mm? - 23,104 mm? - 4537 mm?

= 466,055 mm? = 0.466 m?

Volume = (0.466 m?)(0.050 m) = 23.3 x 10° m?

Weight = (23.3 x 10? m?)(7849 kg/m®) = 182.9 kg

Total Weight Plate F = 182.9 kg
Round up to 185 kg

3.1.7 Rail Car Empty Weight Summary

Assembly A Volume and Weight Summary

No. Des. Oy,  WLEA,  Tota

' (kg) (kg)
I, Assembly A 4 720 2,880
2 Assembly B 3 530 1,590
3 Assembly C 2 ] 265 530
4, Plate D Cradle 1 3,140 3,140
5 ~ EndPlate E 2- 575 1,150
6 Towing Eye Plate F 2 185 370

Total= 9,660 kg

adding 10% for miscellaneous steel = 966 kg
Total Rail Car Empty Weight = 10,626 kg

3.2 Maximum Rail Car Operating Weight

From Section 4.3.10:

H\DATAUNALSATT-IV.WYD.7 (0912977029

Round up to 11,000 kg
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"33

3‘4

35

Maximum WP weight = 69.0 MT

Empty rail car weight 11.0MT
wP 69.0 MT
Total 80.0 MT

Maximum Rail Car Operating Weight = 80 MT

Determine Maximum Wheel Load

Maximum operating weight = 80 MT
Converting to English s§ystem for selection from manufacturer’s data

Maximum operating weight = 80,000 kg x 2.205 1b/kg
= 176,400 lbs

From Design Selection No. 2: .
The Rail Car is designed with 4 axles and 8 wheels.
All 8 wheels are equally loaded

Weight per wheel = {26400 b2 — 93 050 [bs
8
= 11.03 tons

Wheel Selection
From Ref. 5.33, page 6:

A Model No. TA-104 thru axle wheel assembly has a rated capacity of 15 tons,
well above the maximum wheel/axle load for a rail gauge of 1.44 m.

Selection:

Irwin Car and Equipment, Model No. TA-104, thru axle assembly, 1.44 m (56Y2
in.) rail gauge, tapered roller bearings, 356 mm (14 in.) diameter wheels. 695
Ibs approximate weight. ,

Rail Size Verification
From Section 4.3.25: The Rail Car rail is 44.6 kg/m (90 Ib/yd) ASCE rail

From Ref. 4.4.5 (Section 4.13.3, page 47):

HADATAWNALSATT-IV. WPD 2 (09 1291039)
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The tabulated allowable wheel loads for various diameters, hardness and rail
application are determined from the product of:

DxWxK

where: D = diameter of wheel (in.)
W = effective width of rail (in.)

K = 130 (.‘;;%V. *” for wheel hardness, BHN greater or equal to 260
From Ref. 4.4.5 (Table 4.13.3-4, pg. 50):

The effective width of rail is defined as the width of the rail head minus comer
radii

From Design Selection No. 4, wheel hardness = 320 BHN
" _ 320\*” _ 0.33
and: K_mo[%) -(1300)(1.23).
= (1300)(1.07) = 1391

For the maximum capacity of the selected wheel, the minimum effective rail

width is: '
W = (15 ton) (2000 Blion)
x (D)
=_30005b 1 54ijp,
(1391) (14 in)

From Attachment XTI, Section 1, page 19 for a 44.6 kg/m (90 lb{yd) ASCE rail:

Rail head width = 254 in.
Comer radii = 5/16 in.

W = effective head width = 2% in. - 2(5/16) in.
=2in.

The W of 2 in. for the 44.6 kg/m (90 1b/yd) ASCE rail is greater than the
minimum required W of 1.54 in. and is adequate for this application.

H\DATAUNALSATTIV. WPD.9 (0912971027
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ATTACHMENT V

GANTRY LOADS AND EQUIPMENT SELECTIONS

NOTE: A requirement for this analysis is that quantities be
represented in Metric units. Quantities and values derived
in the main body of this analysis are presented in this
manner. In the case of values carried into the main body
of the analysis from the attachments, however, the
information used as source material (such as vendor
equipment data or standard structural steel members) are
available typically only in English units. Because of this,
generally all calculations and derivations are performedin -
English units within the attachments, with the final results
converted to Metric units in the main body of the analysis
(Sections 7 and 8). In such cases the value is represented
in the main body of the analysis first in Metric units
followed in parentheses ( ) by the corresponding English
units. )

ROATAMNALIATT-V.1{091291712.42)
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TITLE: GANTRY LOADS AND MECHANICAL EQUIPMENT SELECTIONS

10 PURPOSE

This calculation will provide the basis for selecting and quantifying the following:

e RNl o b

Gantry wheel size

Traversing drive

Lifting screw size

Lifting screw drive

Lifting head trolley screw size selection
Lifting head drive selection

Lifting head roller selection

Gantry racking forces

2.0 INITIAL DESIGN SELECTIONS

The following is a summary of the initial selections used in and verified by this

calculation.
No. Input Description

1. Weight of the gantry structure shall be 45 MT. (Attachment II, Section 1.1)

2. The gantry structure shall be supported by 4 bogies each having a minimurmn of
2 wheels with diameters and face widths sufficient to carry the maximum
loads. One wheel of each bogie shall be driven. All 8 gantry wheels will be
equally loaded due to the symmetry of the gantry arrangement.

3. Brinell hardness of the gantry wheels shall be 320 BHN (Ref. 4.4.5, Table
4.13.3-4). The 320 BHN hardness is a standard hardness used for crane wheels
with a higher range of load conditions.

4. Gantry wheel diameter shall be 400 mm, which is a manufacturer’s standard
size for applications with similar loading (Ref. 5.38 Section 8.1, pg. 20).

5. The maximum gantry speed shall be 0.76 m/sec (150 ftmin) (Ref. 4.4.2,
Section 5333.1). The design tolerance for a design rated load speed shall be
-10%. '

6. Wind loads are not applicable to Gantry operation since the Gantry is operated

underground.

HADATAWNALSATT-Y2(0M 2971 2:47)
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No. Input Description

7. Hoisting frame weight is 25% of total ganuy weight. Lifting head trolley
weight = 5000 Ib (Estimated).

8. Maximum waste package lift shall be 2226 mm.

9. Gantry crane mechanical equipment shall be selected in accordance with Class
E crane requirements (Ref. 4.4.5, Pg. 11).

10. Lifting head trolley travel speed shall not exceed 0.07 m/sec (14 ft/min) (Ref.
4.4.5, Figure 6-2, Pg. 80). Lifting head trolley speed shall be slow for the fine
control required at the point of engagement of the head and the skirt of the
waste package. Figure 6.2 indicates a recommended slow hoist speed of 14
fmin for the minimum load of 3 tons, which exceeds the weight of the lifting
head trolley and suffices for this application.

11. Lifting head trolley acceleration shall be 0.30 m/sec? (1 ft/sec?) (Ref. 5.18, Pg.
111). A low rate of acceleration will permit better indexing characteristics for

gripping WPs.

12. The static coefficient of friction for locked Gantry wheel on rail of steel on
steel will be 0.25 (Ref. 4.4.5, Table 5.2.9.1.2.1-B). The table value is 0.20,
which is increased by a safety factor of 1.25, which is considered reasonable to
accommodate off-normal conditions.

13. Kinetic friction shall be 75% of static friction (Ref 5.27, Pg 251).

14.  Waste package lifting speed shall not exceed 6 ft/min (Ref. 4.4.2, Table NOG-
5331.1-1). .

3.0 SOLUTIONS
3.1 Traversing Wheel Selection
Based on procedure outlined in Ref. 4.4.5.
A. Allowable Wheel Load
From 4.3.10

Max. weight of waste package = 69 MT
Min. weight of waste package = 30.5 MT

HADATAVNALSATT-V X0 12971247}
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From Design Selection No. 1
Weight of gantry structure = 45 MT

Total max. weight = WP weight + gantry weight
=69 MT +45MT = 114 MT
= 114,000 kg
Total min. weight  =30.5 MT +45 MT =75.5 MT = 75,500 kg
From Design Selection No. 2, there are 8 wheels
Max. whee! load =ﬁ-;’?ﬂs_ = 14,250 kg/wheel

Min. wheel load =E£;H£ = 9437.5 kg/wheel

From Ref. 4.4.5, Pg. 47: The basic allowable wheel load (BWL) in
Ibs:

BWL = KDW (ibs)
where: K = hardness coefficient of the wheel when BHN 2260
= 1300 (B_”N)”’
260

BHN = Brinell hardness
= 320 from Design Sclection No. 3

D = wheel diameter
= 400 mm from Design Selection No. 4

w = effective rail width
= head width - 2 x comer radius
from Ref. 4.4.5, Pg. 50
Dimensions from Ref. 5.20, Pg. 19 for 90 Ib ASCE rail
W=2%in.-2x5/16in.=2in.
K= 1300(29.)"” =1392
260)

BWL=KDW =1392x04mx 3.28 ftymx 12in/ft x 2 in.
=43,8311b

BWL = 43,831 x 0.453 kg/Ib = 19,856 kg
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B.

Durability Wheel Load

Mechanical mean effective load factor, Kw
from Ref. 4.4.5, Pg. 33.

Kw = 2(maximum load) + (minimum load)
3 (maximum load)

Kw = 2.(14250 kg) « (94375 ke) _ () gg7
3 (14250 kg) ’

From Design Selections No. 4 and No.5:

150 fi/min

Wheel speed = 3.28 fiim x = x 0.4 m/rev

=364 rpm

From Ref. 4.4.5, Pg. 49
For speed factor C; for rpm 2 31.5

Cs=1+ RPM - 315
3288

Cs=1+364-315_) 015

328.5

From Ref. 4.4.5, Pg. SO
Wheel service factor, Sm = 1.25 (Class E)

From Ref. 4.4.5, Pg. 49
Wheel load service coefficient, Ky,

Ky =Kwx Csx Sm=0.887 x 1.015x 1.25=1.13

and:
Equivalent durability wheel load Pe

Pe = maximum wheel load x Ky,

. =14,250kgx 1.13=16,103 kg

This wheel load is compared to the BWL load of 19,856 kg. .. The 400 mm
diameter wheel is sufficient.

HODATAUNALSATT-V IO 129N 240
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3.2  Gantry Traversing Drive Selection

A.

WDATAMNALDATT-V K00 I9712:47)

Motor Horsepower

The motor horsepower including power components for acceleration and
friction is based on procedures from Ref. 4.4.5, Pg. 59:

HP,=KaxWx VxKs
where:
Ka = acceleration factor for motor type

Ks = service factor which accounts for the type of drive and duty
cycle

Ks = 1.2, Ref. 4.4 5 (Pg. 61 for an adjustable vbltagc with DC
shunt motor for Class E cranes)

W = total weight = 114 MT (125.7 TON)
V = rated drive speed = 150 fpm

Since the equations in Ref. 4.4.5 are empirical, the following calculations
are in English units.

fo2WWazcr

- gxE Nr
Ka= 33,000 x K xW?(Pg'SQ)

where:

f = rolling friction '
f= 15 lbs/ton (Pg. 61, 15 in. ¢ wheel)
a = average acceleration rate
= 1.0 ft/sec? for dry rails and 50% of wheels driven. Acceleration
can be up to 2.4 ft/sec? (Pg. 60)

Cr = rotational inertia factor

=1.05+ 1/7.5=1.18 (Pg. 59)
g =32.2 f/sec? (Pg. 59)
E = mech eff. = 0.9 (Pg. 59)
Nr = rated speed of motor at full load

= 1750 rpm
Nf = free wheeling speed = 1750 rpm
Kt = acceleration torque factor
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For adjustable voltage dc shunt wound motors

15 » 2000 x 1.0 x 1.18

Ka= 3303(2)-1’;‘5’-9 x 1 =0.0019

Note: The worst case Nr/Nf = 1 was used.

Motor HP, = 0.0019 x 125.7 x 150x12 43.0

~ Since thcre are 4 motors:

Motor HP, = g_:_s_o_ = 10.7 HP per motor

.Incline Horsepower

Horsepower for moving up the drift incline (HP,)

From Ref. 5.45, Pg. 26:

HP _. incline force x velocity
33,000

Incline force F; = Sin 0.57 x 125.7 x 2000 1b/TON
=25011b

HP 2501 (lbs) x 150 (fpm) _ 11.4
33,000

From Ref. 4.4.5, Pg. 59:
Efficiency = 90%

Since there are 4 motors:

HP, ='T7 3.2 HP per motor

Gantry Traversing Drive Horsepower

Gantry drive motor horsepower, HP, is from Ref. 4.4.5, Pg. 62, combines

motor and incline horsepower
HP,=0.75 (HP, + HP) Ks

where:
Ks= 1.2 (Pg. 61)



[

-

Title: Preliminary Waste Package

‘ ATTACHMENT V
DI: BCA000000-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: V-8 of V-17

HDATAVNALIATT-VROP 1TV €T

Since the calculated HP, already has Ks Factored in, HP can be
rewritten: :

HP,=0.75 HP, +0.75 HP; x Ks
HP,=0.75x10.7+0.75x3.2x 1.2
HP, = 10.9 per motor

From Ref. 5.21, Pg. C-15:

Shunt-wound DC motors provide a relatively flat speed-torque
characteristic. The shunt-wound motor also provides the lowest starting
torque (275% of rated torque) and will provide the most accurate indexing
performance for engaging and placing WPs. .
Based on the curve for shunt-wound motors, starting torque ( or
horsepower) will be 275% of the rated torque (or horsepower)

= Rated HP =.;_°,"%=3.96

Rounding up to the next standard motor size
MotorHP =5

From Ref. 5.21, Pg. C41:

For 5 HP, 500 VDC, 1750 rpm, a C1811ATZ motor frame is selected.
Dimensions of this motor are given on Pg. C-139. Weight of this motor
is 175 Ibs. This motor will be fitted with a 180TC C-face bracket, Pg.
C-79. ‘

Size Gearmotor for HP, = 10.9 Rounded to 10 HP, which is considered
satisfactory for this preliminary analysis.

From Ref. 5.23, Pg. D-34:

For 10 HP, 1750 inpui rpm, 35 rpm output is the closest speed (compared
to 36.4 rpm), AGMA Class 1 (3-10 hours per day operation) S.F. = 1.1
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A 25030tN U.S. Gear Reducer is selected. Dimensions of this reducer
are given on Pg. D-125. Weight of this reducer is 193 1bs. This reducer
will require a C-face flange adaptable to the 180TC C-face motor
bracket.

Total drive weight = 175 Ibs + 193 Ibs = (368 Ibs) 166.0 kg
Round to 400 1bs for structural analysis

Due to lower gearmotor output speed, Gantry speed will be less than 150
ft/min. ‘

Gantry Speed = wheel speed x 3.28 ft/m x 7 x wheel diameter
= 35 rev/min x 3.28 ft/m x ® x 0.4 m/rev
= 144 ft/min

This speed satisfies the +10% requirement of Ref. 4.4.2. A speed of 140
fpm was used for structural analysis. Since the drive is variable speed, the
speed can be controlled not to exceed 140 fpm.

From Ref. 5.23, Pg. D-34:
A]lgwable overhung load (OHL) =.3887 Ib

Allowable output torque = 16,880 in-Ib

3887 I

=43 in.

Minimum sprocket radius =

- minimum sprocket pitch diameter (PD) is 4.3 in. x 2=8.6in.
From Ref. 5.24, Pg. A-40:
For 35 rpm at 10 HP, choose a 140-pitch chain with 17-tooth sprocket.

From Attachment XTI, Section 3, Pg. E-75:

Choose a 140-pitch, 17-tooth sprocket PD = 9.524 in.

HDATAUNALDATT.V MOSLITA 24T)
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3.3- Lifting Screw Size Selection

From Design Selection No. 1:
Total gantry weight = 45 MT

From Design Selection No. 7:
Hoisting frame weight = 0.25 x 45 M’I‘ =11.25MT

Lifting screw load = [69 MT ’4”35 MT }

=20.1 MT (44218 1b)
From Attachment X11, Section 2, Pg. 19:

For life expectancy of 1 x 10° in. of travel, any size ball screw over 3 in. dlameter
will support this load.

From Ref. 5.41, Pg. 35:

For single row angular contact bearings to support the 44,218-Ib load, the bearing
inside diameter must be 3.937 in.

- select a 4" Thomson Saginaw ball screw with 1" lead. Capacity = 85,000 Ib.

Estimate lifting screw weight for structural analysis:
From Design Selection No. 8:

Max. lift = 2226 mm (87.6 in.)
From Attachment XTI, Section 2, Pg. 51:

4" ball nut length = 12.59'3 in.

Screw length = lift + ball nut length
=87.6in. + 12.593 in. = 100.2 in.

From Ref.Attachment X1, Section 2, Pg. 26:
Wt for 4" ball screw = 2.87 1b/in.

Total wt = (100.2'in.) (2.87 Ib/in.) = 288 1bs
Wt for 4" ball nut = §3.5 Ibs

RA\DATAUNALSUTT-V. 100091 39712:42)



ATTACHMENT V

Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design ' Page: V-11 of V-17

Total wt for ball screw and nut = (288 lbs + 53.5 Ibs)

=(341.51bs) 154.9 kg

allowing an additional 25% for end bearings

Total lifting screw wt = (1.25) (341.5 Ibs) = (426.9 Ibs) 193.6 kg

Round off to 195 kg (430 1bs)

" 34 Lifting Screw Drive Selection

A.

NOATAUNALIUTT-V.11 (DM 1971 142)

Screw Drive

From Attachment XII, Section 2, Pg. 26.
Screw lead = 1.0 in. x 25.4 mm/in. = 25.4 mm

From Ref. 4.4.2, Pg. 50:

Slow lifting speed for a 69 MT (76 ton) load gantry is 6 ft/min. or 1.83
m/min.

From Design Selection No. 8:
Maximum lift = 2226'mm

Using a lifting time of 3 min.
Lifting rate = 2226 mm/3 min. = 74 mm/min. (2.43 ft/min.)
2.43 ft/min is well under the slow rate of 6 ft/min.

—. 0.74 m/min _ .
Screw speed Y TITR el 29.0 rpm

From Attachment XTI, Section 2, Pg. 14:

Torque = 0.177 x load x screw lead
=0.177 x 44218 Ibs x 1 in. = 7827 in-Ib, rounded to 7830 in-lb

Screw HP = operating load x screw lead x screw speed
3.564 x 10°
= 44218 Ibx ) in. x 29.0 pm
356,400

= 3.6 HP

‘Using a gear reducer efficiency of 90% and a chain drive efficiency of

90% Screw HP = 35 _=44
0.9x09
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Since a shunt-wound motor will provide 150% of rated torque at rated
speed, motor rated HP = ‘:—'; =29.

Rounding up to the next standard motor size, use 3.0 HP for one drive per
screw shaft or 7.5 HP for one drive per 2 screw shafts.

From Ref. 5.23, Pg. D-28:

For 3 HP, 1750 input rpm, 28 rpm output is the nearest speed (compared
to 29 rpm), AGMA Class 1 (3-10 hours per day operation) S.F. = 1.0

A 24030tN U.S. Gear Reducer is selected. Dimensions of this reducer
are given on Pg. D-125. This reducer will require a C-face flange
adaptable to the 180TC C-face motor bracket.

From Ref. 5.23, Pg. D-125:
Weight of reducer = 53.5 kg (118 Ib)

From Ref. 5.21, Pg. C41:

For 3 HP, 500 VDC, 1750 rpm, a C1811ATZ motor frame is selected.
Dimensions of this motor are given on Pg. C-139. This motor will be
fitted with a 180TC C-face bracket, Pg. C-79.

From Ref. 5.21, Pg. C-139:

Weight of this motor =79.4 kg (175 1b)

Weight of this drive = 175 1b+ 118 Ib = 132.9 kg (293 1b)
Round up to 500 Ib for structural analysis

From Ref. 5.23, Pg. D-32:

For 7.5 HP, 1750 input rpm, 28 rpm output is the nearest speed (compared
to 29 rpm), AGMA Class 1 (3-10 hours per day operation) S.F.= 1.0

A 25030tN U.S. Gear Reducer is selected. Dimensions of this reducer
are given on Pg. D-125. This reducer will require a C-face flange
adaptable to the A180TC C-face motor bracket.

Reducer weight = 86.2 kg (190 1b)
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From Ref. 5.21, Pg. C-41:

For 7.5 HP, 500 VDC, 1750 rpm, a C181 1ATZ motor frame is selected.
Dimensions of this motor are given on Pg. C-139. This motor will be
fitted with A180TC C-face bracket.

Motor weight = 79.4 kg (175 Ib)

Total weight of drive = 190 Ib + 175 Ib = 164 kg (365 1b), round up to 800
Ib for structural analysis )

Chain Drive for 3 HP Gearmotor
From Ref. 5.23, Pg. D-28:
Overhung load = 3146 Ib
Output torque = 6,427 in-1b
Sprocket radius = $427 in-lb 2.04 in.
3146 Ib :
~ Any sprocket with PD greater than 4.25 in. is satisfactory
From Ref. 5.24, Pg. A-38:
For crane and hoist, load classification is Class C with a SF= 1.7
Design HP=HPxSF=3.0x 1.7=5.1
Speed =28 rpm

Ref. 5.24, Pg. A-40 for 7.5 HP:
Sprockets are 140 pitch, 17 teeth

From Attachment XTI, Section 3, Pg. E-75:
Pitch diameter of a 17-tooth, 140-pitch sprocket = 9.524 in.

Max. bore = 3 in. This bore is sufficient for both gearmotor and ball screw
shafts. :

Chain Drive for 7.5 HP Gearmotor
From Ref. 5.23, Pg. D-32:

Overhung load allowed = 4121 1b
Torque = 15,889 in-1b
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3.5

Sprocket radius =13:889 in-b _ 3 86 iy
4121 b

= Any sprocket with PD larger than 7.75 in. is satisfactory

From Ref. 5.24, Pg. A-38:

For crane and hoists, load classification is Class C, with aSF= 1.7
Design HP=HP x SF=7.5x 1.7=12.75

From Ref. 5.24, Pg. A41:

For a speed of 28 rpm using 15-HP, sprockets are 160 pitch, 21 teeth.
From Attachment XTI, Section 3, Pg. E-79:

Pitch diameter of a 21-tooth, 160 pitch sprocket is 13.419 in., with

maximum bore of 3% in., which is sufficient for the gear motor and the
ball screw.

Lifting Head Trolley Traversing Screw Selection

Maximum horizontal load on the lifting head trolley screws will occur due to
seismic acceleration.

From Section 4.3.20:

Horizontal acceleration is 0.27 g rounded off to 0.30 g.
Since two screws will supp;m the load

Screw load = 247203 = 10,35 MT

=10.35 MT x 2205 Ib/MT
= 22,821.8 1b; round off to 23,000 1b.

From Attachment XTI, Section 2, Pg. 19: Select a 2.25 in. Sagmaw ball screw
with a 1" (25.4 mm) lead

Determine traversing screw wt:
From Attachment XTI, Section 2, Pg. 26:

Weight of 2.25 in. diameter ball screw is 0.906 1b/in. To allow for ball nut, end
bearing and miscellaneous supports, increase ball screw wt by a factor of 2.

ROATAUWNALSMTT- V.M 9N T4
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Wt per foot = (2) (12 in/ft) 0.906 1b/in = 22 Ib/in.
Round off to 30 Ib/ft for structural analysis

Lifting Head Trolley Traversing Screw Drive Selection
From Sections 4.1.6 and 4.3.11:

Length of longest WP = 5850 mm
Length of shortest WP = 3790 mm

& WP length = 2060 mm

From Section 4.3.17:
WP end skirt is 225 mm at both ends of the WP. Allowing 200 mm for travel at

both ends.
Total Travel = 2060 mm + 2 x 200 mm = 2460 mm

Since there is a takeup at each end of the WP
Takeup travel = 3@2—’"1"- = 1230 mm

Using a travel time of 15 sec is reasonable considering the short travel distance.

mm x 60 sec/min
15 sec

Lifting head travel speed = 123

= 4920 mm/min

4920 mm/min

Screw speed =
pe 25.4 mmirev

= 193 rpm

From Attachment TI, Section 13.0:

Weight of trolley plus lifting head = 5,420 Ib
From Ref. 5.50, Pg.'2:

Coefficient of friction = 2.7%, rounded up to 3.0%
Friction Force = 54201b x 0.03 = 163 Ib

From Design Selection No. 11:

Acceleration of Trolley = 1 ft/sec?

Acceleration Force = —3320m__ o 1 0 fi/sec? = 168 Ib

bm f
322 f <o

R\DATAWNALSATT-V I 12911 34D
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Total Screw Load = (168 lbs + 163 Ibs) = (331 1b) 150.1 kg

From Attachment X1, Section 2, Pg. 14:
Torque = 0.177 x load x screw lead
=0.177x 331 lbs x 1 in. = §8.6 in-Ib

HP to turn lifting head screw at 193 rpm

HP =force x screw lead x speed = 331 sx1 in. x 193 rpm = 0.2’ use Vs HP
3.564 x 10° x 0.9 356,400 x 0.9

From Ref. 5.23, Pg. E-18, use a U.S. Géar Reducer, MbN gear frame size,
2102, 188 rpm output is the nearest output speed with 1750 rpm input speed
and is considered satisfactory for this preliminary analysis, ¥s HP

From Ref, 5.23, Pg. E-101:
Weight of reducer = (42 1b) 19.0 kg

ses =y in. _ 188 revimin - ;
Lifting head trolley travel speed =1 e =y x 0.3048 m/ft =4.77 m/min.

From Ref. 5.21, Pg. C4:

For 5 HP, 1750 rpm, a SG56HC motor frame is selected. Dimensions of this
motor are-given on Pg. C-20. This motor is normally a C-face motor. Voltage i
90 V armature, 100 V field.

From Ref. 5.21, Pg. C-17:
Motor weight = 31 Ib

Total drive weight=421b+311b=(731b) 33 kg
Round to (100 Ib) 45.4 kg for structural analysis

Lifting Head Roller Selection

From Section 4.3.11:
Waste package weight = 69 MT = 152,145 1b
Load carried per lifting head = .‘i“_‘z‘sﬂ =76,0721b

From Attachment V, page 3:
Weight of lifting head trolley = 5000 Ib
With 4 rollers per trolley equally loaded

Lifting head roller load = 16972 ""4’ 5000 s — 20,268 Ib

HADATAWNALSTT-V. 1K1 I971240)
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From Attachment XTI, Section 7, Pg. 2:

Capacity of the 8-OT roller assembly is 16,000 1b.
= 6 roller assemblies will be required per trolley.

Lifting head roller load =28:972 ”’*6° 3000 s = 13,512 Ibs

From Attachment XTI, Section 7, Pg. 2: Roller selection is Hilman 8-OT.

Future analysis should refine the design of the trolley and lifting head to verify
loading on trolley rollers. '

RDATAUNALDATT-V IS 971247
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GANTRY CARRIER WEIGHT AND WHEEL SELECTION

-

NOTE: A requirement for this -analysis is that quantities be

HADATAWNALIWTT-VLWITLL (071 27T)

represented in Metric units. Quantities and values derived
in the main body of this analysis are presented in this
manner. In the case of values carried into the main body
of the analysis from the attachments, however, the
information used as source material (such as vendor
equipment data or standard structural steel members) are
available typically only in English units. Because of this,
generally all calculations and derivations are performed in
English units within the attachments, with the final results
converted to Metric units in the main body of the analysis
(Sections 7 and 8). In such cases the value is represented
in the main body of the analysis first in Metric units
followed in parentheses ( ) by the corresponding English
units. '
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1.0

" TITLE: GANTRY CARRIER WEIGHT AND WHEEL SELECTION

PURPOSE

This calculation will provide the basis for preliminary evaluation of:

. A, Gantry Carrier Weight

20

30

B. Gantry Carrier Wheel Selection
C. Gantry Carrier Rail Selection

INITIAL DESIGN SELECTIONS
No. Input Description

1 Weight of gantry structure shall be 45 MT, Attachment I, Section I.1
Weight of coupler shall be 175 Ib, Attachment IX, Section 2.0
Weight of truck shall be 11,000 Ib, Attachment VIII, Section 2.1
Gantry carrier wheel hardness shall be 320 BHN.

Gantry carrier wheel diamct;r shall be 762 mm (30 in.).

Gantry catrier rails shall be 57 kg/m (115 Ib/yd) AREA rail.

AN W W N

SOLUTION
3.1 Gantry Carrier Weight (Figures 1 and 2)
A.  Wheel Truck Assembly - A (Fig. 3&4) .
From Fig. 4:
I. ~2901mx0.812mx0.025m=0.059 m*

2. (1422 m x 0.812 m) - (0.1982m? %)
1.1547 m?- 0.1232 m? = 1.032 m? x 0.051 m = 0.053 m3

3. Wheel truck - 4950 kg (Attachment VIII)
B. Deck Assembly - B (Fig. 5&6):

From Fig. 6:

HDATARNALSATT-VL#PO 2 (091 29T)
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1. 11.42mx3.546 mx 0.025 m = 1.0124 m?
2. 90Ib/yd rail = 30 Ib/ft x 1.488.1%"1_'; = 44.6 kg/m
Rail weight = 11.42 m x 44.6 kg/m = 509.33 kg

From Fig. 10:

3. Wheel stops  0.0045 m?
M (3] 3) 4) &) 6) €))
Item Des. Oty. Vol. Density Wt. Ea. Total
m? kg/m>* kg (4)x(5) kg (3)x(6)
Al PL 2 0.059 7849.8 463.1 926.3
A2 PL 2 0.053 7849.8 4160 - 832.0
A3  Assm. 2 7849.8 4950.0 9900.0
B-1 PL i 1.0124 7849.8 7947.1 7947.1
B2 Rail 2 | 7849.8 509.3 1018.6
B3 Assm. 2 0.0045 7849.8 35.3 70.6
*From Ref. 4.4.1 20.694.6 kg

3 ‘an kelm® _ 3
490 Jb/ft® x 16.02-——-11,#5 7849.8 kg/m
C.  Frame Support Assembly - C (Figures 7 and 8)

From Fig. 8.

1. Side Frame (2 outside, 2 inside)
29mx0.0158 m2x 2 =0.0916 m*
4.172mx 0.0276 m? =0.1151 m?

0672mx0254 m=0.171 m*
0.672mx 0382 m=0257m?
o1a  x0.652m=0.219 m?

0.254 mx'1.038 m=0263 m?
091 m?x0.018 m =0.0164 m*x 2
=0.0328 m®
0.0916 m*
01151 m*
Total volume of side frame = 0.2395 m?

2. Outside structural member (30 required)
1.001 m x 0.0158 m*=0.0158 m?

HADATAVNALRATT-VLWFD) (001297)
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3. Inside structural member (14 required)
0.592 m x 0.0158 m? = 0.0094 m3

4, Coupler support assembly
0.592 m x 0.0178 m? '=0.0105 m?
0.089 m x 0.642 m x 0.025 m = 0.0014 m3
0.592 m x 0.524 m x 0.025 m = 0.0078 m?
Total volume = 0.0197 m®

(1) @ 3) C)) (%) (6 )]
Item Des. Oty Yol. Density Wt Ea Tota]
m3 kg/m3* kg (Dx(S) kg (3)x(6)
C-1 WF 4 0.2395 7849.8 1880.0 7520.0
C2 WF 30 0.0158 7849.8 124.0 3720.0
C3 WF 14 0.0094 7849.8 73.8 1033.2
C4 Assm. 1 0.0197 7849.8 154.6 1546
Total Weight of Frame Support Assembly = 12.427.8 ke
D. Gusset Plate
From Fig. 9:
0.1389 m? x 0.025 m = 0.0035 m?* x 7849.8 kg/m?® x 22 = 604.4 kg
E. End Plate
From Fig. 9:
3.546mx0.559 mx0.051 m= OlOllm’x78498kglm’x2 _liL_kg
F. Coupler

WOATAVMALIVTT-VLWPD A (001297}

From Attachment IX, Section 2.0: .
Coupler Weight = 79.0 kg (175 1b) (Ref. 3.4)

Coupler box plates from Fig. 9:
04m x0.353mx0.051 m=0.0072 m3*x2=0.0144 m?
0.172mx0.353mx0051m=0.031 m3x2 =0.0062 m?

0.0206 m?
x 7849.8 kg/m? = 161.7 kg
79.0kg
240.7 kg



I

Title: Preliminary Waste Package

Transport and Emplacement Equipment Design

ATTACHMENT V1

DI: BCA000000-01717-0200-00012 REV 00

Page: VI-5 of V1-17

Total car weight
Assembly A&B 20,694.6 kg
C 12,427.8 kg
D 604.4 kg
E 1,587.2 kg
F —2407 kg
35,554.7kg

Weight of gantry carrier = use 36,000 kg

32  Gantry Carrier Wheel Selection

From Attachment II, Section 1.1;

Weight of gantry =45 MT

From Section 3.1:

The gantry carrier will have 8 wheels, uniformly loaded.

Weight of gantry carrier= 36.6 MT

Maximum wheel load =£‘_”_’8_3§M = 10.1 MT

Minimum \-avhecl load =§i98£ =45MT

From Ref. 4.4.5, Pg. 33
Mechanical mean effective load factor Ky,

K, = 2.(mazimum load) + (minimum load) _ 2(10.1 MT) + 45 MT _ g5

3 (maximum load) 3(10.1 MT)

From'Ref. 4.4.5, Pg. 49:
Wheel load service coefficient, Ky,

where: Cg = speed factor; dependent on wheel speed

K=Ky xCsx S,

« = Wheel service factor = 1.25 Cd
Cd = machine service factor

From Ref. 44.5, Pg. 33

Cd=1.16

From Input 4.3,27:
Carrier speed = 5 mph

HADATAUNALSTT.VLWPD S (07129
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5 mi _ 88 fi/min _ :
peed =22 x S8JUM ~ 440 f/min
5 hr mifhr

From Design Selection No. 5:
‘Wheel diameter = 30 in.

Wheel speed =ﬂ%"l’- =56.0 rpm
Rx—f ’
12

From Ref. 4.4.5, Pg. 49:
Since wheel speed is > 31.5 rpm

- 56 - 315\ _
cs_1+(_3_2§3_) 1.07
~ Ky =082x 1.07x125x 1.16 = 1.27 )

From Ref. 4.4.5, Pg. 47:
Basic allowable wheel load, By,

Byr=KxDx w
where: K = hardness coefficient of the wheel when BHN 260
= BHN\®®
K= 1300  22)

D ='wheel diameter = 30in.
W = effective rail width

From Ref. 4.4.5, Pg. 50:
W = width of rail - 2 x comer radius

From Design Selection No. 6:
Gantry Carrier rails are 115 Ib/yd AREA rails

From Attachment XTI, Section 1, Pg. 26:
Width of rail head = 2-23/32 in.

Comer radius - % in,
W=2-23/32-2x%=197in.
BHN = Brinell hardness

From Design Selection No. 4:
BHN =320

RDATAUNALSTT-VLWPD S (04129
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_ 320 0. _
K= 1300(‘2‘53) = 1392

Buy = 1392 x 30in. x 1.97 in.
= (82,270 Ib) 37,020.0 kg

From Ref. 4.4.5, Pg. 49:
Equivalent durability wheel load, Pe

Pe = maximum wheel load x Ky,
=10.1 MT x 1.27 = 12.8 MT (28,311 Ib)

This load is compared to the basic allowable wheel load, By, = 82,270 Ib.
~ the 30 in. diameter wheel and 115 1b AREA rail is satisfactory. .

HOATAUNALSUTT-VLWID.? (071277
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WHEEL TRUCK ASSEMBLY
' FIG. 3

GANTRY_CRANE CARRIER
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ATTACHMENT VII

TRANSPORT LOCOMOTIVE - EQUIPMENT SELECTION

NOTE:

HDATAMNALOATT-VILWPD.L (DY 1 19T)

A requirement for this analysis is that quantities be
represented in Metric.units. Quantities and values derived
in the main body of this analysis are presented in this
manner. In the case of values carried into the main body
of the analysis from the attachments, however, the
information used as source material (such as vendor
equipment data or standard structural steel members) are
available typically only in English units. Because of this,
generally all calculations and derivations are performed in
English units within the attachments, with the final results
converted to Metric units in the main body of the analysis
(Sections 7 and 8). In such cases the value is represented
in the main body of the analysis first in Metric units
followed in parentheses ( ) by the corresponding English
units.
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TRANSPORT LOCOMOTIVE - EQUIPMENT SELECTION

1.0 PURPOSE

The purpose of this calculation is to evaluate locomotive capacify requirements under
various operating conditions to provide a basis for locomotive selection. The following
conditions are evaluated:

A. Tandem locomotives retricving a loaded WP with the Transporter and
transporting up the north tunnel ramp

B. One locomotive placing a WP at the emplacement loading dock
1. Case A - operation in the main drift
2. Case B - operation in the emplacement turmn out with 20 m radius curve

C. Locomotives transporting a WP with the Transporter down the north tunnel ramp
1. Case A - two locomotives transporting WP
2. Case B - one locomotive transporting WP

D. Verify locomotive selection for 20-meter curve in drift access turn out.

2.0 INITIAL DESIGN SELECTIONS
No. Input DeScription

1. The following rolling resistance and adhesion data is from
(Attachment XTI, Section 4, Section 4068) and are used in
Attachments IIT through VII:

Rolling resistance for rail cars with ball or roller bearings is
20 Ib/ton (10.02 kg/MT).
Locomotive running adhesion of driving wheels on clean
dry rails and flat grade is:
Steel wheels 25% of wheel load
Cast iron wheels 20% of wheel load

2. Two locomotives operating in tandem shall each provide
50% of the tractive effort to transport the load. (Attachment

VI

3. The considered worst case of 100% braking of the trailing
load by one of the two locomotives operating in tandem
shall be included in the determination of the capacity.
(Attachment VII) -

RADATAUNALSATT.VILWPD 2 (D91297)
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No. Input Description
4, Maximum grade of North Ramp shall be 2.1486% (From

Section 4.1.1) and is rounded up to 2.5% for sizing
locomotive capacity.

Loaded Transporter weight shall be 233.15 MT (257 tons)

- (Attachment 1, Section 1.0)

Emplacement turnout grade shall be 4—6.5%. Section 4.3.8
Grades vary from 0.25% to 0.75%. Use the average of
0.5%.

Main Drift slope shall be 1.35% rounded up to 1.4%.
(Section 4.1.2)

30 SOLUTION

31

Determine Locomotive Capacity for Condition A (Figure 1)

For locomotive sizing with retrieval of loaded transporter transporting up to the
north portal: '

Operating Criteria:

Trolley power

Speed = 5 mph (Section 4.3.27) .

Slope = 2.5% (Design Selection No. 4)

Two locomotives with equal loads

Curve = 305-m, round down to 300 m (984ft) (Section 4.1.3) in main track
K=0.25

Transporter Weight = 233.15 MT = 257 T (Design Selection No. 5)

R ol ol L

The following definitions and/or formulas are from Attachment XII, Section 4068,
Pg. 1.

Rolling resistance, Ry, is friction from car journals and friction between wheel
treads and flanges and rail. Typical values are 20 Ib/ton for cars with ball or roller
joumnal bearings.

R, = 20 Ib/ton x Weight(ton)
Ry =20 L Ib/ton

HOATAUNALSUTT-VRWPD 3 (091297}
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Grade resistance, R,, is resistance due to grades and is 20 Ib/ton, for each percent
rise in grade

R, = 20 Ib/ton x Weight x % Grade
Ri=20xLx% :

Curve resistance, R, additional friction between wheels and rail due to track
curvature.

Rc/ton = 400 x Wheelbase (f1)
’ radius of curve (fi)

— 400 x Wheelbase (fi) ’
Rc radius of curve (fi) xL

Train resistance, R, is the summation of rolling, grade, and curve resistance.

Riy=Ry+R;+ R
Ry=20L + 20 L x % Grade +300.x Wheelbase () 4 1,
radius of curve (ft)

Tractive effort, TE, is the force in pounds exerted at the driving wheels.
TE = Adhesion x L=KL

Adhesion, K, is the percentage of weight on the driving wheels. K = 25% for steel
wheels on steel.

For the transporter:

R;= 20 Ib/ton x Weight (ton) x % Grade
R;=20Ib/ton x 257 ton x 2.5 = 12,850 lbs
R =20 Ib/ton x Weight(ton)

Ry =20 Ib/ton x 257 ton = 5140 lbs

RC= 400 x wheel base (f2)
radius of curve (ft)

Use 6 ft for wheel base (See dimensions in Attachment VIII,
Pgs. VIII-5 and VIII-6)

x load

Re¢ =4°g+;f' (257 1bs) = 627 Ibs

Ry=Rz;+R;+ R,

HXDATAWNALSATT-VILWPD A (D01 297)
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Ry =12,8501bs + 5140 Ibs + 627 Ibs
= 18,617 Ibs

For the locomotive:

TE=R;+Rg+ R+ Fpp
Where Fpg = Draw bar pull
Using L(ton) as the locomotive weight

R, =201b/ton x % x L =20 Ib/ton x 2.5 x L = 50 L Ib/ton
Ry =20 Ib/ton x L = 20 L Ib/ton y
Re=200x W8 o | 400283/ y§ =337LIb/ton
R 984 fi
Wheel base = 8.3 ft (Attachment XTI, Section 4)
TE (min. required) = KL = 0.25 x L x 2000 Ib/ton = 500 L 1b/ton

Since the locomotives are sharing the load equally,

Fpp (draw bar force) = %2 R;
or FDFW =9308.5 1bs

Substituting in the equation for TE:
S00L lb/ton: 20 L Ib/ton + 50 L Ib/ton + 3.37 Lib/ton + 9308.5 Ibs
426.6 L 1b/ton = 9,308.5 Ibs
L =21.8 tons (minimum required for traction)
= For this operating condition select a standard 30 ton locomotive.
3.2 Determine Locomotive Capacity for Condition B (Figure 2)

Single load operation for placement of WP transporter at emplacement tunnel
!oading dock. For this condition the locomotive is evaluated for two cases:

A. Operation in the Main Drift without curves
B. Operation in the Emplacement Drift Turnout with 20 m radius curve

Qperation Criteria:

1 Trolley power

2. Speed = S mph (Section 4.3.27)

3. Emplacement Turnout Slope = +0.5% (Design Selection No. 6)
4 Main Drift Slope = + 1.4% (Design Selection No. 7)

HADATAMNALSATT-VILWTO 3 (091297
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S. One locomotive
6. Curve =20 m (65.7 ft)
7. K=0.25
Case A
Refer to definitions and equations provided for solution to Condition A.
For the transporter:
Ri=R.+Ry+R,
R¢=0 There are no curves
Ry = 20 Ib/ton x Weight (ton) = (20 Ib/ton)(257 T) = 5140 Ibs .
R; =20 Ib/ton x Weight (ton) x % Grade = 20 1b/ton x 257 ton x 1.4 =7196 lbs
Ry=0+51401bs + 7196 Ibs = 12,336 Ibs (compréssioh)
For the locomotive:
TE=Fpg + R+ R; + R
Tractive effort at impending slippage is
TE (min required)= 0.25 x 2000 Ib/ton x L (Attachment XII, Section
4068, Pg. 1) '
=500 L Ib/ton
Fpps = Ry = 12,336 Ibs
R, =0, There are no curves
R;=201b/ton x 1.4 L = 28 L Ib/ton
Rg =20 L Ib/ton
Substituting in the equation for TE:
500 L Ib/ton= 12,336 Ibs + 0 + 28 L Ib/ton + 20 L Ib/ton
452 L 1b/ton = 12,336 Ibs

L = 27.3 tons (use a 30-ton locomotive)

HDATAUNAISUTT-VZWPD 4 (091297)
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= For the case of a single locomotive operating in the main drift a 30-ton
locomotive is required.

Case B:
Refer to definitions and equations provided for solution to Condition A.
For the transporter:

Ry=Rc+Ry +R;

R =300 x Wheelbase (f}) y Weight (ton) =22226 £ x 257 ton = 9388 Ibs
Radius (1) 65.7 fi
R, = 20 Ib/ton x Weight (ton) = (20 Ib/ton)(257 T) = 5140 Ibs
R; = 20 Ib/ton x Weight (ton) x % Grade = 20 Ib/ton x 257 ton x 0.5 = 2570 Ibs
Ry =9388 Ibs + 5140 Ibs + 2570 Jbs = 17,098 1bs (compression)
For the locomotive:
TE=Fpg+ R+ R+ Ry
Tractive effort at impending slippage is
TE (min required)= 0.25 x 2000 Ib/ton x L (Ref. 5.28, Attachment XTI,
Section 4068, Pg. 1)
= 500 L Ib/ton
Fpp =R, = 17,098 lbs
—400x83f,1 =
RC_ 3 X L =50.5L Ib/ton
'R;=201b/ton x 0.5 L = 10 L Ib/ton
Rz =20L 1b/ton
Substituting in the equation for TE:
500 L Ib/ton= 17,098 lbs + 50.5 L Ib/ton + 10 L Ib/ton + 20 L 1b/ton
419.5L Ib/ton = 17,098 Ibs

L =40.8 tons (use a 45-ton locomotive)

H\DATAUNALSTT-VILWPD.Y (001297)
’
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33

~ For the case of a single locomotive operating in the drift turn out a 45-ton
locomotive is required. :

Determine Locomotive Capacity for Condition C (Figure 3)

Locomotive with loaded Transporter descending down north ramp from portal.
For this condition the locomotive is evaluated for two cases:

A. Draw bar force shared by two locomotives.
B. Draw bar force on one locomotive.

Refer to definitions and equations provided for solution to Condition A.

Operating Criteria:

1. Trolley power .

2, Speed = 5 mph (Section 4.3.27)

3, Slope = 2.5% (Design Selection No. 4)

4, Curve = 300 m round down to 300 m (984ft) (Section 4.1.3) in main track
S. K=025

For the transporter:

R.= X0 *Ra‘fi"fz‘:)" ) x Weight (ton) = 4038: ; fi x 257 ton =627 lbs-
R, =20 Ib/ton x Weight (ton) x % Grade = (20 Ib/ton)(257 ton)(2.5) = 12,850 Ibs
R, =201b/ton x Wcight (ton) =20 Ib/ton x 257 tons = 5,140 Ibs
Ry =12,8501bs - 5140 Ibs - 627 Ibs = 7083 Ibs (downslope)
Case A °
For the locomotive operating in tandem with load shared equally:
Draw bar force on each locomotive =-'L8;ﬂ = 3»542 Ibs/locomotive
Re + Ry + Fy =R, + 3542 Ibs
Fp=R;+35421bs-R.- Ry

L = minimum weight required for braking with 25% adhesion

HOATAWNALSATT-VILWID S 01129T)
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Fp = KL = 0.25 x 2000 1b/ton x L = 500 L 1b/ton
R; =20 Ib/ton x Wexght(ton) X % Grade = 20 Ib/ton x L x 2.5 = 50 L Ib/ton
Ry =20L Ib/ton

Re= 4009—8148;ﬁx1_ = 34 L Iblton

Substituting in equation the equation for Fy:

500 L 1b/ton = 50 L Ib/ton - 20 L Ib/ton - 3.4 L 1b/ton + 3542 Ibs
(500 - S0 + 20 + 3.4)L Ib/ton = 3542 Ibs

473.4 L Ib/ton = 3542 lbs

L=7.5ton

Brakmg force Fp = 0.25 L Ib/ton
=0.25 x 7.5 ton x 2000 Ib/ton = 3750 Ibs

.. For the case of two locomotives operating in tandem transporting down the
north ramp, the locomotive must be 8 tons.

Case B

_ Draw bar force is all on one locomotive
Rc + Ry + Fy =R, + 7083
FB =Rl+7083-RC-RR
R; =20 1b/ton x L x 2.5 = 50 L Ib/ton
Rp =20 L 1b/ton

Fp = 0.25 L. x 2000 Ib/ton = 500 L 1b/ton
Re= 2R X837 1 .34 L tblron

984 fi
Substituting in equation in the Equation for Fy:
SO0 L Ib/ton = SO L 1b/ton - 20 L Ib/ton - 3.4 L 1b/ton + 7083 Ibs
(500 - 50 +20 + 3.4) L Ib/ton ="7083 lbs
473.4 L 1b/ton = 7083 lbs

L=15ton

RADATAUNALDATT. YR WPD.S (01297
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Braking force Fg = 0.25 L Ib/ton
=0.25 x 15 ton x 2000 Ib/ton = 7500 1b

= For the case of a single locomotive transporting down the north ramp the
locomotive must be 15 tons.

3.4  Verify Locomotive for 20-meter Radius Curve
From Condition B Case B, a 45-ton locomotive is selected.

This locomotive will be a modified 'I'ype: 201 Jocomotive with 100-inch wheel
base and 30-inch-diameter wheels. See Attachment X1I, Section 4, rmmmum
radius for these conditions is 46 ft. :

~ The 20 m (65.6 ft) curve radius is satisfactory.

For the 45-ton locomotive:

=TExS
= 35ias (Attachment XTI, Section 4068, Pg. 2)

____500:45:5 =316
356.25

From Attachment XII, Section 4068, Pg. 2
HP = 15/ton for locomotives over 15 tons travelling at 10 miles per hour.

= For a locomotive speed of S mph, HP = 45 tons x 7.5/ ton = 337.5

35 Recommendation

Use a two motor, 45-ton locomotive with motors rated at 170 HP each.
Total rated HP = 340 for each locomotive.

HADATAMNALSUTT-VE WPD.10 (091397
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MP .
\H

ACTUAL GRADE 2.1486%
USE 2.5%

OPERATING CONDITION

WT
250 TONS

TRANSPORTER

2w

L (TONS)

LOCO A

FIGURE 1
TRANSPORT LOCOMOTIVE
CONDITON NO. A
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GRADE-1.4% FOR.CASE A
GRADE-0.5% FOR CASE B

CPERATING CONDITION

MPH
2
Ry
Re
R. jZE::
WwT
TRANSPORTER

L (TONS)

. LOCO B

FIGURE 2
TRANSPORT LOCOMOTIVE
CONDITION NO.B
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5 MpPYy
ACTUAL GRADE 2.14B6% T
USE 2.5%
OPERATING COND1TION
. .
R
"\L‘,‘\Rﬁ\
TRANSPORTER

TRANSPORTER —~ CASE A

FIGURE 3
TRANSPORT LOCOMOTIVE
CONDITION NO.C
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GOODMAN ELECTR!IC LOCOMOTIVES

FOR COAL MINING, METAL MINING AND TUNNELING

COAL MINING RTTERY POWTRED COMBIIUITION: BATTERY/TROUEY
Operating Weight* (™ -0 [T 154on 0-e 13400
Wye Muie T308 Tackuasior 54 7R3 19
TE. 21 25% ADH., s 2.500 5.000 7.000 5,000 5.000 7.500
9% % 28 128 20 )
Numbder of Motrs 1 2 2 2 2 2
1 He P Each Mot 13 a3 41 50 0 50
TE 2t 1 He WP Bs. 1450 3.000 49500 530 340 $.30
Soeed at 1 He HP, MPH*® 47 50 58 7.0 A 5)
Minsmsm Gauge, inches . «Q k3 Q x k] k)
Micsrum Corve Radius, ft 18 3 % s 35 &8
Yheediase, inches &0 89 (] 100 2 100
Whes! Diametc inches * % 2 x [ )
Height Over Covery, in k7] » 3 3 n n
Overal Wieth, inches &4 7 84 75 7 73
Langth why Coutlery. in. 180 fral ]l 28 m 258
“OPpmmng at@t v wry Genaviig B wegft of Dallery whoy
mm.—u—qm-u—-—-wwui.ﬂ
TROLLEY POWERID
Dporsting Weight* ™ THee O™ THm 15 1528 e 28w
Troe 7588 Tonetr e w THonelr m 202
.LE. 2t 256 ADH., s 4,000 5500 5.500 5,500 1.500 7.500-10,000 10,000-12.500
. Voitage =0 =0 0. 0 0 0
Number of Motors 2 2 2 2 2 2 2
"1 He HP Each Motor £ ITl (7] [ [ 100 170
TE. 221 He MR, s 4% 4800 €.300 $.000 158 5% 11,840
S088d 2t 1 He HP, MPH™ 6.4 54 $8 75 59 9.7 108
Minirmum Gauge, nches ] Q ] Q 2 ] &
Minirrum Cyrve Radiug, . i » k)| M k] L] %
Wheelate, inches n 90 68 7] 0 100 10
Whesl Diament nches 2 % 0 F3 * X %
Height Over Covers, in. k" 3 k ) - | 3 42 “
Overal Width, inches & " wes " 7] Gor 70 ST
Leng™h wh Couplers. in. 72 ] a1 187 3 p1) 261 ped
Mwm-:ﬂmm:;n-quwnnm" ,
TUNNELING BOTERY POWERED
Opersting Weigh?® 24mn > ™ [ e Mhe e 20ms Vs e
Wre Tummer Thwm  Mancks  Manchs T30 - 158 1 1348 byl m
TE. 3 25% ADH., B 1000 2000 3000 4,000 5.000 7.500 7500 10000 15000 15,000
Voitsge a 50 0 0 80 200 12 0 a3 0
Number of Motors 1 1 3 2 2 2 2 2 2 2
1 He HP Each Moor™® 55 " 0 0 19 © 50 TS 125 125
TE. 2t Ho WP B 475 - 1.1%0 1.30 2500 P AL 4,890 $.300 3,000 14,000 10.850
Soeed 21 1 He HP; MPH"* 3.7 40 49 49 51 8.0 7.0 (K] (1] 85
Mirimumn Gauge, inches 19 13 ! ] 1 2 A ke » k] ]
Minimurm Curve Radius, . 7 9 {0 " 2 . ] a n aQ aQ
Wheelbase inches b kY 78 7S 54 ] () 64 100 100
Whee! Damen inches 1 BET 1] 2 P 2 £~ 3 R x
Heigit Over Battaey, in. “ Q s - 55 52 60 Q 58 & (]
Ovenall Width, inches na Q lor83 oS 42«57 54«00 ] &4 [ -] [
Long™ wo Couplery, in. T 12 1 144 12 188 21 21
s g syt et wary g © wnight & Ay

.
“u“dm—-‘ql“ﬂmuwh-‘

UUNAWPTRANS RFTATT-VILIS (002T)

Figure 4: Wheelbase Dimensions
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ATTACHMENT VIl

TRANSPORTER/GANTRY CARRIER TRUCK ARRANGEMENT
AND WEIGHT ANALYSIS

A requirement for this analysis is that quantities be represented in Metric units.

Quantities and values derived in the tnain body of this analysis are presented in this
manner. In the case of values carried into the main body of the analysis from the
attachments, however, the information used as source material (such as vendor equipment
data or standard structural steel members) are available typically only in English units.
Because of this, generally all calculations and derivations are performed in English units
within the attachments, with the final results converted to Metric units in the main body
of the analysis (Sections 7 and 8). In such cases the value is represented in the main body
of the analysis first in Metric units followed in parentheses () by the corresponding
English units.

MADATAMNALSATT-VELWPD.1 (3 1297)
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TITLE: TRANSPORTER/GANTRY CARRIER TRUCK ARRANGEMENT
AND WEIGHT ANALYSIS

1.0 PURPOSE

This calculation will provide the basis for preliminary evaluation of the weight of the 125-
. ton-capacity trucks to be used on the WP transporter and gantry carrier.

20 ~SOLUTION
2.1  Truck Weight

From Ref. 5.39:

Various truck components identified in Ref 5.39 are listed along with their weights.
Quantities shown are the number required for a complete rail car. Additionally, for
several components, different grades are listed in Ref 5.39. Therefore, not all of the
components in Ref. 5.39 are required to provide a complete truck. The following
components are required: '

Item . ‘ Weight- Total
No.* Description _ Quantity  Each (ib) Weight (Ib)
1. Truck bolster 1 1,460 1,460
8.  Frame assembly 2 1,030 2,060
9.  Center plate vertical wear liner 1 15 15
10.  Center plate horizontal wear 1 S 5
plate ]
12. Brake beam wear plate 2 3 : 6
14.  Wheels, cast steel 4 830 3,320
23. Axles 2 1,415 2,830
27.  Bearings 4 135 540
29.  Bearing adaptors 4 55 220

Total weight ~ 10,456 Ibs

*Item.numbers refer to item numbers in Ref 5.39.

Round up truck weight = 11,000 Ib or 4989 kg.

KADATAVMALIATT-VILWPD 2 (P129T)
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From Reference 5.39, Freight Car Equfpment Weights:

AILCAR SPECIALTY LISTING EEOR . e el
125-TON EQUIPMENT

- |
NO D§§cmmotd SUPPLIER [ QTY. CH)' o
1. Truck Bolster Grace—B—Steel — Buckeya < 1450 i
2. Center PlataGBowl, 16 {n. . l
3. Jruck Bolsier Grade—~C~Steed Buckeye 1480} :
4. - Center Plate Bowl!, 18 in. riﬂz -+ - l
5. Boister Cup, 18~1/2 O.D. Ast [ 24 ——— i
6. Side Frame Grade—B—Steel Buckeye 8 886 Cabe M. Kastab u;gsmu'u l
7. Tde Frame Grade—C~-Steel Buckeye 8 5 N
(8. | Frame Assembly Buckeye a T
9. Cen.PlVert.Wesar Liner Buckeye
10. | cen.PlLHorz.Wear Pl. Buckeye
11. | 16°Cup Weeriiner, F4838 Astrelloy -~
12. | Brake Beam Wear Plate Bufalo 16 )
. | Bolster Assembly Buckeye 4 1740
14. |Wheels Cast Steel Gnt.5td 5t 8
15. CB-38 Class C BS0
5. CC-88Class C Std. Steel 025
17.
8. twheels Wiought Steel Grd.51d.8tl, -
18. | B—-38,Class C . 830
20. | C—38,ClassC . 925
2t -
22,
23. T Axles 7x12 Std. Stl.
24. Class G Untreated 1415
25. Class G Heat [reated 8) I'1415
26. } ]
27. | Holler Bearings 7 In. x 12 in. Yimken | 18] | 3%
28. i
29, | Bearing Adaptors 7 in. x 12 Tn. Timken 16 55
30. | Hardened Thrust Shoulders ZE

U OMAVPTRANS RFTATT-VI! ) 04297
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The
BARBER S2-HD Heavy

Duty Truck

Featuring CPEP Center Plate Extension Pads
More than 150000 carsequipped with C-PEP now in service...

some exceeding 1 million revenue miles!

Now approved
for A.A.R.
specification

-965-81 —
special devices
to control stability
of freight cars

The railronds and suppliers have
opened new frontiers .of knowleoga
about the American Railrosds with
highly saphisticated monitoting ot
track and lreight car performanca
over 3 wide range of opersting
conditions.

Among the first 1o put this new infor.
mation to work, and ta apply it through
computer models for practical, works
adle hardware is the Stahdard Car
Truck Company. The results are soly-
hons 10 typical train dynamic prod.
fems—guch as 100-len foaded cars
Teaving the rails at low speeds, bounc-
ing at Ngh speeds, and empties

|
i
i

hunting. Sugh yvslustions wdertsksa

e somputer-genersted
An improved Barber 5-2-C° truck s . amptargeneraind
now available 83 8 “Heavy Duty Tandel wond for strees analy.
modsl, or S-2-HD. A stronger naw gen- ois of Do rusk boleler, Sove
tration truck developed from compu- Oral how patentadie festures
ter gimulations and field validated. m"" B ressarch

Enginesred with Barber load-sensitive
variadble damping, the 5-2-HD is the
contemporary sxpression of our
“Tota! Design Concapt.”

-l

For high speed and high mileage ser-
vice, the §-2-HD Yruek suspension
incorporates substantially incraased
demping for both light and losded
cars.

Other imporiant design Improvamants
are in the friction casting. bolster end.
and side irame construction. Thess,
coupled with a repiscesdie balster
pocket wear plate anc C-PEP®, the
center plate extention psds, comprise
the finest heavy duty truck suspension
system aveiladie.

This long spring travel $-2-HD Truck
provides a Wil loag-carrying capacity
with standard AAR load coils and no
supplemental demping devices in the
3pring group, These changes are typl-
cal of Standarg Car Truck Company’s
aynamic modaling, structural finite
slement analysis and service pecior-
mance testing. Taken together, they
have resulted in the S-2-HD Truck for
improved car utilization,

£ _g’;ﬁ.-;-x;'Aiv g 2
R LN,

e A NS A

T L Ay L
RO ORI AASH AT R

=

=N
F

Wit A R -

)

A T P e | by,

PAVLVAVAY>

a;\u\nﬂ"&"\; e

=,

SN AS ST

Figure 1: Reference 4.4.8 Page 492
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BARBER®-SCHEFFEL® High Speed 100-ton Radial Truck
by Standard Car Truck Co.

Figure 2: Reference 4.4.8 Page 495
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TRANSPORTER COUPLER VENDOR INFORMATION AND WEIGHT

HDATAVNALSATT-LXLWTD.| (UPLIYN)



[

ATTACHMENT IX
Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: IX-2 of IX-7
TRANSPORTER COUPLER VENDOR INFORMATION AND WEIGHT

1.0 PURPOSE
This attachment provides a vendor drawing of the selected Willison coupler and the
estimated weight to be used in the structural analysis of the transporter (Attachment I).
20 INFORMATION
2.1  Coupler Weight
From Ref. (5.43), Appendix B:

The rounded-off coupler weight is 79.4 kg (175 1bs).

3.0 APPENDIX

INDEX
Item Description | Sheets
A. Fax from NACO Technologies to Dave Hamann from Mark Benigas 3
5/2/97 with vendor drawing of Willison automatjc coupler No. 35958
(Ref. 542)
B. Telecon from National Castings Inc. to Dave Hamann from Mark 2
Benigas (5/2/97) with coupler selection and component weights (Ref.
5.43)

HOATAUNALSMTTIXWVTD 2 (29D



-

ATTACHMENT IX

Title: Preliminary Waste Package : DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design Page: IX-3 of IX-7
APPENDIX A

FAX FROM NACO TECHNOLOGIES

HIOATAWNALSUTY. WD | 091297 APPENDIX A-1



ATTACHMENT IX
Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design C Page: [X-4 of IX-7

MAY @2 *97 16:17 FR NAD TEDNOLOGIES €M 792 20T TO 912263066638 P.e1x

_NACO Technologies 335 Eisenhower Lane So. Lombard. Illinois 60148

FAX

FoR: rMaRk BENIGAS
MEARoSE PE. SALES
908 / 3444473
Phome: 630/ 751:2010 Ex1. 20
Foz phone: £30 J 792.2018

ADMARXS: O U B fovoxmmew [ Repiy ASAP O riass cormmem

Prtat Recomed: £15953 - Indusral Egsomen Willison Autamane Coupler

Y il

U URAWPTRANS APTUTT XS ©437YT) o APPENDIX A-2
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MORRISON-KNUDSEN ENGINEERS. INC.

A MORRIION KNUDSIDN COMPANY
MEON@M
o vacﬂm‘od‘( ) e 5297
LOCATION: BHO : ™
Ao Mark Benigas COMTRACT OR
FMQ@:L&. w0 Mo 3969
LOCATION: Metrose Park. [linots poTesuTIoN:  File

SURIECT: WhHiisoa Automstic Coupler
For WP Traosporter

Per the informartion I had previously givea Mark and Ray Bedmk at NACO Technologics on the coupler
spplicarion for the ransporter and ramport locomotive, they selectad the following coupler:

Willison Automatic Coupler #35938 for Industrial and Mining Application -

Coupler = 125 Ibs.
TalBotk =310,
156 Be.
10% S.F. =18t
171 Da.
Roxund up to 178 e,

DH/aw

U USAPPTRANS JPTUTTC 0T7vn ) APPENDIX B-2
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=R
1409 Allen Dnive, Suite E SERAP'D Tel: (810) 588-8530
USA, inc. .

! Troy, M1 48083 Fax: (810) 588-8963

BIEDIaD
Rigid Chain Enginsenng

Novexbar 30tn, 199$%

Dave Hamann
M.K.E.S CP=2
720 Park Blvd.
Boise, ID 83729

Dear Dave ‘Hamann:
Thank you for your interest in our product.

The Serapid rigid chain can be used to load translation applica-
tions, and can be seen in the enclosed information package.

This very unique push/pull mechanism cant

-~ save engineering time: 4 clesarance holes fer mounting, standard
product that can be used over:

save installation time; - -

save machining times

save on maintainance: fully mechanical system, nic lubrication
save space.

The Serapid rigid chain is especially suited for long stroke and
high load applications.

Please let us know how we can help.

Best Regards,

Y ’
.)’/P’éé;h&ﬂhl
Said lounis
Sales Manager

Encl

SLika
830t

U UNAWPTRANS RFTUTTX 2 (02TIT)
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THE SERAPID CHAIN : a—wxxrs T .

A FLEXIBLE ROD e e

The Serapid svsiem is quire The Sercpid chain pushes
onginol. in the sense that and pulls loads weighing
stays very compact while a few pounds fo hun-
ollowing 1o pull or push © dreds of tons.

loed honzontally, verncally Operanng temgercfures con
or ot an angle. Capable of vary between O and severai
long travel and posmoning hundred degrees

accurocy, regaordless of Fahrenheit.

weight. When rerocred,

the Serapid chain coils like
a regular chain in

_ minimum spacs.

These teatures are what
mokes tha Serapid
choin excephonal,
with oppiicanons in vir-
tually all industries.

ADVANTAGES OF
THE SERAPID CHAIN :

- Power of a jock.

- Flexibility ot o chain.
- Llimited spacs use.

- Accuroey ond repeatability.
- long srokes. :

- lLow maintenance.

- low cm’.l

. implementation

c:?/ or F|’nst::ll<:tic>t'|.
- Safe

U UNANPTRANS RFTATT-X 3 (MITYN



[

Title: Preliminary Waste Package

Transport and Emplacement Equipment Design

ATTACHMENT X

DI: BCA000000-01717-0200-00012 REV 00
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An indoserisl innovation has made it appearsoce,
bringing revoludensry solutons to the many problems
o!mng:ndpwmmlmdsmaﬂumvbut
limited floor space for handling equipment, maximum
manocuvrehilicy, precise positioning and non-shifting of
loads are required.

Bailically, it is s queston of 1 power chain heving
the original cheracreristic of becoming as rigid when
thrusring as when pulling, becsuse of the special design
of jts links,

By virme of their. shepe, these links have shoulders.
vb:htuzapmxu:hothﬂumdvhmxhqm

. from the drive housing.

Coatrary to ordinary chsins and subject to observing
cermain conditions of use. the chain can then transmit a

" thrust motion as well a3 3 traczive force.

The chain drive itelf is cbuined by mesns of the
mnonofwmpxmwmmﬂvkqdmmthcs}ah
which the_housing suppors. .

For this purpote, rwo rollers bearing on esch lmk
axis engage the teeth of the cwo pinions.

The thrust motion is absorbed by the drive housing
bymmoiasimkdnia.ﬂnui:.ofudiﬁnk
carries, between the two drive rollers, 3 central roller
vh:hmdmoamasmdphmﬁrwdwadedxem
ing. In this way, the links remain ser inside the housing,
berween the teeth of the pinions and the wdphu
which sheorbs the thruit modon.

We hsve thus produced s device opersting with s
thrust modon and 2 wracxive foree by preserving, at the
e

a
szme time, the atticulstion necemary for the chain dri
and its changes of direction.

VUMWV TRAMEAPTATT-X § @¢17N)

e -0

Magazine Hiustrating double recoll feature
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=R
SERAPID

abIabIan
Rigkd Chain Enginesnng

MOST FREQUENTLY ASKED QUESTIONS ON SERAPID CHAIN

Please describe the chain:
There are tws masn components in 8 Serspid Rigid chein syaews
"« The chaim juelf,

- The dtive howing.

mdni-‘umnpuedof:

- Side plates. which arx fine blsaked (or precidem tolerance, The side plates interisck with
udnktnndhnemngmﬁcu-hdmnumdwh&pmﬁemepmbfm
These mating surfaces are called heeh.
-&d&ymn&vmrﬂhnﬂdmmmd.bwmud.lhupmd.
The drive housing is campesed of:

= A drive thalt on sealed besrings,

« Drive spreckens. 1 1o § depending om chain size,
mphmnndenufhﬁmdzmd.pmmw

= Cast hoasing pair for essembly of the abeve.

How does it work ?

magine holding s bar of steel in yoor hand. That is how the Serapid chain (ech with the
heebs (batting surface of finks) at the bottem. Ity ewn weight keepit straight and rigid.
The chain stays rigid under its ewn weight, or the apphied load, becate of the Incking
mement that locks the links 1ogether.

New pick ap the free end and roll it hack. It coils like a conventional chain. This is what
happens through the drive housing. The chain i coiled 99 degrees or 180 degrees to stare it
out of the wxy.

As the chain pashes. it tends te walk away from the spreckets. Thivin why the chein is
cantzined by sieel reaction plates invide the drive housing. The reaction plates are
designed t take up the resction 1o the pushing foree.

What are the two holes in the front link for ?
A pin i installed in each hole 1o attach the froms of the chain ts the leed.

The pin which it in Fine with the rest of the chain pins is med for puiling the load.
The sther pin, which i in line with the chain beels, il wsed for pucking.

SERAPID
USA, ins.

. 1408 § Alan Oveve * Troy, Msfpen <0083 .
Tok @10V S85-4KX) » Puc: (810) S20-0083

" YUNAVPTRANS RPTATT-X S a1,
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5
SERAPID

_r——-
Rigid Chain Engtnaenng

The purpace of the pisshing pin i te ensare that the chain bocks up during pushing, by
enmring that the reacuon {rnm the Inad enmes hack along the chain heels

Does it need a guide ?

Na. The chain i designerd 1 nperate witheat a guide, 3 loag 3 the Inad locks up the chain.

The chain i lesignesd tn excert a (arce along it heeks when pushing. and along it pine

when pulling. No €de lnad on the chain is allawed,

A guide it anly reqmeed if: '

- The chain may he subjeet te wile ar excentriclnsdy, -

= The laad i nat centered on the chain. o ix dilficult ta lncate.

- The reacusn {arce from the bosd (when pushing) iv net along the chain heely

= The travel it 1na lnng m relation 16 chein sze. For exemple, for 10 feet of iravel. uing a
guisle may allew the e of 2 48 pitch chain, wherea without a quide. 3 69 pitch would be
rewuired.

Nate: Gusirfex when wed 1lo nnt have 12 ron the fength of the stroke. For exemple, {or 10
feet of travel. 3 feet only enuld be guided at the begining of the strake. ar 3 sectiontal |
loat lang guides enuld be uved at rendem aleag the stroke. ete—

How much can it push ?

1 daN = 2.2 1bs.

Neminal Pudv/pull forees range frmm 118 1ln fae the size 23 (plastic) chain. to 10108 (i for
the 9] chain.

The smallest steel chain ix the site 0PS. with a num:! prsh/pul lncee ol 1650 1l

. Whati meant hy aaminal ic

° 10" ol uruke,

* Low speed (up to 10 feet/minnte).

* Imermutient duty.

® Rertxontal trandatien,

Lamger strokes. higher speede. thacks present. heavy e, ele all reduce the nominal
ratimgy,

AR sbave rating parameters acoumulate.

Plesse call the (actory for application enmeemgmm
SERAPID
USA tne.

. 1530 € Afon Orive © Troy, Mshigen o00R3
Veb M1/ SA5Y) ¢ Savr 2 1A PRI
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§°Rs
SERAPID

aplaoiao
Rigid Chain Engineenng
Seme rules of thamix
When the chaia is guided. nemvmal capacity remaims regardiew of ureke,
In kifting applications, eut sominal capacity in hall,
When the stroke is dobled. eot the chain capacity in hall,
Whea the chain is unguided and unsupported. cut the eapacity hy a third.

How fast can I run this chain ?

There is e actral fimit to the tpeed of the chain,

Bat ke any mechanical syvtem. speed means facter wear,

Seme precastions cxn be Laken ta improve the wearability of the chain and enmpenentsin
high speed appliaation. like amping the speed up and dawn 1o sveid shacks.

"Please conwilt [3c10cy far application engineering zwistance.

How do I loop this chain for storage ?

Plesse look at the first page of our specification sheets, Shewn are typical steczge
confligurationy, sr chain retoms,

Semply, the chaia must be siored where space i available.

The mext commen chain retarms are # 2, S, and & All these chain retnrns have s single lvep
starage, and sre free. They offer the advantage of redoced siscage space. and yet domot
require a guided storage magazine. The end of the chain i simply attached back to the
drive howsing, and the chain sell supports itsell. .
Please see page 12 of sur spece. sheets for dimensions.

Il the space availsble is still toe small. then a multiple loop storage magazine it required.

Does the chain need lubrication ?
Uszally net. An sccanienal oil spray helps keep dudundmnlfmfmm
In bigh speed and/er high cydes applications, it may be necesary ta labricate for heat -

dimipation and redocing [riction between miling/liding components.

How do [ select a chain ?
The main parametens of chsia selection are:

« What ia the force required 1o meve your load,
« How {ar you want te mave it,

« How (2t you wast to meve it

SERAPID
) USA .

. 1400 € Alun Orive © Troy, Minreoen 40053 4
Tot @103 5888830 ¢ Fax: H10) 650000

U USAWPTRANS RPTTT-X Y (009N
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»
=5
i USA.le
apiaoiaD
Rigid Chain Engmeenng
Plesse check other factor involved in determining sctnal pish {arce. 2s shawn in “how
much e3n it puch” paragraph. )
Please ill et eur application questionnaire, or eall the {actory. (her Application
Eagineering Dept is always avaslable to axsixt yna.
Fellswing sbave “rules of thumb" will sha wark. Lut please verify your sclection with our
Application Engineenng Dept.

What torque do I need ?

Onee the thruu (push/pull) (arce i determined. and the chain selected.

torguie = (inJbs) s force (I1m) x sprocket pitch (in) : 0.8 (ilrive efficency).

In rolling load applications, plesve remember 1 indude aceeieration and decel. laade.

How do [ calculate Serapid shaft speed (RPM) ?
Transdation speed (feet/mn) x 68 2 pitch perimeter (feet) = Shalt RPAL

Pitch penmeters: .
- Sean 25 chain: 0673 (eer.

Stze 40 chain: .524 feet.

Stzn 60 chain: §.236 feer.

Size 90 chain: 1.254 feet.

What motor horsepower do | need ?
HP at the Serapid drive shaft = Torgue (in-ls) x Serapid shaftspeed (RTAD) : 61008,
To sbuain input HP, the aheve {igure must be devided by reducer/matar eflicency.

SERAPID
T URA o
v LOATNeOw: T on

e #ua soce

UISAVITRARS RPTATT-X § 087797)
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RIGID PUSHING CIIAINS SPECIFICATION SHEET |
PITCH 90 mm - TYPES S - D and 3G PAGE ¢ :
TYPES 3 ond ©

Seamp ¢an e enasusd ool B0

. TYPE 88 wish sellen

Tat: (810) 588-8530 SERAPID 1408 Allen Orive. Sulte &

Fax: (810) 388-8083 & Troy, Mctugan 43083

VUSAWPTRANSAPTATT-X 18 DeIT)
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SPECIFICATION SHEET 80° and 180° DRIVE IHHOUSINGS
PAGE 9 fer SINGLE CHAINS . PYTCIIES 40 - 80 and 90 ma
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ATTACHMENT X1

GOODMAN LOCOMOTIVE INFORMATION

NOTE: A 45-ton locomotive will be similar to the 35-ton
locomotive shown except that weight will be added and
higher horsepower motors will be used. Only data sheets
for the 35-ton Iocomotive were available.

HODATAMNALTATY-XLE (9 1291
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STCTION 11078-A, Page 3 '
July 1973 m BUNRS WASHRSE SALES MABYAL

K]
COAL WINING

35 TON-4 MOTOR TROLLEY LOCOMOTIVE

FOUR 201 MOTORS ~ SO0MP BLOWN AT 250 OR 500 VOLTS - STANDARD ENCLOSURE

Photo #2384

TRUCK FOR 33 TON LOCOMOTIVE EQUIPPED WITK TWO GOODMAN 201.11SHP MOTORS. THE BLOWERS
FOR THE MOTORS ARE MOUNTED ON TRE TRUCK, MAKING CONNICTIONS TO THE MOTORS MUCH
SIMPLEIR THAN IF MOUNTED ON THE MAIN FRAME. THE CEXTER BEARING, UPON WHICHE THE MAIN
FRAME RESTS [S 11" IN DIAMETER. SIDE BEARINGCS PRIVENT ROCXING OF THE LOCOMOTIVE AND
HOLD THE MAIN FRAME KING PIN IN THZ CENTER BEARING.

UUSAWFTRANSRPTTT-X12 0017
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ATTACHMENT X1
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Thete #2134)

TOP VIEW CF LOCOMOTIVE ILLUSTRATING DUAL

VUNAVPTRANS RPTATT-XA 3 0e77en

"". e |....uu.|l"‘-? -

ﬁ A |\|\u\\\.\n.\" ”
’%m DU h

CONTROL CIRCUIT. ONEL SLT, (REVERSER, CONTAC-
TORS AND RESISTANCE) ON EACE SIDE OF TRE LOCOMOTIVE CONTROLS TWO MOTORS. TOUR $AND
BOXES ARE CLEARLY VISTBLE, HOWEVER, EIGHT SAND BOXES ARE PROVIDED.
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MIDWEST RAILS, TRACKWORK AND ACCESSORIES CATALOG,
MIDWEST CORPORATION
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THOMPSON SAGINAW, ADVANCED LINEAR ACTUATOR GUIDE, CATALOG
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Advanced Linear
el oration Actuator Guide

1600 Commerce Avenrue

Beize. Maha 13701
(2081 3426583 Fox |208) 348-7706

The complete selection guide
for linear actuation components

EF”’! 2] mear Actuator Tecnnoiogy
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Engineering Support

Thomson Saginaw products are engineered to workd class :
perdormance sundards. 30 that you can specy them worddwide,
Ths Engineenng Secton provides charts, formulas ana techmical
nformaton for:

* Load consderatons for horzontal and
verdcal mounted appiications

v Bal screw e
® Operatng speeds
* Colurmn suffness

Design Formulas .
Thesa formutas alilow you to calculate a number of important factors which govemn the sppiication of Thomson Saginaw baf screws.

1. Equivalent Operating Load

Fa SV FPs@FP+q(FP e .. aFP Q. = Proportion of Stroke or Cycle at F,
=N . F, = Increment of Load (it
F = Equivalent Operating Load (b))

2. Bal Screw Life (L)

L . .
L:(g)’xl.inw:hesof L= C = Rated Dynamic Load Capacity (ib,)
F LU F = Equivalent Operating Load (Ib,)
L = Ufeinlinches
L, = Life (hours)
n, = Average Speed (in. x min, 1)
3. Rotational Speed Required for 3 Specific Linear Velocity

= Jravel Rate (in. x min."!)

a
Lead (in) n =fmpm

4. Machine Service Lite -

After ball screw e (L) is calculated, apply it 10 the loflowing formuta 1o determmine machine sarvice lite.

Mach . L

e Servce Lite (in years) = {machine operating hours) - [Gaysiyear) - (bau screw operating hours)
machine operatng hours

S. Torgque

& Driving torque: T,= SZP 20477 xFx P iy xin) F = Equivalent Operating Load (Ib,)

. P = Lead (in)
. . © e = Efficiency = 0.90
b. Backdrive torque: T, = "‘2,’:" € L 0.943x Fx P (I x in.) T, = Deiving Torque
(conversion of linear to rotationa! motion) T, = Backdnave Torque
6. Power .
FxP . __n F xPxn HP
Per  Bve 6302w - d5eax16s P :‘:;‘:"( )

1 .
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-

Life Expectancy for Precision Non-Preloaded
Ball Screw Assemblies

Load for . Load kor
Aligy Stesl Screws Staniess Stael Scrvwy
N L] ®. N
00 000 200000 35000 160.200
3 ~
413500 12300 :looo 30.100
36600 30000 4200 64080
%7000 60.000 10800 38080
173000 40.000 7200 32040
133500 0.000 5300 200
29.000 16020
24 500 8010
34,600 6.408
26700 4805
17500 Ja4
13350 2403
8900 1602
1450 80
150 - sl
2670 481
170 0
1315 w
830 180
a5 300 * XC- 259CY 13 ]
56 30 $00- 200 2] 6S
BT 0 5312900 500500 LU
173 EL 311000 -~ 7 R
k78 % 750- 200 KW ) R 1 u
- 2 175 125C2) e 15
375125
1R CacIOHy)
[ 10 I75-1235Cn 2 [

A .
=3 8 838 88~ N vy aa= N v weeg R 8% 3&8

Life Ex|
{1 = 1.000.000 1. = 25.400.000 mm of Travel)

Example: Apphication lile expectancy (total travel) desired is 2 million .,
{50.8 miion mm).

Normal operating load is 10,000 1. (44,500 N).
All screws with curves which pass through or are above ana 1o the nght

of the plotted pomnt are suitable for the example.
To order, call 517-T78-4123
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N00n Lopets FEME W § PR Scites WPl SSI FURCS U5 01 WM SIS PP ¢ PUTI TIAYE, 7P Ay § BT ST R e T o 4 ROE” AL Ivdier Tosnne @IY 19
Vsennen @ Nurm raere ux THOMION 4 SymE 4 Su v § Puss ¢ Foasnert 00 0 & SR ST
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Typical Ends

ends shown below ¢an be machined on 2l ball scraws’
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Typical Ends

he typical #nds shown below can be machined on 3l ball screws’

. Tyoo M
2 Dall spfines”. Specific cimensiona) data 13 provided 10 the chart. Fix o Sumwart { .
Sraded 2702 represents the extension requered for a keyed Crve Proisonnd Baors) .L
couping. _ Teet eI FTR ’
et . Sumene Scoeon 1111 l Sl ]
S Sub0ent i
i"urj—? %‘d\ .—; ! -I«
4 Lok et a |
g+ | a :‘.‘ ) * Troe W .1—1
Locs A el 3 I !! . H ’ !
. Twed 1 ' G B .
T [ t . [ 3!
Hel=== | ~t o .l
T o = o L= :
L U oo ¥* Tee' . Dieveren Comeumn Tpe N
Tywead Jaurreal for Vol dmervesd e Yypaal Juurnal for ® ot Configwretorn Tywut Jorrnat tur Plhow
Bngls & o gt St of Driimnd onlled ¥ . Beck
AT? Gaungs & Outels bt
o, O Sowtng Shaatny Sgveierd Weduwe hd
e | oo ~ oy
=X saved| A | | t A q t 4 ] ¢ Putia 4 [ [4 Conlry A ] ¥
" OR20140 [1300 OMC QIS6] 151 €% INT | a2 OmE OW4 g 1 2 Retet e
AN/ £ ; .-
g omfexos r1sm e amm]ame wxm e | 2ra v v _;ﬁ g ¥ T 1 V. RIE ip-13 -7
@0 J00[0M00 [19T0 07X 0314] 23 1S OKQ | IM9 1S 1290 die VR 0 Racd .
w-nag LAniat /e 14-11-97
a9 O0[0MM (150 4T ens| 1M 108 AED | NS VA a8 5 ﬂ Y ON Aaded-
@ 200[ 000 (2110 000 03| 2% 124 2TM | IMT M 1SM e a _:_a vieng o - ﬁ 1.;.:&!
o 1xofoMor (2010 Ane Qe | 29 1206 aTW | 1M 1w 1IN g .a W \e = s a |:’|J|g|
T 20000547 {1670 €M Qa3 | ING 130 oma | 30 e LT Mass a ﬁ 1AVe = by -] % ".l.n;;l
0 SOSI1GSTS {16 48 QD | L0 130 Oam | LI L0 17X TRt g g N = un E U‘I'l"gt
€3 200[0T50 {2231 410 QT LTS 130 0% | J6 13U 188 TROS ﬁ ‘ﬁ Wavie x -] .Ea r:l.%u
00 2o0]ctex {237y 1m0 0sat ] 2 vgct ttar | cmm ZnY 104 g m Rl TY ] » 1y ] ﬂ :‘:c':&a
100 2501000 2378 1080 0SSt ] 2906 tEtY t127 f 6028 I3 12+ TRIAST E ,ﬁg IR e s m ir:l‘-,;!
W SofoRw |23 LMo as; pe it i3t ! 428 2N3 14 TRaw E ﬂ ¥its¥n k- e .m 3’10'?.@
1000 1300 ] OR200 ] 2375 1060 0851} 22 140 13 1 4228 2r) 2204 ey ﬁ ,;E’ eI R 204 b 241 ] ”m 1’:('%!2
10 200)1o0s F2e 110 8Sm | AMm 1w | se3 28D 2 ROm ﬂ ﬂ Rl TE - x 3 0 '.a lﬂ;:
t37 413138700 | 2375 1060 9389 ] 2508 By v | sczs I3 2204 TRaSY ﬁ _YH Y x4 2844 m J:l'l’:n
o0 200]1.4t0 |26 1128 0w | Jam 10 LM M 20 @2 ﬂ ﬂ Y2 % :.!ld. "E .:1'5,:
1250 500] 90490 ] 3580 10 Q081 | 320 A I 440 2m0 22 m ﬂ Ny xs 1180 lﬁ l.»l'-‘;t
1500 200] 147 | 1970 1190 04X | IED W 10 | dmm 308 28 lﬂ Hﬁ Wsta x 1R H*g 9:"%!
PR 2 10 P2 0 QX ] 3000 IO 120 | 4 100 20 mhy xﬁ ';u vauin s 33 H{% s:c'-‘_’&cn
1500 50|20 |25 110 QEo | 300 1790 1200 | 4B 300 2N TROM !E Hm 9%} -] 1% u !‘u'-,;;l
1R e faue 11 g o o m [ 2 e men [ #4 swem xws lame HEE VRS
1500 1073] 11980 | 2970 1100- GO0 | 3000 1790 1300 | 4800 3050 25 Lg H}H vy b 129 Hﬁ l.:t.na
1050 201003 | 3830 1400 0908 ] 4558 2368 N2 | €33 a7 JEn Hﬁ % EATEE -3 x4 “n }‘m’;g 1};;;&
130 20
%g'g 10500 | 3700 4540 0984 ] AT S ha ] M2 M 1T TR HR *,m b ol YB -- x» (3 % l:l;&l !
- 1]
150 250|100 14540 1630 1001 ] S823 2T ] T A2 422 T %;H ;_m Ny n L) "'_% "1‘-’:: N
150 002320 | 4% teae 1083 3623 LT 2ve | PTa 4ST2 4262 M H2 }a M bil ) s\ % ‘;’l'l‘
L3288
1 1580w Jss0 s rm e aom 202 | e ssu s OB wew m |rm HEORNN
a0 1000] X3S | €950 1200 15N | LS 3T 300 | SIS LS 008 ig Hg Yz e 508 %& l‘l“gl
0000 1000 | 51008 | 85906 3348 2204 [ 1087 SEXY 457 | Mg WIN §IM ﬂg Hq (BT ¥ m 1530 Hﬂ; ':334
:hhmnlwmmhuuwwwmm Sos Ouck Miownr® Dadrwng Sueoon DioKs on sage 75,
T rowoe Kor DeaTgs weth Wi CA0MTy TR 1050 Ivedatne 1 Twse lOCH 0101, SCA0K0N €31 Do uBd 1D NOSEM TN GaMete. Yo call S17-T764123
. . order, o
N w——— P
T e o 1 et Mesen St BTt PUONCD o . At St Pt { PO ¢ SPPN § Ses Seent S et (D THOMSON SAGINAW n
Eten @ Terms TR 5 HOMEIN 4 pnrw 4 0u U § Punn v 7Eween R e 4 SHe BwTes

UVNAWPTRANS RFTUTT-Xa § 002047



(=

. o : ATTACHMENT XTI
Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design . *_ Page: XII-22 of XTI- S0

PCS

Precision Thread Screws

Precision Screw Stock

» Le3d Accuracies:
004 in/h. sccuracy standard
002 inf. accuracy available
001 n/R. accuracy svalatle

—

- A B8
Root Maxirnurm
Bal Laad Part Digmeter Weight
Circle fin) | Dirsction | Number fin) Available {ft) | #b/in) | Use With These Ball Nuts w/Mounting Biocks
187 050" AH 7821634 140 -1 008 7821632, 7821603 NA
062" RH 7821633 140 1 006 7821579, 7831631 N/A
758 125 RH 5707538 300 4 028 STO3574.5707502 NA
JI25 LH 5708512 300 4 026 §708282, 5TOI5T6 " NA
J25¢ RN 5706540 300 4 026 $708578, 5707643 NA
A28 RH 7824974 285 4 .026 1824873 NA
.500 200 RH 7828721 360 8 040 7826721, 7826763, 7823871 NA
500 RH 5706740 360 4 042 $707506, §709582, 7826767 NA
500" AH §706845 360 8 042 5707644, 5709584 NA
631 200 RH 5707540° 480 6 069 7820827, 7820958, 7823584 7824184
200 LH S707541° 480 ] 065 7820828 7824154
200" RH 5705378 480 6 069 ST07645 7824154
BN 1.000 RM 7826712 .505 6 069 726713, 7827531
750 200 RH 7824298 500 [ J21 7824297 7824155
200 RH 7826770 825 ) A28 7826768, 7823870 7824155
S00 RH 7824361 530 6 431 | 7824358, 7826931 7824155
875 .200 RH sT08859 | - 735 12 148 5704277, 7823585 7824156
© 1.000 250 RH 7820426° 820 16 183 707508, 5700348, 5708278,
5704167, 7823586 7820157
25 | W 7820428 820 16 a8 §707535°, 5708284, 5704168 7824157
500¢ RH 7824250 830 16 183 7824286 1824157
1.000¢ RH 7820429 220 16 483 5707509 1824187
1.150 200 RH 7820430 1.008 15 285 5701566, 5704270, 7823587 7824158
200 H 7820431 1.005 16 265 7820207, 7820206 7824158
117 413 RH 7820432 270 16 231 5707511 7824157
1.500 250 RH 7820595 1.320 20 - 432 5709587, 5704271, 7823588 7824159
250 tH 7820596 1.320 20 432 $701590 . 7824159
AT3 RH 7820597 1.140 20 a7 $707513, 5708345 (XW) 7824159
500 RH 7824253 1.140 20 39 7824246 7824159
1.000¢ RAH 7820558 1.140 20 a1 5708280, 5700658 7824159
1.000! LH 7825525 1.140 20 373 5701895 7824158
1.878 °| RH 7820599 1.188 20 438 S707654, 5704272 7824158
2250 .500 RH 7820600 1.850 20 508 STO7516, STOB3AS (KW), 7623580 7824160
500 LH 7820602 1.850 20 9086 $704000 7824160
1.000¢ AH 7820504 1.850 20 906 S704555 7824180
2.500 250 RH 7820606 2.320 20 1288 5703243, 7823590 7824161
500 RH 7824262 2.100 20 1167 7824138 7824161
. 3.000 680 RH 7820607 .45 20 1.635 §707519, 5708347 (KW), 5703048 NA
1.500* RH 7820609 2480 20 1.610 5704336 NA
4,000 1.000 RH 5703262 3338 20 2.869 §703258 N/A
6.000 1.000 RH 5704762 5.220 20 6.830 5704738 N/A
Longer longthy svadadie o0 request, Comtact fuctery.
* Starvesy Steel
* Muibole Start Theaat
Vane Prced
XN} Koywrry
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Transport and Emplacement Equipment Design

NON-PRELOADED BALL NUT
ro e o 4 21900 .3 VD
),
l-‘-. e
T
=
,I@ l ]
WIPER KIT
Ball Max Ball Wiper End
Circle |- Ball Nt Ball Screw | Oynamic Statie Nt Fangse Wt Block
Dismeter | Lead General Part Part Load Losd | Weight Part Pant Part
{size) (in) Oaescription Number Nurnber W) ) (.1 Number | Number | Number
3.000 1.500 RH, NP £704385 7820609 53646 | 2536817 | 27.20 | 5707575 | Sv(2est’ NA
° Brah-type wper lormed Mnm-sm&-M:-wu-u_w—..-o—m:«:mm-uwn VCTeE308 length 3t Sech Dy A3
NON-PRELOADED BALL NUT FLANGE
,-i ” S 7. 1P 3 D
L.
- 1 i
T .
e ..l L N [
-l o
I - )
[
WIPER KIT
Bak Max Balt Wiper End
Clrcle Ball Nut Ball Screw | Oynamic | Stxtic Nut Flange Kit Block
Diamater | Lead Genenral Part Pt Load Load | Weight Part Part Part
(size) fn} Description Number Number @) (ib) M) | Number | Mumber | Number
4.000 1.000 RH. NP 5700258 §703252 85.758 476970 | 5350 | 5300307 | 5303306 NA

* BN IYDO wioer: Tormed foll v akadis (STOAXST-RI; wagar Oid =4 §52 in., el 000 i1, cotirr Gh—4.740 i, Increanss lengih 2t sach enc by 00

T 10eedainsnt 5o S 4 Bt DILEIED DR Sulints S 50 MRS gut A TESEE. § 4 70 GATPUSY ¥ 0 PURG AT ¥ Gy O Sttty
Putnss (APrun PUBn W ¢ Gt MW $P0 Waiint SUEL @0 b ASNA S Ul § PURIR SIL 4 VDAY ¢ MRS S MR APAEPTL
Tommen ¢ Numu mesrwt og. TOMICR ¢ wpasnd 2 ooy § Pust o Tossmge Oliss 8ng & Sue tnsmnas.

VUNAWPTRANE APTUATT X0 2 0K09T)

To order, call 517-776-4123
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All Steel

7 - | Stock no. 140

Sprockets  134” Pitch

Single - Taper Bushed With Hardened Teeth

WNe, caTALDG. S
Li110 0 I A
w5y i
3] . S1408TBIH . B
13 1rowee]
" - 108TE M- | R
15 ). HOBTBISN
1w | Swuerewe] 3
17| -“reoemsine | £C
18 §. 1e8TRH T
19 | . $408TBIN
2 | rommrm| 0
2% 1008TEIM 0
He
—_ 14
¥ 'T'
(o4
IYPE B TYPE C
Single - Taper Bushed
= 1 Diometer Dimensions Welgh ASS )
Ne Catulag Owteige Prch | Mes. Awn Bushing
Toom Shatay | Bushing | Diameser | Clameter| Bore | L [ Troe Ondy Owty
7 | seemrmnz| 297 ) 8762 |27, | I* ey, [ 10 35
23 | 1409TBIS| X020 5150 113 |3 b s, 8 80 8s
‘4 | 1408TRI4| 320 ayis 7884 13 2 s, 8 100 8S
'S | reters| X0 283 | saiz )3 2 s, [ 120 63
% ! eoeTIne| WO 9.042 897 |3 2 [ B 140 | .68
V7 1 romTRIF| X0 | 1041t 9524 )3 2 Y, 8 180 65
8 | veomreee] 2 | rw9rs | w03 2 s, 8 100 65
'S | veoBTeTe{ 320 | 11837 | 10632 (3 FH 51, [ 20 (1]
2 | wuoares| 3020 | 12880 | 11742 |3 2 s, ] 20 65
3 |1cmrem| %20 | 15483 | 14518 ] 2 1, ] Q0 “
13 | racress] 3535 | 20404 | 19523037, |3y, Y, c 780 1
5 liecTees] w40 | 26079 | 25.087 |e I v, c 1100 2
&0 W | Ju2 | B 4 . c 1840 7]
L» W | s0017 | 29.008 |4 4 . c 200 2

E?S

T INPRPTIANE RPT ATT- X1 662400
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-

All Steel

Stock - No. 160

Sprockets 2” Pitch

Single - Taper Bushed With Hardened Teeth

c

il
'l-L—I

i

Ne CATALDG S
HITH nunsER A
n 1008TRIH 8
12 1008 TB1IH E
13 1008 TR 1IN
e | tecersen | R TR
1 WOBTBISH | - »
1 toaTRien | L —
17 1008 TBITN N s
1 1908TRIEN 1 )
1 10RTRIN 0 i
n 1808TRIIM
2 warznn | 0
1
He
11347
~
11358"°

TIPE B TYPE C

Single - Taper Bushed
Otarmowr [ Weignt (899
Coming Owvoege ek | Mea, [ Bustwry
Tovth { Somar | Sohing | Diesmsser | Diomoser [Bare | L C Type Oniy Oty
111 08TeY] 3317 8011 7099 J2u, | 1y, 'y 8 2.0 3
12 | 1e087T812] 220 084 rrar |3 2 8, -8 1o (£}
3 | iwoeTeIy) 2020 9334 8387 13 2 89, ] 130 .S
14| 1008TB14| X0 9983 e |3 2 8, 8 1.0 (X3
15| we0uTRIS| 3338 10008 9.620 {31, | 3%, o, [ 230 140
18 ] 1008TRIG| 3339 11295 | 10252 |31, | 37, [} 8 229 140
17 [ reourei7| 3333 | 11809 | 10888 {3 | 3, e, ] 320 e
151 1008TEIS| 3838 12943 | 11918 139, 1 3% ' [ 210 14.0
» 1 eoRTEIN) 353 12488 | 219 |31, | 3, Y ] 00 140
| wowret! 3503 14470 | 13408 {3% { 3%, (13 [] 0 140
a | 1oaTRae| 3538 17871 | 16.983 [3% ] 3, ", B “®o 140
B l1ces| o0 | 2 | 2ang ¢ 4 ™, c 1" 140
43 | wocTaae] i | 29802 | 20071 4 4 ™, c 100 20
O | ecTase] ases | 39062 | 3ads fay, ey, ", c m 29

V UNEWPTRANS RPT\ATT - Xa I 02047
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LOCOMOTIVE GENERAL DATA

LOCOMOTIVE STANDARDS
Informauion Below was extracted [rom Nationul Electrical
Mandacturers Assocuation Muang and Industrial Clectric
Locomotive Stantards,

TROLLEY LOCOMOTIVES

AOCOMOTIVE SIZE: The locomaKive size given watons shall . NOTE

Bethe locomotive ¢ £210d weigN Peady (O ODerate. with standard 1. Slow speed shall be defined a3 $ mues per hour or less.
equipment. dut the Pated weight SR AOL ¥iclu0e the weighs of 2. Whue slow-speed locomotives call [or less horsepower
Jaitional equipment OF 3CCEEB0T IS, per ton, yet the eecduced DOTSRpOwer Ly the result of the
reduced speed, leaving the tOrque required to develop the

[

weight of locomotives shall be:

runaing drawvdar pull of the locomotive the same as at .

; The tolerances i rated
standard speed. Thus, wixh the same ear reduction and

4 and € tong 10 Perceat whes| ciametsr, e 3ute OF Oversll dumensions and weigix
3. 11 and 13 tons & Percent of the motars st slow speed are essentially the sameas at
Over |5 tons 6 Percent standard speed. .
WPAR PULL: The drawear pull in pounds or 2 strasgat IQLERANTYS IV LOCOVOTIVE SPEEDS:  The tolerances
and level tracx with dry. clean ¢aus $nall de celermined 33 in stanaarg speed of Jocomatives shall be:

follows:

1. The runswng arawbar pull with stee] tread woeels shall be
235 percent of the rated weight of the Jocomotive.

2. Thestarting drawoar pull with sand ang steel read wheels
shall be 30 percent of the rated swige of Whe locomtive.

: The standard horsepower per (on
Of £ated weight Of 2 raOROr locomotives saall be:

Up to and tacluding 13 toag— .15 percent = plus OF minus
Over 13 tons 10 percent - plus or minus

LRCOMOTIVE RATING: Locomative rating shallbe basedupon
the rurning erawoar pull 3ad speed i mues per hour. Thus
spowd shall be determined at the sunaing crawdar pull from
MOtOr performancs Curves. maxng in allowance for loss of
tractive ¢{fort for #ach spur Cear IFAASIDITSI0OA N accordance

Up 10 3ad wcluding 6 toas 10 ¥P /ton with the following table. and further allowance for 103s 1n
11 tons U@ 1O and 1cluding 1S tons 12 HPtom journals, flanges 2ad all other 103328 Of One percem of the
Over 1S tons 13 HP/ton rated weign of the Jocomot ive.
INPCT CEAR LOSS
h ¢ TON: The tolerances * %t Of One<bour Rating ‘¢ Of Input
W sundazd MOTSepOwer per 10n of rated weig™t of 2 méxor 200 2.3
locomatives shall be: 130 2.3
Up 10 and wncluding 13 1ons e 13 percent « plus or minus 128 2.5
Over 15 tons 10 percent - plus or misus !'?: ::
’ NOTE . 0 2.1
A locomotive having mOre than stassard hoesepowe? per toa H ) 3.2
may e eXpected 10 eNCeed US Pated Wweight, depending upow [ 4.4
the amount of excess horsepower over standard harsepowsr, 30 6.7
A locomotive equipped wizh the stancard horsepower of the % 3.3

LeXTIATPer S12¢ may De expected to weigh 13 MUCh 19 the next
larger sige.

i The stndard speed of locomontves
3% runnaag arawoar pull for s1esl treid wheels. shall be:

NoOTE
The word “transimtssion”™ 13 delined (0 mean contact between
L8y 'O gears.

Tp t3 2124 inciuding 3 tons S MPER TING: Standard voltages small be 230 ang 300
11 tons up to Ing ncluding 19 tong 1MPH volts direct current.
Over 13 tons 10 WP

“The following tabulazion is 3 consolidation of the above tafarmation:

Locomative Rated Weught, I . Total Horsepowsr |  Lecomotve Soeed,
. Tons ° per Locomocive H Miles per Hour

Standard _ | Yoterance Sundard ) __ Tolerance s Sunoara ¢ Telerance
. 4 3.8t &4 | 40 Jdw o I [} | S.1tw6.9
§ 3.4t 8.8 ¢ (1] Si1to0 89 3 $.11086.9
] 4t 0.6 I 10 68te 92 I [} , S.1t08.9
1 l 1011y | 132§ . ¢ §.8c0 92
13 W.0016.2 . 100 153 t0 207 1 €.3t09.2
20 ; 18001202 H i 270¢s 320 134 oty
s fosans A 'S8T0 M4 H 10 91
n 34.81039.2 558 . 300t 812 1 to 1 3 ol
10 17 v & =52 | 87825328 1 10 1 3 2t

NOTE

L. THe $01E20T 50043 1P €2€7% weiIMt €135 reflects the Lest 3ale doved. s Jetermined Dy Jenerl cperatiag practice. {or
IhE Mine CINGIIIAT LAALE ARICA NEOMELIveL of %8 T1348 are uSea. The Riguer peeds {or 23rges locometives reilecttte
£3Ct TRAT Ihey 2f@ 240C 10 Jar7er MInes  VuA reavies SEIAIFL, ArS IROLP COAMIIONS WAICH PEPMIK Alghe s Xeriting speed

1th ceagmiole salee,

S, The IDCYE TA122aNCes Make 2lOWASCE 27 SanufaSturing And SeSIgN YALIINOAS.  SINCE 3 [GCOMOtIve Ras 3 Oe{iniie rated
2rawvar puli. aorsepover tolerances filaw tne corresponding soeed solerances,

Superseaes Secticn 4060-3. pages § L 2 daced Maren 3971

VUNAWTTRANS IFTATT Xa 2 (06407
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SECTION 4083, Page |

LOCOMOTIVE CENERAL DATA
TROLLEY LOCOMOTIVE CALCULATIONS

The 10ad that 3 locomotive €aa haul depends 0 1 number of {actors; namely,
welght 00 the driviag wheels, adhesicn betwees driviag wheels and rail, and
train resistance which Includes roiliag resistancy, resistance due to Curves

and resistance due to grades.

CEFINITIONS

i
Rolllag resistance tncludes (ricticn of ¢ar journals and {riction
between wheel treaxds and flanges and rall. Windage is aot
considered.

Valuss of rolling resistance viry widely, deperdiiog on slze
of car, whether four wheel or eight wheel type, the kind of
Journal bearings oa Cars and weight, allgnment and dallast of
rall, For accurate calculstions, the value of rolling resiste
ance should be estimated frowm data decived from sctal ex-
perience oo pProperty belag studled.

Where fuch datx Is o0t avxilidle, Yalues of 30 pouads per tog
far cars with brooze journal bearings and 30 pounds per toa
for cars with ball er roler journal bearings, are used 13
represeatative of gverage corxtitions.

GRADE RESSTANCE
The resistance dus to grades has o exact value of 20 pounds
per toa, {or each percent rise ia grade.

CURVE RESTTANCE
Curve fricticn is added friction in car journils and Detween
wheel treads and flanges and rall due (0 track Curvature. Rt
13 afluenced by the degree of curvature ard spread of ralls
at curves. o e
x Wheelbase oot
CR-Ibs. om = Ty

In mlce hanlage, curve friction la frequeatly neglected 24 2
separate and speciic part of train resistance, since oaly 3
small part of the traia is on 3 particalar cxxve st atime. R
tsconsidered as a purt of car and track {riction and the value
Selected for tar and track {riction 15 Righ encugh 1o iaclude
the friction due to curves.

NOTZ
Toconvert degree of curvature {o radius of curve in feet which
is easier to mensure, use following farmula:

—T20

Degres of curvature » Fadias tn fest

JRADVRESISTANCE (Summation of Relileg. Grade and Curve
Rasistances)

JBRACTIVE EFFORT
Tractive elfort 13 the force la pounds exarted at the driving
wheel trexis.

U IWRWPTIANS AFPATT-Xa 3 02497

LEVEL DRAWRAR PULL
.Lavel Drawbar Pullls the pull in pounds axsrted by the loco-
motive st the drawharom leveldry track. Under wariocus ¢on-
ditions, it (s percest of the actial welight of the locomive,
which Is called percent of adheslon.

ARHEIION

Aahesion, expressed A 3 percentage of weigit ca the drivieg
wheels, (9 3 mensure of Fesistance 10 slipping. Valuss of
sdbesion betwean steel tread (steel tires or rolled steel wheels)
asd clean dry stee!l rail well adove J0 percesnt, have been ob-
served. Eowwver, in mine haulage there is 2 wide range n
rall welght, allgnment sad bsllast aad la rail coaditions, vary.
ing {rom cleas and dry to greasy and wet. Tharelore, values
for adhesion must be based cn estimates found {rom actual
exparience but locomaotives xre rated as lcum:\

Rated Runaing Dravbar Pull with:
Steel tread wheels {steel tires or rolled

| wheels) 25%
nee 2“‘/

Cast Iron, chilled tresd wheels
Raled Sarting Drawber Pull, with gand, with:
Steel tread wheels (steel tires or
golled steel wheels) %
Cast lrem, ehilled tread wheels 25%

NOTLS
1. Above dats 1s based cu level track with dry clean ralls.
2 thmunuadhnwtvﬂu. nmuunmsm‘
18 .

JRACTIVE LFFORT AND DRAWRAR PULL

The theoretical differsnce betweesa tractive effort and level
drawbar pull is the farce requirsd to roll the weighted loco-
motive, wheel rims and flanges oa grades or level track.
Since most lccomotives are equipped with rollsr bearlsge,
the rolling resistance of 3 locomotive 1s coasldered to be 20
pouads per ton, or 1% of 2 weight. Thersfcre, if the draw-
bar pull of 3 Jocomotive is 253 of &3 weight, the T.E. will be
26% of Its weight.

Lxample « 1Stenl tve.
Dravbar pull » 1S x2000x .25 7300

pounds,
Tractive Effort = 7500 +.01x13 x 2000 @ 13 x 2000 x .28
= 7500 pounds.

Supersedes Section 4088, pages 1 thrud datad March 1971,
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go ITICINY  wivws waoumt vt wasuaL
SReedTies

SELECTING THE PROPER SI1ZL TROLLEY LOCOMOTIVE

Thefollowing formulae (urnisd 3 converient methad of entimas
ting the requized size of lc:u-ul" lor 3 g1ven 3ppiation.

1. Traa resistance: Uum « Rp e (Ca20)

Down gride » R, * {Cx20)
wnere:
Re = Rolling resistancs
C o Grade ua percest

1o

Time to 5(.“61!.
e 220

where:
Vi = Startiag velaclty (mph?
Vi = Arrauted velocity (mpn)
Ta = Time accolorite la seconds

11. Distance ta accelorate = Voo Vy x Tax1.41 = N
. 3. Weight of tocermative roquiredte Raula gives trauitag lond .J_:_I. : -
and 1tsell on level or up 3 gradae.
Le II-% 12. Brakiag (erce - down grade
00 (X *.0l1={Gx "Ry F = 2000 XL » W(Re = 20G) = LQOC)
shere;
L * Welgnt of [ocomative Lo toms. (Ton = 3000%) where:
W S Welght of tralilag lond 1o toas, (Tem = 20000) K = Advesion (declmal)
Rq = Traia resisasce (lbe/tom) G =Crade up, ia poreent
K = Adhegion (exprissed 29 § decimal)
G * Grade W percem 13. Srakiag forcs = wp gx|
R2® Locomaive relling restacasce {10 Ine/ton) L uxoooxnv(u,o 20C) + LQVC)
3. Rated Tractive Lifort = 1000 L = (K + .01} 1L Dumancs to Brake (ft)

s.
s.

Rated Dravear Pt = 2000 L X

Requised Ruaning Tracttve Effort « LINg » 20C) +» WRe
Revured Roming Drivear Pull = W R
Horsspower roquized «

D, = Dimasce ()= (L + W) 3000 (v, 3 - v,

waere: sre

V‘mv’ Velacuy .. 3¢,
(4T /see. = | M)

£ = JNrakiag efficiescy =, §

T = Brkiag ferce

V, ® Sustiag releclty i &, /toc.

LA B ..i v:- Attataed velocity i I sec.
whare: 1. ot
- PR 13. Time ¢6 drake

3138.23 = comversion lacter lacivding gear officloncy

KW, = Required input 10 locomocive
KW, = LP 3.7+ o .
where:
¢ @ Maar Rilicuncy

To ™ Zeerags VelecEy

x1
Ty = TV_V%T;- NB X

where:
V) = Stanting velecity s MPR
Vg = Arntused velacity ts MPX

9. Ty *™ Time brake in seconds
Modm;unmy;-zua:mmn::. b: - D .u-muu«
A-Lé—m%r‘;ﬁ‘-‘-ﬂ-‘ﬁl—' 1. Comisecus currest Fequlred By roct mesns square
mechods (see sample Calculstions),
Nlowers 170 belng used quita extensively to Wacreassthe
Caxiswous Tating. Whew nsalled, Mlowery will supply
vough uiditional ventilarien to tacresse the continuous
ranag el 2 morar vy {6 pproxumately T3 of the one hour
Fatiag amt the one hour Caling will be thczensed apprexta
wmauely 1010 384
WAULAGE CAPACITY TABLE | -
. Lacamotives Available Wergnt of Trulling Loas s Toms
Rated Dravw Bar Percont of graas » iomi
Woight Pull W Pomds o T 1+ T 3 1 3 « | 35 | e
{a Tons | (Dry raile-ee sand) 3t 40 1bs. per tom rolling CesLstaNce Oa CASS
4 3000 100 «“ N 11 11 (3] i1
[ 3000 110 ” “ 3 13 1 1
] 4008 200 " [1] a“ E) b3 13
19 $600 230 130 k1 3 2 n 27
13 4300 333 138 10 n 3 43 3
13 T100 373 182 13 [} Q9 1] 40
10 10000 400 0 19 e [ 1] L) "’
i) {3000 €30 F3E ) 300 138 108 (34 ki
30 13000 T30 | 3e0 § 230‘) 163 ) 16 108 "
40 30000 1000 } s00 | 390 | 330 | 1tee 134
a2 J3 (De. per 10on TollMmg FeSistance Om Cars
4 2000 [1] 38 . {1 30 13 12 10
[ 3000 100 b1 (1] 2 ba 18 13
[] 4000 134 ™ (3] b1l i n 20
10 3000 16 (1] " « 38 n ]
1 8300 1334 123 3} “ 10 < N
13 300 250 12 ” k2] 37 “ n
20 10004 I 12 12 " " [ 3] 1n
2 13000 434 330 i 111 ” 50 (3]
10 13000 300 288 197 L4y e 7 ke !
49 ____30000 (1.} %0 § 383 134 133 113 [1--4
U USAWPTRANS RITUATT. X 3 1003007
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GOODMAN ELECTRICLOCOMOTIVES

FOR COAL MINING, METAL MINING AND TUNNELING

COAL MINING SATTERY POWERED COMSINATION; RATTERY/TROLLEY
Osarating Weight™ She oo [T 1508 L™ 1508
A Mule 308 Traetmamter 134 88 e
TE. 2125% ADM_, i3 2.500 5.000 7.000 5.000 $.000 150
Wltage . % 128 128 - &80 ™0
Nummoer of Motors 1 2 2 2 2 2
1 He HP Each Motor™ [T} I a L] k] 9
TE, a3t 1 He WP, ms. 1450 3.080 49500 5,30 3450 6.20
Soeed 1 1 He NP NPN*Y [} §0 L1 70 .4 58
Minrmum Gauge, wicnes 42 36 Q % x B
Micwrum Curve Radws. ft. 1® 18 % 48 s @
Wheetbase. ncnes 60 83 € 100 83 100
Wheet Diametet nches 15 26 b ] ko] 26 0
Hewgnt Over Covers, n. k¥ R 3 38 n ]
Overal Width, niches 8 70 u 75 70 73
Length wh Coughens. m. 160 m an’ 58 t22] 25
TROULEY POWERTD
Operzting Welght” o 11-e 11-oe T 130w 1528 a 2023 e
e © 1388 Tomey ms 184 Towetr m n?
T.E. 31 25% ADH.. Ibs. 4000 $.500 5.500 £.500 7.500 7.500-10,000 10.000-12.500
Vorage o) i) 30 2% 0 %0
Number of Motors F] 2 2 2 2 2 2
1 He HP Each Momr . » ] %0 (] (] o] 170
TE.t1HeHA DL 3450 4800 6.0 6.000 1.5% 1.5% 11,840
Soeed 2 1 He HP. MPH*"* 54 58 58 7.5 5.9 8.7 10.5
Manimum Gaogs, Nches % Q 3% Q 6 k] 42
Maimym Curve Ragius, ft. N % k) H ¥ L] $5
Whesidase, incnes N 0 [ W 90 100 110
Whest DUMERC fiches % ) x e . X X%
Heigrt Over Covery. . R el k- a e ] Q “
Overal Width, inches (7] [ 60 or 66 " . SBorT0 “Eloe N
Length wio Couplery. an. fr2] 231 187 228 a1 261 282
TUNNELING AATTERY POWIRID
Operating Waigat™ ue [ [T [ 1%-oa 1S e W Nea Wi
Yo Temmer T  Maschs  twche 750 = 134 N t-3) m
TE, 3t 25% ADN., Ibe 1.000 2.000 000 4,000 5,000 7.500 7500 W00 1500 15,000
Votuge “ [ w0 0 [ W 2 w0 @ 0
Number of Motors 1 1 1 2 2 2 2 2 2 2
1 ML P Each Moor™* 55 " 2 20 19 40 50 75 125°°  128°*°
TE 1 He P g a7y - 1180 300 2600 L0 LR -] 5.0 5.000 14,000 10.850
Soend 3t 1 He HP MPH*™ 17 40 49 49 $.1 80 1.0 69 6.6 [ R
Mamum Gauge, nches "% 18 18 1% u 24 11 % % <
Maimum Curve Racius, ft 7 ) " 11 2 2 a2 k)] a7 a
Wheeidise. inches 1] X s 7.8 4 ] 60 2] 100 100
Wheet Diameng inches 12 16 ) ] F] 0 X ko n x
Hegit Over Barary in. “ o 55 55 L+ & 8 -] 85 (7]
Overal Width inches Ay Qg HorS) oS QosT Mok -] (] .4 [ ]
Length wio Coutlers, in. n 122 144 14 1% i 11 188 261 61
M;'?-‘I:-:‘;-M - -:q:.lzv-—-:.‘ "o

USSR WPTRANS RPTATT S § 1063407



[

[

o ATTACHMENT X11
Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design * __ Page: X11.230f X11.S0

MINIMUM RADIUS OF CURVE.

For Oseration of Locesstives With Qiven Whael Dismaters Mnd Vheelbases.

WEEL Dlas{TOR
12 [uCnES
i

L3378
In Inexgs

RA01¥3 0F cury(
e FEEY

-
%
X
=
-
=
i
12 WREEL DIAMMETER IR INCACS
118
" e
{1} L))
100 :
b}
%0 . 4
88 P <
° L1
78 Al rz
,, EENZAY
(31 o
00 p AL
J

:: 5Ey 2 e
. Ky A,
W .
. B7PZE
» .
2 A A A
20

1 5 B % = - - % [

H “n 0 nmmm $

RADIGS OF CURVE (N FEET - CENTER LIBE TRACX

UUSAVITIAME RPTATT.Xa 3 05307
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LOCOMOTIVE GENERAL DATA

AIR BRAKES AND AIR SANDERS

Alr braking pystems may be divided lalo two types, straight
axd automatic, A straight slr brake system 13 one which
applien the brakes by letilng atir iato the system., An avuto-
matic alr brake system 1s one which applise the brakes by
letting a1z outof the syatam, and has the sdvantage thal should
the 21r Jine break or jeak the brakes will ba set sutomatically
and etop the train,

The etrayght air brake system iy Lhe one generally used on
mine locomotives. The reasoun being, that it (s a very simple

system and o, in mises the c2rs are not usually equivped
with brakes, (herefore, lhe system only appiles to the jocoe
motive Iiself. However. this system doee have ose dise
3dvantage, and that (s, should thare be 8 break or leak ia
the line the brakes would {atl As 2 salety measure. all
locomotives equippad with this sysism are ilso equipped
with standard hand brakes.

1n this section, oaly the straightalr brake system (s covered,
as i ie the system mant widely used on mine locomotives.

B SATETY
ngﬂ AR 7‘““ crwn cou»ﬁ:‘sou VALVE
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_:,- o) ° o 7 et s Y "-;:’._‘
[ e Wl i 1\
| Tl g s I e
(— T L !
| b ’k; ) qi sl , I
L = )
A —te——=" e iy : Nl
k_ T P s 1] AN it
= PR qp— g D
BRAKEVALVE  VALVE FOR BRAKE AR
m.l‘..z SANDER
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TYPICAL AIR BRAKE AND AIR SANDING SYSTEM

Equipment used:

1. As independent motor driven alr compressor,
3. A govemnor.

3. Ooe or two brake cylinders depexxting on the design.
One or twa alr tanks depending v Lhe size of locomo-
tive and type of service.

A brake or throttle valve.

An 2ir stratner.

A safety valve,

-~
h

bbb S
:
i

10. Piping snd wiring.
Function of the Equipment:

1. The indeperdent motor drives alr compredsor serves
to keep presmre in the 3:r lacks. The compressoris
made in teo sizes, 10 cvu. L. per mia and 16 cuv.[t.
per min. The size depends oa the lotal atr devices
used (which might consist of alr sanders, alr whistle,
or any other toechinism other than (he alr brakes
which would be operxted by alr} slso the size of the
locomotive, graden, weight of train etc.

2. The governor controls the amount of alr that the com-
pressar supplies to the tank. The operating preswurs
ts ordinarily set at about 90 Iba. The governar cuts in
and starts the motar which drives the alr compressor
at about 80 1bs. and stops the motor a1 95 [be. The
gIvernor ia adjustable for average pressare.

Supersericy Section 4D87-B, pares 1 & 3 dated August 1563

U INAWPTIANS RPTATT-Xu 1 056D

3. The purpose of the brake cylider 12 to convert alr
pressure inte mechsalcal essrgy which Is applied
against the brake llokage. In some installations one
cylinder s woed, in which case this cne cylinder ope
arates the extire linkage, (o other fnstallations two
cylladers are used, one operiiss (he brake linkage ox
sach side of the locomotive.

4. The air, under pressure, iy held {a atr tanks. One ov
two tanks are used depending oa the amount of air re~
Qquired and the desiga of the locemotlve.

S, The coatrol of the brakes is througk 1 control or
tarottle valve. Thls valve (s so constructad that the
amount of alr let into the system miy be varied, thus
enabling the braking preswmire (o dbe adjusted to muit
requirements. Where two locomotives operzte la
permanent tandem a control valve 1s locatsd on the
primary Jocomotive oaly, which cperales the brakes oa
both locomoltives.

Two locomotives {a separable tandem may de arranged
30 that there Ls 3 control valve oa each locomative. la
this case the valve on sach Jocomotive will operate the
brake on that particalar locomotive when the locomae
tives are Operated separately. Whea operated latandem
the control valvs oa the primary locomotive conttols
the brake system for both locomotives.

6. The alr stralnsr cleans the alr before it goes lato the
compressar,

[ 4
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DIMENSIONS
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Rigid Chain Engineering

MOST FREQUENTLY ASKED QUESTIONS ON SERAPID CHAIN

Please describe the chain:

There are twn main components in a Serapid Rigid chain system:

- The chain itself,

- The drive housing. :

The chain is composed of:

- Side plates, which are fine blanked for precision tolerance. The side plates interlock with
each other and have mating surfaces which are flat, and which provide the push I'ntte
These mwng surfaces are called heels.

- Shalt pins, and various rollers which are CNC machined, heat treated, then ground.

The drive housing is enmposed of:

= A drive shalt on sealed bearingy,

- Drive sprockets, I tn § depending an chain size,

~ Reaction plates made out of high grade steel, precision machined,

= Cast housing pair for assembly of the ahove.

How does it work ?

Imagine holding a bar of steel in your hand. That is haw the Serapid chain fecls with the
heels (hutting surface of links) at the bottom. Its own weight keeps it straight and rigid.
The chain stays rigid under its own weight, or the applied load, because of the locking
moment that locks the links together., .
Now pick up the free end and roll it back. It coils like 2 conventional chain. Thmswhat
happens through the drive housing. The chain is coiled 90 degrees or 130 degrees ta stare it
out of the way. '

As the chain pushes, it tends to walk away from the sprockets. Thicis why the chainiis
contained by steel reaction plates inside the drive housing. The reaction plates are
designed to take ap the reaction to the pushing farce.

What are the two holes in the front link for ?
A pinisinstalled in each hole to attach the front of the chain to the load.

The pin which is in line with the rest of the chain pins s used for pulling the load.
The other pin, which is in line with the chain heels, is used lor pushing.

SERAPID
USA Inc ~

. 1408 € Alien Drive * Trory, Michigan 48063 .
Tot: (810) S35-8530 * Fax: (810) S85-8963

U USAWPTIANS RPTATT-XG 3 wearn
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The purpoce of the pushing pin is tn ensure that the chain locks up during pusching, by
enwuring that the reaction fram the lnail enmes back along the chain heels.

Does it need a guide ? ’

No. The chain is designed tn nperate withaut a guide, as long as the load locks up the chain.
The chain is designed to excert a farce along its heels when pushing, and along its pins
when pulling. No <de laail an the chain i allowed.

A guide is nnly required il:

- The chain may be suliject ta side or excentric loads,

- The lnad is not centered on the chain, or is difficult to locate,

- The reaction force [rom the load (when pushing) is nat along the chain heels,

- The travel is ton lang in relation to chain size. For exemple, for 10 fect of travel, using a
guide may allow the use of 2 40 pitch chain, whereas without a guide, a 60 pitch would he
required,

Note: Guirles when used dlo not have ta run the length of the stroke. For exemple, for 10
feetof travel, 5 feet anly coulil be guided at the begining of the stroke, or 5 sections ol 1
faot long guide< could he used at rendam along the stroke, ete—

How much’ can it push ?
1 daN = 2.2 1bs.
- Nominal Push/pull forces range from 110 b« for the size 25 (plastic) chain, to 40,008 Il for
the 90J chain, . .
The smallest steel chain is the size 40PS, with a nominal push/pull force of 1650 Il
What ix meant hy nominal ix:
* 10" of stroke,
* (hain supported,
* Chain unguiiled,
* No <hocks.
* Low speerd (up to 10 feet/minute).
* Intermittent duty.
* Horizonta! trandation.’
Longer strokes, higher speedds, shocks present, heavy use, ete. all reduce the naminal
ratings, '
All above rating parameters accumulate.
Please call the factory for application engineering asistance.

SERAPID
USA, inc.

1409 E Allen Drive » Troy, Michigan 48083 R
Tek (810)588-8530 + Fax; (810) 588-8963
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Rigid Chain Engineering

Same rules of thumh:
When the chain i< guided. nominal capacity remains regardless of stroke.
Inlifting applications, cut nominal capacity in hall.
When the stroke is daubled, cut the chain eapacity in half.
When the chain is unguided and unsupported., cut the eapacity by a third.

How fast can [ run this chain ?
There is no actual limit to the speed of the chain.
But like any mechanical system, speed means laster wear.
Some precautions can be taken to improve the wearability of the chain and components in
high speed applications, like ramping the speed up and down to aveid shocks.
Please ennsult factory for application engineering assistance.

How do I Yoop this chain for storage ?

Please Inok at the first page of our specification sheets. Shawn are typical storage
configurations, or chain returne. .

Simply, the chain must be stored where space is available.

The most common chain returns are # 2,5, and 8. All these chain returns have a single lvop
storage, and are free. They offer the advantage of reduced storage space, and yet do nat
require a guided storage magazine. The end of the chain is simply attached back to the
drive housing, and the chain sell supports itself.

Please see page 12 of our spec. sheets for dimensions.

Il the space available is still to small, then a multiple loop storage magazine is required.

Does the chain need lubrication ?

Usually not. An occasinnal oil spray helps keep the chain dean and Iree from rust.

Tn high speed and/oe high cydes applications, it may be necesary to lubricate for heat
dissipation and reducing Triction between ralling/diding components.

How do I select a chain.?
The main parameters of chain selection are:

"= What is the forve required to move your load,

- Haw far yot want to move it,
= How 2t you want to move it.

SERAPID

USA, Inc.

e - 1400 £ Allen Drive ¢ Troy, Michigan 48083 .
Tet (810) 5858530 * Fax: (810) 585-9983
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Rigid Chain Engineering
Plcase check ather factors involved in determining actual push force, as hown in "how
much can it push” paragraph. '
Please fill aut our application questionnaire, or call the factory. Our Application
Engineering Dept is always availahle to asist you. .
Follawing above "rules of thumb" will also woek, Lt please verify ynur selection with our
Application Engineering Dept. .

What torque do I need ?

Once the thrust (push/pull) {arce is determined, and the chain selected,

torque is(inlbs): force (Ihs) x sprocket pitch (in.) : 8.8 (drive efficdency).

In rolling load applications, please remember 10 indlude acceleration and decel. loads.

How do I calculate Serapid shaft speed (RPM) ?
Trandation speed (fect/mn) x 68 : pitch perimeter (feet) = Shaft RPM.

Pitch perimeters:

Size 25 chain: 0673 [eet.

Size 40 chain: 0.324 feet.

Size 60 chain: 126 leet.

Size 90 chain: 1354 fect.

What motor horsepower do I need ?
HP at the Serapid drive shaft = Torque (in-lhs) x Serapid shaft speed (RPM) : 63009,
To abtain input HP, the abave figure must be devided by reducer/motor effidency.

SERAPID
USA, Inc.

1408 € Aen Drive * Troy, Michigen 48083 .
Tet: (810) 538-8530 « Fax (§10) 588-2961
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Service Factors
& VE Using AGMA Criteria

SEW-Eurodnve gear units may be service factored using critens
st lorth in the vanous AGMA Standaras.

For a) Paraliel helical (Models R and FA) geammotors
b) Right angia helical-bevel (Model K) gearmotars

AGMA yses servics classes 1, 1i, and lil, which arg based on:

Class I: Steady loads not exceeding normal rating and
8-10 hours running time per day.
Seence Factor 1.0 murumum

Class i a. Steady joads not exceeding normal rating and
24 hours running trme pee day.

b. Moderats shock loads, not exceeding 1.25 »

Rated Load Torque runnmg 8-10 hours per

day.
Service Factor 1.4 minmum
Classill: 2. Moderate shock loads. 1.25 = Rated Load
Torque and 24 hours runmng tme per day.
b. Heavy shock icads, exceeding 1.25 » Rated
Load Torque ana 8-10 hours running time pat

day.
Service Factor 2.0 mrumum

- Reference AGMA Standard £019-E39 for Servica Class fisings

by spplicabon,

For: a) Paraliel hehical (Moded R and FA) reducers
b} Right angle helical-bevel {Model K) reducers
€) Right angle hellcal-worm (Mode! S) recucers

and gearmotors

AGMA uses senvice factors for electnc motors, turbines, and
hydrauhc motors aslisted by the chant below.

In the chart, the reducer ioading may be classified as follows:

{1) Undorm Load. Recurrent shock ioads 60 not sxcoed the
nomunal specified input oF Prime MOover POwer.

{2) Moderate Shock Load. Recurrert shock loads @o not
exmdlﬁ-monmmsmmorm
movet power,

{3) Heavy Shock Load. Recurrent shock loads do not ex-
ceed 1.50 » the nominal specified Nput or prime mover
power.

(4) Exvemns Shock Load. Recumrent shock loads do not
9xCeed 1.75 = the nominal spechied Input or prime
movet power,

NOTE: The magnituds of any recurrent shock loads thould be
estrnated or determined through test by the system desioney.
Recurrent shock foads can be of such a short duraton that they
may not be reflected in Motor amperage readings. In hese cases
actual loads are usuaily determined by strain gaging the driven
shat of the macruns.

U %8 WPTIANS RPTWATT-Xa ] 10064T)

Durstion of Service Unlform Modersts Heavy Extreme
(Hours per Day) Losd Shock Shock  Shock

Ocrasional .S hour -— -— 1.00 1.25
Less than 3 hours 1.00 1.00 125 150
3:10 hours 1.00 1.25 1.50 1.75
Over 10 hours 125 1.50 1.75 200

When the prime mover Is a single or mult-cyfinder engine, the
secvics factors must be modified by the following:

Steam and Gas Single M-

Turbines, Hydrsulle Cylinder Cylinder
or Electric Motor Engines Engines

1.00 1.50 125

1.25 1.7§ 1.50

1.50 2.00 1.75

1.78 225 2.00

2.00 2.50 225

225 275 2.50

2.50 3.00 78

2.5 328 3.00

3.00 .50 325

Starting conditons where peak lcads exceed 200% of rated load
and apoicadons with frequent starts and siops require special
load analysis.

Service Factor listings by applicason may be found in:

AGMA 8010-E288 for Models R, FA and K reducers
AGMA B034-AB7 for Model S recucers and geamotors
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Title:

Preliminary Waste Package

ATTACHMENT X1

DI: BCA000000-01717-0200-00012 REV 00

Page: XII-380f XI1-$0

Transport and Emplacement Equipment Design

w Helical-Bevel Gearmotors

fUROORIVE
wn-w Outpast Speed S.fvbo Torque OHL. Retie
fe Te Fr f Model Peges
u- pm ddn ) Ceasr Motor K KF KA KH KAF
5.0 w 20 4090 1290 an Kre DT100L4 245 257 257 2%
* 3 17 4830 1290 473 K78 DTI00L4E 245 257 287 2%
81 ts 5188 1250 788 K78 DTIO0L4 248 257 257 250
54 14 5830 1770 3120 K78 OTIO0LL 245 257 267 20 ,
&7 12 8700 1240 st K70 OT100L4 245 257 287 20
47 24 700 4550 ses Kes DT100LA 248 258 283 288
42 2 7800 a7 N4 Kss OTI00L4 248 254 289 @™
41 11 7650 1200 L KT8 DT100L4 245 257 207 280
37 K} 8510 4120 4837 KBS DTI00L4 248 233 263 -1}
31 28 10200 8070 483 KOS DTI00L4 248 259 283 -
30 18 10500 4120 $555  Kes DTI00LE 245 258 283 ~ 28t
27 23 1700 ) 218 K98 DTI00L4 240 258 223 22
25 13 12800 a0 8550 K88 DTI100L4 243 258 288 E- )
23 12 13700 4120 7425 K88 DTI00L4 248 238 259 E- )
rat 20 13700 8070 7408 K98 DTI00LL 245 259 263 282
20 10 15800 4120 (LU, Y ] DTIO0LA 248 258 258 -2
19 18 18800 8970 7 K98 DTIO0LA 248 259 258 m
17 1.5 18500 8070 , 9400 K98 DTI00LE 242 259 288 =2
16 7 19700 10800 10411 X108 DTI00LS 248 259 209 %2
15 13 21000 8070 11183 K96 DTI00L4 248 259 283 k. -
13 1.9 24200 870 12601 K98 DT100L4 248 259 223 . -
13 22 24200 10600 12016 K108 DT100LA 248 259 2%9 k-]
13 22 24200 10600 1 K108 DVIIIME 248 259 299 w2
12 23 23800 10600 14a K106R82 DTI00LE 251 283 774
1" 19 20600 10600 10411 K108 DV122MM8 248 259 269 @
10. 19 28600 10800 181 K106R82 OTI00LE 25t 263 274
9.0 17 31700 10600 1 K108R82 DT100L4 251 263 274
75 14 38200 10600 28 K106RE2 DT100L4 251 263 274
6.0 11 47800 10800 87 K108R82 DT100L4 251 283 274
8.0 19 47800 15400 32 K126R82 DT100L4 252 284 273
55 28 S1700 20200 % K158R92 DOTI00LE 253 288 73
45 1.4 83700 15400 LU ) K126R82 DT100LE 252 264 278
45 23 83200 20200 m K1S8R92 DOTI00LE 233 285 278
4.0 13 72100 15400 400 K126R72 OTIO0LE 252 264 273
4.0 13 71000 15400 425 K120R82 OT100L4 252 284 275
s 19 75100 20200 [77] K156R92 DTI00LA 253 265 778
32 10 |, 3030 15400 524 K126RT2 DTI00LA 252 264 278
31 1.8 92000 20200 S48 K158R92 OTI100L4 253 2¢5 I7%
3.0 24 94500 27000 358 K168R%2 DT100L4 234 m
2.4 12 118500 20200 (1] K156R%2 DTI00L4 253 285 278
22 7 129700 27000 7SS K188R92 DT100L4L 234 m
2.0 10 142200 20200 e K1s58R92 DTI00L4 253 265 278
18 14 158500 27000 2 K168R92 DT100L4 234 t2ed
1.8 20 177300 3700 1084 K188R$2 DT1000L4 238 m
1.5 12 190800 27000 1088 K166R$2 DT100L4 254 wr
MOTES: Modet 48 - 154 siso gvailadie ks: Flange mount, add leawr F (9.9, KF04 OT71C4); Shaft Mo, Consutt Azsemdly Center for
add teter A (9.9. KA OT71C4); ShalVFlange mount, add leters AF (e.g- KAFSS OT21C4). Dimenson Peges not Lsmd.
poone it g ek e e s RSt
fovly oty ¢ See Page 232 for weights,

g usa m
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Title: Preliminary Waste Package

ATTACHMENT XII
DI: BCA000000-01717-0200-00012 REV 00
Page: XII-39of X1I- 52

Transport and Emplacement Equipment Design

Helical-Bevel Gearmotors

Foot Mounted

&

ouTPUT
SHAFT
[*]
TAP
Gesrcase
Model A B BA 3] oD E EA F FA G H J X oA
s 1024 908 S91 8357, OB 709 945 709 217 126 087 21§ 217 13
260 230 150 2127 204 0 240 180 55 32 22 80 g5 339 |
98 1299 1142 673 104373, L1 945 1146 545 295 150 102 294 276 18
30 20 171 2857 283 240 291 240 75 38 26 100 70 41:‘]
X106 1535 1339 035 124075, 197 1102 1388 1083 374 165 130 431 3K 194
30 M0 212 NS 50 20 My 270 95 42 3 10 90 4W |
Gearcase Output Shah Inch Senes/Opaonal Metne Series
Modet POY [ [ wJ u uy v ) Key ] ]
K88 492 1384 a8 453 ||23757,  2es 472 0.71 Wrnedv -
1285 354 124 18 6010 ] 120 10 131111100 om0 82
K96 591 1889 602 St {2878 7o 320 551 097 Yer s 32 -
180 429 153 145 241 745 140 13 20212510 DM20: 42
K108 &8g 2012 748 669 |[3.625 "ot 40t 689 1.03 MW LSy -_
175 st 190 170 B+ 95 10 3 251141140 OM4150
Motor
(13 v e
Model %0 100 T1IN 1335 137W T3IML 160M T80L 180 300 235 | Omensions ¥ i
A 543 673 689 740 740 921 921 921 1075 1075 1201 1217 | .
138 LAl 178 188 188 234 2M 234 273 273 305 309 |Dimension ABistom*
(g 252 335 335 315 215 441 441 44) B4 634 Bi4 604 tor condurt bax
64 BS  as 8080 112 112 112 136 158 156 188 ) .o
p 571 776 776 870 870 1083 1083 1083 1303 1303 1551 1581 | o oo
148 197 197 221 221 278 278 278 Ay 1) 334
2331 2406 2602 2732 2909 29.96 3232 2232 MYV = = - bt
ks € 582 ‘e es1  #h4 T 781 831 8 ess —  — — [|Eyevonsamremov
X96 e — 2677 2878 3008 3185 3272 3508 3508 3693 N7 —
— 683 7 754 809 831 891 891 938 1010 — -
X106 c = = N7 207 M 571 3807 3007 3942 4276 4485 4727
— — B¢ 840 8385 907 967 ©67 1014 1085 1134 1215
CS 693 USA 248 mm-uum-mum"i

U INRAWPTRANS RPTATT-Xu 3 4002497
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Title: Preliminary Waste Package

ATTACHMENT XII
DI: BCA000000-01717-0200-00012 REV 00
Page: XII-400f XJI-So

Transport and Emplacement Equipment Design

EURODRIVE
Gearcase Size§: K66 - K106

Mounting Positions
Helical-Bevel Gear Units
Foot Mounted

— —evran ]

Nl

< Trestw Mg
L2 O Lvwy Mg
. Of Orun g

®  For gear unk sizes K78 « K108 with input speeds greativ than 2700 1m 33 well &3 jor azes K126 - K158 with inout speeds greater than
1800 rpen, pleass refer 10 OLF SNGINGENNY CEDA/TINL. . )

wr T:T (-4 Aamat —:-"

o

mr

e —

U JNAUPTRANE RPTATT X § 1863407}



ATTACHMENT X1

[

Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design : Page: XII-4#/0f XII-50
%__ Helical-Bevel Gear Units 'l—fi-_;i.ff
e |

Listed below are weights for complete untts less oil. Reducer weights sre shown in the Gaar Unit chart and combined reducer sy
mKOr weights are shown in the Gearmotor chart For langed and/or holiowshaft reducers 23 well 35 gearmotor 344 the flange argy
hollowshalt weight shown in the Gesr Unit chart (a negatve vaiue must be subtractsd). For brakemaotors add the brake weighe ke
at the bottom of the Gearmotne chart.

i . Nots: Ol weighs approximately 7.5 bhs/galion (2 hyirter). Reference Lubrication Sheet for volume of oil miuired.  Allweights intg

[~

- . Gees Unht Geermotor
Addlor  Adsdtor _or DV
Mode! Reducer _ Flangs __Hollowsheft Mode! 71T 100 1128 1228 13780 130
! K48 o ) 3 ks & ™ 2 5 - = - -
- Kss (7} ’ 2 xes TR Y- IR T 1 152 - -
K8ERL2 L e 2 KBERAZ o8 1085 N7 132 _ . = -
KE8RL) % ? 2 KeSR43 1V 107 1 134 - - - -
X7 1S [} 5 KT8 126 134 147 183 188 201 20 “x
[ KT8R42 129 ] $ KT8R42 142 149 181 78 - .- - -
KTeRQ 1% '] 5 K78R43 144 151 183 178 - = e -
‘ K 194 22 X Kas - 204 217 298 28 268 320 ™
! KBeRE2 214 2z 9 Ksens2 Z m 27 M 2 N - -
L XD6REI 218 2 K] K86R83 29 295 2400 285 2% - - -
K96 353 ] o7 K6 - 354 309 338 412 425 472 4™
‘ KS6RS2 aro a “7 K9ERE2 83 389 43 A8 Ml 4 - -
: K6REI m 0 "7 K96RE) 388 392 48 42 MM = -
— X106 804 0 31 K108 - = - 824 44 859 U5 TS
K106R72 824 «© K| K108A72 633 643 €58 672 %7 710 TSE ™M
. K108R73 82¢ 40 31°  Ki08AT €37 645 858 674 M e e -
| K108RE2 836 «© 3t xioeRm2 — e 09 T T4 TE 12 &
- . K128 1045 ] Rel X126 - - = - — - 107 13
K126R72 1054 [T n K128RT2 1085 1073 1066 1102 N7 1140 1188 1201
. K126R73 1058 [ -] 73 K128RT3 1067 107S 1088 1104 1129 - e =
! K128R82 1090 (1] n K126R282 1108 1121 1140 1180 1173 124 120
— K158 1592 122 7 s - - - - - = = um
K156R92 1653 2 97 K1S8R92 — 1654 1889 18838 1712 172 T2 1T
, K158R93 1884 132 97 K138R93 - 1685 1630 1699 173 AT 1783 18
N K138R102 Lbe, | 132 -7 K1SEA102 - = = 188 1820 1843 18589 1909
- Kiss 2250 - 7 K188 - - - - - - = =
K188R92 2412 -— T KX188R92 - 2413 2428 2447 2471 2484 2831 2893
; K168R$I 24 - n K168RS3 —-_ 2424 243 2498 2482 2408 2542 2564
K185R102 2546 - ¥+ ] K186R102 - = - 2588 2538 2601 2047 2847
— K106 a7 - 141 K198 - = = = - = = -
K186R92 x1 - 141 K186R92 — MM w08 W97 J705 3rs2 ATNé
i K136R23 B4 - 143 K188R33 - 3643 3680 N7Y I I78 ITEY IS
€ K186R102 ares - 141 K188R102 - = - 3ms 3308 3823 3869 389
AddlorBrake 65 65 22 22 265 33 s3 &
Add tor Double
i Disc Brake - - = - - - - -
1
—-
i .
cSesIUsA 2

(—

U UNAWPTRANS RFTATT X 3 (002497)
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ATTACHMENT X1

Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design ’ Page: XII-#20f XII-£0

.

Helical-Bevel Gear Units
A Lubrication
Each gear unit ls suopiad from the facory with the correct grade and quantity of lubricarn for the specified mounting posidon. Thy

following ubncants are supplied from owr North Amencan Facilives. Under special arcumstances such a3 high of low ambaeg
smparsures optonal oits should be usad.

Standard Ol . Optionatl Ofl
Ambient
Gear Unita” Type Mercstactures Tunp..énn
e i S w28
Xa - 158 tobll SHCEX | pabi OF Corp
. -| 2swew
Ka8-158 - I 0 20 I et O Co K164 - 1008 1Sy .
KXH186 - 198 ) -
W] Minerwl OF

For ball and rofier bearings of gear units the following grezsss are recommenced:

Mineral Gresse Synthetic Gresse
Ambdlent Amblert
Typs Marustacturer Tcmp:cmn Type Menufecrrer Ymp:énn_
Moblkax EP2 MobiOdCop. | 20w ead Mobltemn SHC 32 | Mabil OF Com. 48 ¥ ~80
ANvania Grezse R3 Shet Ol Co. * 30 o «80
The approximats lubricatt in US gasions/Titars per mounting positon is as follows:
n |} w Input Shat
Goor U vims) e e T T mi] | O | _Smsme
X 48 018060 | 08320 | 032112 ! 0414 ' 03714 * ORMI2 A Hortronml | Verseall
X (1] 034090 1 09333 1 06324 1 oMY | 07428 | 08123 A___42/431 0.080. :
3 ra ) OSOM9 | 1889 | 1142 | 16m2 ¢ vyso | vuey | vy A___e&s3loemes o
3 o 06328 | 240t | 1473 | 2850 | 238 | 1e7y | 22m3 (A Y73l 0341) 1096374
K [T tage b 49n9 | W4 | 520 | ayie | avay | e 821 o74r20 12180
3 100 2489 | 98 | e2nd 05038 74729 sy yuzr JiR 9283 vyed 13
X 129 N4 i 1as4 1099 14555 1349 (T MK 77 I L 1020 1887 '8
X 54 21T
x 154 707 242 [T, 12 2554 2m L For e
> I T = N1 = =L = R reducer raquirss its gwn of
] ] - -
K/KH 188 twysy ! osyed - . S1134 - } fikng as nthe chat
Geer \J
Unt vivyn J vs 1 ve | M W) K )
K Ay OMND Y OMVIS | 0ANIS | 01 | 04NN OWN2 1 041D
K [T 08201 T oo T os2n1 | geans T oyomo ! osa22 1 OTINA0
K 78 178 G 18A1 | 1682 ¢ 1248 1 95T ¢ 1My i 1640 |
X o 2810 ' 2596 ) 2606 i 24/79 : 2490 - 187% ! 288
K % SN20_ ' 83720 $2r20 ' ang Ay ¢t 34t €270 |
X 108 QYD _ B3V sAR ;642 L3 i sy ' sem |
K 12¢ 1558 1 1338 [T K] 1453 11742 ! t498
[K____ 138§ 20100 | 2090 | 27 4R | N7 |}
[/KH 188 299 — ) e ) = - -
KKK 188 417188 - e 1 - —_ -

") Gaar Unit size 45-158 aiso scoies kr KF, KA and KAF

CS oI USA 4

A,

U UNRWPTRANS APFTATT XA 2 (04219T)
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ATTACHMENT X11 -
DI: BCA000000-01717-0200-00012 REV 00
Page: XII-430f XII- L0

Title: Preliminary Waste Package -

[

[

ree e o

-

Transport and Emplacement Equipment Design ‘ )

—_— ..
Helical-Warm Gearmotors = gE
= . =
E IVE 2
oml'o-w Output Speed  Service  Torque OHL Retio Dimenalon
n, Fecwr T Fae i Modie! Poges
"' mm -n n Geer Motor 5 SF SA &
0.75 19 1.6 250 2% 12600 S62 DTE0K4 363 %8 378 I3
12 1.5 2400 2% 14444 SB2 DTBOK4 353 %8 378 M
11 1.8 2580 2% 15808 582 DTBOK4 383 38 I’
95 1.3 1% 2% 173.9%¢ S82 DTBOK4L 353 358 378 I
9.0 28 3200 2920 18888 S72 DTBOK4L 364 369 IT7 I
8.5 12 220 2% 0472 S82 DTB0K4 363 368 376 I
8.S 28 3% 2920 380 ST2 DTBOKSE 364 389 37 I
73 22 k1¢ ) 29520 e ST2 OTBOK4 384 389 377 31
7.0 19 4590 2520 ta ] ST2R4&2 DT8OKS ¢S 372 379
6.0 16 £360 2320 s S72R42 DTBOKA »S 372 319
6.0 19 as70 2920 18668 ST72 DTBONG 354 269 377
5.0 14 €240 2310 348 ST2RL2 DTBOK4 388 372 379
5.0 17 $390 2920 294 SN2 DTBONE 364 389 377 W
4.3 1.9 7460 $s60 368 S82R62 DTBOK4 368 372 200
4.5 25 8510 8590 229 S82 DTBONG 384 38 I8
40 7 8270 6320 43 S82R82 DTBOK4 368 372 310
3.9 24 7390 8380 2523 S82 DTBONS 364 389 373 I
37 11 ar 2680 481 ST2R42 DTBO0K4 %8 372 379
3.1 14 10500 8400 549 S&Rs2 DTBOK4 388 372 30
31 27 11000 ke 1] 549 S$92R82 DTBOKA 348 373 380
24 1.1 13200 6220 701 S82R82 DTBOKS 368 372 380
24 21 13800 nrn 898 S92R62 DTBOK4 388 I73 20
20 1.9 1650 70 458 S92R62 DTBOK4 368 373 380
1.5 1.4 210 7 188 SS2RE3 DT80K4 388 73 280
13 12 24000 770 1237 SS2R63 DTBOK4 388 373 380
1.0 16 23200 7870 173 S92R82 DTEOK4 386 373 330
0.78 12 25800 7350 24 S92R62 DTROK4S 368 373 380
0.862 1.0 35800 6350 27t S92R82 DTBOK4 358 373 30
1.0 an ] 208 @ 82¢  SA2 DTSON4 382 367 374 381
229 1.8 24 3t 742 S DTEONS 382 387 374 38
218 24 260 595 783 S42 DTEONA 382 367 374 38
197 13 o 4] 425 884 S32 DTBON4  “382 367 74 381
184 22 300 815 92¢ S42 DTE0NS 382 387 74 A1
178 - 12 219 a% 524 S32 DT9OSE 382 367 374 38
168 12 28 435 1013 S22 DTBONS 382 367 374 M
159 20 uS s 1089 S4&2 DTBONA 382 367 374 M
149 1.1 s 445 na s DTEON4 382 27 374 381
138 1.8 395 (143 12232 S&2 DTBON4 362 357 374 30
125 28 445 920 1384 S52 DTSON4 363 258 73
119 16 433 680 1431 5S4 DTBON4 262 367 374 381
108 1.5 500 890 1574 S42 DT8ON4 3852 357 374 W
107 25 $10 960 1585 §S2 DTBON4 363 38 37s 382
93 23 550 980 1742 S§52 DTEONS 363 358 375 382
97 1.0 £20 510 1755 $32 DT8ONS 352 287 374 W
NQTES: Al unra alsa available a3 flange mount. Add leter *F~ 10 model 0.3, snzomu Consutt Assembly Center tof
AJ urits also avallabie a3 shalt mount. Add leer "A” 1 model 9.9. SAB2 DT71CA. Dimaenigion Pages not isted.
A units iso avalable as shaltfiangs mount Add leer “AF™ 1 model e.5. SAFS2 OT71C4.
O«MM(onummmsmssnmwnumw
Ses Page 422 for wegha.

CSIIUSA

VUNARPTRANS APTATT-Xa 2 100240T)
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Title: Preliminary Waste Package :
Transport and Emplacement Equipment Design

ATTACHMENT XII

DI: iBCAOOOOOO-O 1717-0200-00012 REV 00

Page: XII-4/4bf XII-$©

Helical-Worm Gearmotors

Flange Mounted

— 1
r 4 u 2% uv
: ~ | LD T\T ELr
F33 @ | UTPUT
. ! . ' SHAFT
(IR ETT LY, | \ ,
M o/
68— o oe,:‘ l_-— Fx
oA =l A
- AN
ag
Gearcase
Node! A B oe EA FX OA o8 PD1 Q an SA s8 o)
sFRZA82 1457 B1S 173 1295 888 1929 823 591 1740 785 122 485 68
SFYRE1 370 207 “ 329 4“0 209 150 442 202 288 1 169
Output Shatt Inch Series/Opnanal Metme Series Flange
- odel u ur_v_vo Koy ] AH__ ad AK BB__BD__BF__GA
sne2 287573 320 5851 097  Maadn - SS51 1575 1378070 020 1772 071 067
SPR8) iR 75 10 13 202122110 DMz 42 140 400 350754 S 450 18 2
Kotor
oT oy hen
Nedel A © % 10 M 1338 Oimensions are oo
Ap 543 £.43 &73 689 740 740
133 138 171 178 183 188 Dimension AB Is 1o mo-
B 252 282 ax 3% as s for conduft bex
64 BS as
p ST S71 1T 178 870 870 mmu fafor
L 145 145 197 197 221 21
YR ey 3388 3485 3861 3799 29es
P © a0 eso 0 s® Bes 1013 Eye bot are remavadie
Imuss L 1x] Dirnenzions subject to change without notice

U I% S WITRANS RPTATT X2 (082447
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ATTACHMENT XI1

Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design ’ Page: XII-450f XIi-s0
Mounting Positions w ;:
gm Hellcal-Worm Gear Unlts o r———
| Flange Mounted o Gl
. 10w g

Géarcase Sizes: SF42 - SF92

® For gear unit sizee SF72 - SFR2 with Inpat s9eede greatar than 2700 1pm, pleass refer 1 6L snginsering department.

Gearcase Sizes: SF62R42 - SF2R63 ' - . B

Swmysa ar

— e §ime "
5y
2, Lo

U VNS WPTILANE RFTUATT X ) 9L0FT)
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ATTACHMENT X11
Title: Preliminary Waste Package DIL: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design *  Page: XTI-4¢of XII-S©

Helical-Worm Gear Units =&
A Weights EOE |

T}
Ustad below ars weights for compiets units lexs oil. Reducsr weights are showr! in the Gear Unit chart and combined reducer ang
MOOr weights 118 shown In the Gearmoior chart. For langed snd/or holiowshat reducers &3 wed &3 0sanmotr's add the flange arviy
holiowshalt weight shown In the Gear Unit chart (a hegative vaiue mus? be subtrected). For brakemotors add the braks weight kemg
1t e dotom of the Gearmotor chart.

Note: Ol weighs approximately 7.5 ba/galion (2 Bafiterd. Referencs Lubrcation Sheet for volumne of ol required.

Gear Unit Gearmotor Al woights in ke,
Addlor  Addfor o

Model Rech Fangs Holowsheft Wadel pal [ % 160
s 1 0 [ <) » 3 “ -
s43 24 ’ 7 sa T . 43 o -
s82 Y] ’ 4 ss2 « & Y] ~
&2 ®0 15 1 sa2 n ™ 0 108
SE2RQ2 B/ 13 13 seame2 " o 110 124
S82°43 n 15 13 SE3R4Y n 100 112 (el
s 108 2 18 s 1y 125 12 14
sTRG 121 2 " sTna 135 142 154 108
sTRG it} » 18 sTIRG 137 144 158 m
s 209 M - Py - 219 2 21
se2ne2 22 u - spne? 20 3 26 ons
‘S82R83 o 34 - 582983 251 297 m b4
582 %8 as - [ - 267 a2 Ty
s932R82 a3 as “ $82R82 401 a7 a a7
sRe 20 as - s2R8y & 0 .} %

Add for Braks es Y] 2 2
Gearmotor .
ov

Model 112 1373 117 1o T BT .Y 1808 180 200
s . - - - - — . - -
42 - - - - - - - - -
$$2 -— - - -— — -— -— — -—
sa2 R ] 144 - - - - - - -
Se2R42 . - - - - - - - - -
SE3RL - - - - - - - - -
s "y 12 240 - - - - - -
sTIRA2 - - - - - - - - -
m — - - - — -— -— -— —
s m 2 338 asd £% 502 - - -
SpRe 207 220 - - - - - -— -
S12R63 %) - - - - - - - -
sz azs as a“s $07 s18 asy 718 147 s
$92R62 ° a5y a2 - - - - - - -
$92R83 a8 - - - - —_ - -
Aad for Braks 25 n ) [ ) [ ) 83 12
Add for Double
Otec Braks - -— - - - - ” 102 m
csmusA <

U USRWPTIANS RFTATT XG T 8w
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ATTACHMENT X1I

Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design - ) Page: XII-470f XII-50

Helical-Worm Gear Uriits —
A Lubrication 0= X

Each gear Unk is suppled from the faciory with the comect grade and quantty of lubricant for the specified mounting positon. The
following lubricants are suppied from our North American Faciltes. Under special Groumstances such as high or low ambient
temperatures optonal oils should be used.

Standsrd O . Optional Ot
" i | _ Amblemt Ambient
Gear Unita Tyve ;Iml'l’nap:ém Geer Unim" Tyse Marwtacturee | Tomperature
. c
Mobll SHC 634 )
= 18 o8 | [sa.; . | Metlawi® S e2s
2.1 1ot BH0834 | ot 01 Corp.
Mobdl Giygoyle ) 0 w60
S32-92 HESR
2.2 °"""M‘°° Sl 08Ca. | -1Sue2s
E~-2% - v IJ.E“ . Shell Ol Ca. 2310
(W] Minersi O :
S} Syresc o1
For ball and roller baarings of gear units the following (reates are recommended:
Mineral Greese Synthetic Greass
Amblont Amblent
Type Menutacturer Tanp.néun Type Merwtecturer Tona:tcnn
Mobksx EP2 Mobll Off Corp. =20 o ~40 Moblerne SHC X2 . Mobll Of Corp. «4S 1 +&3
Alveria Grease R Shell Olf Co. 30 1o +80

The aporoximats lubricant in US gallons/ters per mounting positon Is as follows:

| Mouring Bogition «  Input Shett

| S Toive Teapml o1 T 89 | 8w | g TGAaNT 1 || Gewiwr | Otemon
s x 007025101 1040100702510 180,801 0. 110,401 0070 2%

9 0059.201 0241.0 02109010310 10219001 0.291.1. 1016060
s %2 00800 0418l o2en0 toszpasivasnaloxn2iognelodsa tiA 1609 ° 03¥20
§ & 0160801 07428 | 00123 {024090] 1040 (08129 008281 04219

7 02311 | 1380 | 1140 [oayis| 2076 | 1ya8 | 1483 {opay|For compound drives, the R
[ 7] 038211 2410 | 1783 |03 | 2411 1_59_‘ 2911 | 14m0 recuoe reqQuIres its own od fling as
s 9% 1008 ) 5220 1 313 | 184sa | sa2y | 3en4 | sazt | 2ant | shownintheabove chart

Gear Unt" ViA, vis,

vim yua | Y3Y® H1 - a " L

n :0.910.4010.1910.4010.110.4010.0702%10.1AD 501D 16080{0.11/046010 11X 40 |
42 1031/0.9010.180.8010.180.8010.1104010210801 02311 (o2 g7s o8 70 |
! £2 02011 1021080102409010120451 02911 loagns [ 02en0 (0240

2 osiz3lossnt | 04218 1024000l 08123 oS |08t ) 05320
herd 1248 1 vty o2y {Qee gl 19040 | 169 108225 ] 09928

f (% 1088 1 1487 | 1458 lowal 15M7 ) 2910 | 1680 |

5% pe ) 2w o280 ) 188 0 Ity | oS40 | 3an2 § 3912 -

s usa 43

U IMAWPTRARS RPTATTXG 1 0624T)



[ T

[~

—

o

. ATTACHMENT XTI

Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00
Transport and Emplacement Equipment Design Page: XII-#8of XII-50
SECTION 7

HILMAN INC., HILMAN ROLLER CATALOG AP/94

VUNARPTRANS APTATT-Xa § 002697)



Title: Preliminary Waste Package

ATTACHMENT X1I
DI: BCA000000-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design . Page: XII-470f X11-S0

U UNANPTRANLAPTATT X} AT}




— [

.

Y

ctme Sammmcs

ATTACHMENT XII
Title: Preliminary Waste Package DI: BCA000000—01717‘0200-00012REV00
Transport and Emplacement Equipment Design Page: XII-52 of XII-5¢
QO'I', NT T SERIES
* INDIVIDUAL ROLLERS .75-75 TONS p———] A\——"‘"—‘l
r_.._—‘ H
e &
o b
g m
TS NT Seve OT v
Amdu#mmﬂmuﬁdmwnﬁh
- of modification possibiides swie OT, T, and NT Rollers The Yus OEM ieaders of .
h“ﬁd“ﬂnhnﬁunﬂhh’qﬁdnﬂwdm et |
For basic fnser oton, frees rofers are sesd as beariy skdes, corveyors. guides, o~ < L‘!‘_! CLE RNy
Ccastary o dolles. Typical appications incicde the sirsight motion recuired for harral - H .
penaion wder & RIMacs o hest snchenger, Be siies L mciser shiskd doors, [
tpeics down 63 1 COVEYCY in heavy Ge handing carit, In concas forming for the . -
caming and cswg process 83 well 1 P lsunching of heevy segrvents, itached ©0 3
oiis for e lsunching of huge ships, o 33 8 hesvy d.ty whesi-lke devics 1 moblkze
pranoxtaryt aeers. ron \ ,
The OT type has an gvarsizsd 0, o T iype e o ush [0, 3nd he KT hpe hes & — . ; .
g 70w 1op. The Kop plates a3 €xs senp b the Fame and variely b moudng -"'fml— " -
Capabiiien, making one hype ket kor Cavily srcert, bolton or weid mcurd, OT and NT A Tl RS
- Fickers are svadebies wih stancird o) plete sizas and ncunting hole paderme, which ol T —— 3
can be modiied b customer specicaions. Hien Blasomenc Prelcad Pads are swel- -
able in sither fatric Increcnatad o necorene korm for each rber model jed .
’ -y
PRODUCT NUMBERS DEOEMNIICNS (CHERA )
ACT LS /XO8.
™ m n wm‘ ] £ [ ] [} [ (-] L [] J .4 1§ ] L] » ] aﬂ’n or MY T
MMﬂvﬁutw?:!wlrsu'v tvxlr'maouunms.ui .;‘:u’\
2807 28NT 23T 23 M M2 e we » o od b4 3z MR e S b - Ve 2 4 n w2
W - (1] 1 [] L 14 \J ] A
(30T suT sT 3 gsmslg‘uwg‘noo'#numua-mln?cml?j = nw
ST ow eT v oo we me o s QU ur RN A b WW 4 Rew
1507  1SNT 18T "% '1‘1‘ 318 g e :;i! P e ¢ SLE 404 1TV 204 1008 .l ”‘M ||ﬂl +ans s o D z
00T IOMT 20T 20 148 3MAE 38 138 LE 3N 0 B2 e Ve o wubuvmcwnw [ - 4 @
a8 ™ 1) » (1) ] 9 (14 -
‘7SOT IS MT IIST 318 2 s ¥ A M W ¢ Wl N e 31 B 4 r tne & '] 2 14 a8
99 q 4 ] 140 b, ] <
Bo e BT B oot o e wote g owmel WU WA g BW C vee
el - N S T %
* OF, NT SERIES TURNTARLES .
* OF SERIES ROCKER TOPS
T YMMI”.
m
1
]
— —— X1 M
2 ’ r 0 Ny {7 =
—s
R
150 wit LW —gmgmTmn,r
Tusrtabies we svalabie for OT ard NT Sertes rcens in capaciies from § B OT Roter
fore 1o 75 e, Tumtadies bokt (o e bess roller unlf and sllow the roler b = S weeTs
wwival or provide some fresdom of leteral mosion In Accu-Adl appiicesions u-n-.m-a— o pm) TURITABLES | ROCKIOW
whese racis aren't perfecty paraliel. Connection hardwars & indludted, w L 2 Umsm I
Trerevarse (TRP) o Lengixdinal (LIRP) Rocker wos by fha OT Series 2 » i L1 »
Cortain o aftactment pletes cornacied by & pivet i azsetly, Roctan  Taxgr_vesht _isue  gveessoren saq X i8R0
o8 deined 10 be boked Ko the bess roler uni, then stached b elher fu I T > U e s
Youd or e suriace. anabling the rcller 1o folow n incing, o slow & x — = * :- = :
o o b hed,Eaurched,or rs ey postoned, Cameckn herg. ST TR el _XTe _pane in 8451000 =
e s nchuded

UONAWIFTILANRLAPTUTT-XEL 04T



