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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) Transport 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).

The objective of this analysis is to generate design input for the development of:

I. Preliminary drawings for WP transport and emplacement 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 trwated 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 document 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- IS.

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.

H.'DATA\AE.W.WD3(6W7i112:41)
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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-[
computer software was used to perform the stress analysis for the Gantry structural frame.
STAAD-1II facilities for steel design and code checking are based on the AISC-ASD code
(4.4.1).

6. The WP Transporter structure was designed using static load analysis. STAAD-m computer
software was used to perform the stress analysis for the Transporter structural frame.
STAAD-l 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 accomplish the objective as stated in Section 1., this analysis will:

1. Gather design input based on MGDS design requirements 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.

H:\DATAMANALSIEF17M.V6Y7.4(09I67fl2:4 1)
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4. DESIGN INPUTS

4.1 DESIGN PARAMETERS

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

4.1.2 Grades in the Mains are:

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

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

4.1.4 Excavated diameter of North Ramp is 7.62 m (Ref. 5.44).

4.1.5 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

4.1.6 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.UDATAANAL9S7UIW.W5t(01 97JIL -41)



Titfle: Preliminary Waste Package DI: BCAOOOOOO-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).

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

4.2.1 Equipment used for waste-handling operations shall be designed so that waste-handling
operations can be performed in reverse order to permit retrieval of emplaced WPs (Ref.
5.7, RDRD 3.7.4.lA.4).

4.2 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).

4.23 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.lC was
used -because it is site specific- until specific repository environments are identified.
(Used in Attachment 1).

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

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

H.iDATAlANALLNEUOO.W,.(OPIG97/tL241)
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43.2 b. Key 066 (Ref. 5.1, pg. 3-55): WPs will be placed center-in-drift, on pedestals, using
Gantry emplacement. (Used in Attachment V)

4.3.3 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 monitoring within the emplacement drifts.
(used throughout the analysis)

4.3.4 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.

4.3.5 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 mn 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)

4.3.6 Not Used.

4.3.7 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'equipment 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).

4.3.8 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% maximum for Gantry drive equipment sizing
purposes (Used in Attachment V).

H WATrANAZSSW.EFDt1.WPO.7(O9 *97I1t41)
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43.9 Emplacement Drift Temperatures

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

Maximum allowable air temperature in emplacement drifts during 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: 35CC - unventilated
Ramps: 350C - unventilated
Mains: 500 C
Emplacement Drifts: 2000 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).

43.10 Not Used

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

A. Outer Diarneter 1970 mm (Ref. 5.1, pg. 8-6, DCWP 005)
B. Outer Length: 5850 mm (Ref. 5.1, pg. 4-21, EBDRD 3.7.1J.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 (Usid throughout this analysis).
2. The OuterLength has been changed to 5.900 n. (Ref. 5.8, pg. 4-21, EBDRD 3.7.1J.1).
*3. The Loaded Mass has been changed to 70,000 kg, (Ref. 5.8, pg. 4-22, EBDRD

3.7.1 J.2).

4.3.12 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 L, Z V, and IV)

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

4.3.14 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

H:WDATAW4AL15PW7O.WPD.S(1697/12:41)
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of 0.8 allows for ihe WP emplacement operation (Ref. 5.44) (Used in Figures 7.9.2 thru
7.9.5 and Section 8.4.2).

43.15 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.
5.6, Volume III, Appendix B). (Used in Attachment 11 and V)

43.18 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 I and Ell)

Material Reference for Reference for
Material Density Material Type Material uigkness Tiioress

(kg/r) and Density .

Borated 920 Ref. 5.17. pg 21 101.6 mnm one layer Ref. 5.17, pg 75
Polyethylene *76.2 mmn one layer Ref. 5.17. pg 80
( 15%)

Carbon Steel 7832 Ret. 5.17, pg 20 152A. mn one layer Ref. 5.17, pg 75
.177.8 nmn one layer Ref. 5.17. pg 80

Stainless Steel 7949.7 Ref. 5.17, pg 20 5 mm two layers Ref. 5.17. pg 80

*The shielding dimensions and rmarerials for the WP Transporter are assumed to be 5 mm SS316L + 152.4
mm carbon steel + 101.6 mm berated (1.5% boron) polyethylene + 5 mnm SS316L in the radial direction; and S
nun SS316L + 177.8 mm carbon steel + 76.2 mm berated polyethylene + 5 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 shielding thickness by increasing the carbon steel thickness by 25A mm to account for 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/in (90 lb/yd) ASCE rail. This, assumption is a
conclusion from a previous analysis (Ref. 5.6. Appendix E). (Used in Attachments II 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 Attachments I and II) (TBV)

K.ATM AXXRE 97M .W O.9 9I69I1I241)
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43.21 Preliminary design assumptions for the subsurface repository are 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)

4.3.22 From a preceding analysis (Ref. 5.6, Appendix E), the track gage of 1.44 m (56½6 in.) for
both the Transporter and the Reusable Rail Car will be used. (Used in Attachments III and
IV)

4.3.23 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 A, Figure 14, pg. 11-42). (Used in Sections
7.4 and 7.9, Attachments II and V)

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

4.3.25 The Reusable Rail Car rail inside the Transporter and in the Emplacement Drift will be
44.6 kg/m (90 lb/yd) ASCE rail from a preceding design report (Ref. 5.6, Appendix E).
(Used in Attachment IV) (TBV)

43.26 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, Appendix E). (Used in Attachment
IV) (TBV)

4.3.27 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 V1I) (TBV)

4.3.28 The WP Transporter shall be moved from the surface WHB by two trolley-powered
locomotives located on each end of the Transporter and operating in tandem (Ref. 5.5, pg.
33). (Used in Attachment VII) (TBV)

4.3.29 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) (CV)

4.330 The gantry design shall allow for a minimum cearance 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)

4331 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

H .iDATAWNALTaSM WFD. 10C9 169711-41)
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centerline as the 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)

4.3.32 Shielded Electrical Cabinets are constructed of 51 mm (2 in.) thick ASTM A36 steel plate
(Ref. 5.36, pg. 77) (Used in Section 7.4.3.9) (TBV).

4.3.33 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, Attachment V) (TBV)

4.3.34 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 requirement. (Used in Section
7.4.3.2 ) (TBV).

4.3.35 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).

4.4 CODES AND STANDARDS

4.4.1 American Institute of Steel Construction (AISC)

AISC M016-89 - AISC Manual of Steel Construction, Allowable Stress Design, Ninth
Edition

4.4.2 American Society of Mechanical Engineers (ASME)

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

4.4.3 American Welding Society (AWS)

AWS D1.1-94 Structural Welding Code - Steel, Thirteenth Edition
AWS D14.I Specification for Welding Industrial and Mill Cranes

4.4.4 American Society for Testing and Materials (ASTM)

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

H:\DATA\ANALt5\£ XW.WD. 11 916t97/12t41)



Title: Preliminary Waste Package DI: BCAOOOOOO-0 1717-0200400012 REV 00
Transport and Emplacement Equipment Design Page: 12 of 94

4.45 Crine Manufacturers Association of America Inc (CMAA)

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

4.4.6 American Railroad Engineering Association (AREA)

Manual for Railway Engineering, 1994

4.4.7 American Society of Civil Engineers (ASCE)

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

4.4.8 Association of American Railroads (AAR)

Manual of Standards and Recommended Practices, Section C-Part H. Specifications for
Design, Fabrication, and Construction of Freight Cars, M-1001, Volume I Standard, Issue
of 1988.

5. REFERENCES
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5.2 U.S. Department of Energy, Quality Assurance Requirements and Description, DOE/RW-
0333P, Rev.7

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

5.4 Exploratory Studies Facility Design Requirements, YWICM-00 19, Rev. 2.

5.5 CRWMSIM&O, Evaluation of WE Transport and Emplacement Equipment,
DI:BCAFOOOOO-01717-0200-00002 Rev. 00

5.6 CRWMS/M&O, Mined Geologic Disposal System Advanced Conceptual Design Report,
DI:BOOOOOOOO-01717-5705-00027 Rev. 00, Volume 11

5.7 DOE (U.S. Department of Energy), Repository Design Requirements Document. YMPICM-
0023 Rev. 0, ICN I
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5.8 CRWMS/M&O (Civilian Radioactive Waste Management System Management and
Operating Contractor), Controlled Design Assumptions Document. DI:BO000000-01717-
4600-00032 Rev. 04, ICN 02

5.9 CRWMSIM&O, Seismic Design Inputs for the Exploratory Studies Facility at Yucca
Mountain. Technical Report. BABOOOOO-0 1717-5705-00001 REV 02.

5.10 Not Used

5.11. Not Used

5.12 CRWMS/M&O, QAP-3-12, Design Input Transmittal, H. A. Benton to D. G. McKenzie, l,
03-13-97.

5.13 CRWMSIM&O, Interoffice Correspondence, RWP Static Evaluation for Gantry Concept,
Zekai Ceylan, LV.WP.SMB.03195.103

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

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

5.16 Software Requirements Docunentfoi Structural Analysis and Design/Integrated Structural
Design System (STAAD-lI[SDS), 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.

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

5.18 Whiting Crane Handbook 1967. Third Edition, Whiting Corporation.

5.19 Prestressed Concrete Institute (PCI)

PCIDesign Handbook, 1985. Third Edition.

5.20 Not Used

5.21 Industrial D-C Motors Y&-3000 HP, 1997 Catalog, Reliance Electric.

5.22 Not Used

5.23 U.S. Motors, Constant Speed Gear Products, Catalog No. PB 460, 7/95
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L 5.24 REX Power, Transmission and Conveying Components, Bulletin R100, 1992

5.25 Not Used

5.26 Not Used

5.27 Ferdinand P. Beer and E. Russell Johnson, Jr., Mechanicsfor Engineers, Statics, 1956,
McGraw-Hill Book Company, Inc.

L 5.28 . Not Used

5.29 Marks Mechanical Engineers Handbook, 6th Edition, 1958, McGraw-Hill.

530 Not Used

L 5.31 Not Used.

532 Not Used.

533 Irwin Car and Equipment, Industrial Cars and Package Wheel Assemblies Catalog, 1992.

5.34 Not Used.

L 5.35 Not Used

5.36 CRWMS M&O, Perfonrmnce Confirmation Data Acquisition System, DI:BCA100000-
01717-0200-00002 REV 00

5.37 Not Used

5.38 CRWMS/M&O, Emplacement Drift Invert Structural Design Analysis, DI:BBDCOOOOO-
01717-0200-00001 Rev. 00.

5 5.39 Kasgro Rail Corp. fax from Gabe M. Kassab to Chris Weddle, 4/29/97, Rail Car Specialty
Listing, 125-ton equipment.

5.40 CRWMS M&O, Repository Rail Electrification Analysis, DI:BCACOOOOO-01717-0200-
00002 REV 00.

L 5.41 SKE, Product Service Guide, April 1992.

5.42 NACO Technology, Fax from Mark Benigas to Dave Harnann, 512197, NACO Tech. Dwg.
L No. 35958, Industrial Equipment, Willison Automatic Coupler.
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5.43 National Casting, Inc. Telecon from Mark Benigas to Dave Hamann, 512197, Subject:
Coupler Selection and Weight.

5.44 CRWMS M&O, ESF Layout Calculation, DI:BABEAD000-01717-200-00003 REV 04.

5A.5 Virgil Moring Faires, "Design of Machine Elements," Third Edition, The MacMillan
Company, 1955.

5.46 Not Used

5A7 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 Construction of
Mill Buildings, AISE Technical Report No. 13. August 1991.

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

5.51 CRWMS M&O, Repository Subsurface Layout Configuration Analysis, DI:BCAOOOOOO-
01717-0200-00008, REV. 00.

5.52 CRWMS M&O, EmplacementDriftAirControlSystem, DLDCA000000-01717-0200-00005
REV. 00.

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

5.54 STAAD-M Analysis portion of Attachment IL Waste Package Transporter Structural
Analysis, in electronic media form.

6. USE OF COMPUTER SOFTWARE

6.1 Computer hardware used for this analysis was a Compaq 5120, 120 MHZ Pentium.

6.2 STAAD-M, 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 are presented in Attachments I and H. Since
the software used has not been validated, all related outputs are designated TBV.
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7. DESIGN ANALYSIS

7.1 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, shielded WP
Transporter with Reusable Rail Car, Gantry Carrier, and DC power system.

* The emplacement system consisting of Emplacement Gantry, Gantry rails, and DC power
system.

e 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 Emplaccment 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 Emplacement 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

H:DATANAULU 5UM.W1D.I6MP0M=24)
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unloading of the WPs the Locomotive operation will be remotely controlled to prevent
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 system. 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).

v WP Transporter Unloader System Guides in Emplacement Drift - Provides 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 elevated 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 protection 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.

HA\DATAAAM.M.17(MM&4)
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7.1.2 Sequence of Operations

Transport of WPs to the underground repository begins with the loading of WPs onto a Reusable
Rail Car within the WEB. 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 4.328). 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 transpbrter 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
enabling the WP Transporter to be backed into the turnout towards the Transfer Dock and Isolation
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 theEmplacement 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 returns 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.

HADATAIANALEM700.WOD. I(090997/2:4)
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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 recouples to
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 m - 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 function the Transporter must complete the following
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.

7.2.3 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.
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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 (10A 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. Tle 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 miscellaneous 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 iused 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 underfrarne 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 VM 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 underfrarne.
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 m. A corresponding wheel
selection is of 762 mm (30 in.) diameter and a 57 kg/m (115 lb/yard) AREA rail. The wheels used
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in the bridge crane service are heat treated to a hardness of 58 RC (615 BE) and the rails to a 320
BHN. Refer to Attachment m 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 DC). 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 Locomotiye 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.

7.2.3.6 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 m).
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 m 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-lb) of torque and requires a 3¾ hp. 1750 rpm
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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.

7.2.3.7 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.

7.2.3.9 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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7.2.3.10 Wiring, Interlocks, and Instrumentation

The Transporter will be prewired in rigid conduit for power and control, 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 internal 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

7.2.4 Interfaces

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

*WIM
* 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 Turnouts

* 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-IIJIDS 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 I.

7.3 REUSABLE RAIL CAR

7.3.1 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
WHE 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.

733 Rail Car Subsystems

To accomplish these functions the Rail Car is composed of the following subsystems.

7.3.3.1 Underframe and MP Support Structure

The Rail Car is fabricated from ASTM A36 structural steel plate welded per AWS DI.l (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 mmn. 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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7.3.3.2 Wheel/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
selected 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 lblyd) 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 mrn) 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 WVB with the
WP. Locating tabs on the spacers fit into respective slots in the cradle, and position the spacers
against each end plate.

7.3.4 Interfaces

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

*WPs
*WEM

1. Rail
2. WP Loading System

* WP Transporter
1. Rail
2. Unloader
3. Rail Car Restraint

* Emplacement Drift Rail
* Emplacement Gantry *

7.35 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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7A EMPLACEMENT GANTRY

7.4.1 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 shielding, 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. 43.21), 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.

7.4.3 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:
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7.4.3.1 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 strength steels will be evaluated
for appropriate use during the final design process. An analysis for sizing the structural members
is presented in Attachment II.

7.4.3.2 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 diameter. For this analysis lifting height is dictated
by the following conditions:

1. Carrying 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 are met at the same time, the
condition resulting in the largest lifting height would control Gantry frame design. The dimensions
associated with each condition are as follows:

1. For carry-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

HADATANALM3.WMAXD.4
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150 mm - Clearance 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 mnn + 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
e 150 mm - Clearance over WP (see note to item No. 1 above)

Lift = 713 mm + I0 nmm + ISO run = 1863 mm
Refer to Figure 7A.7 (with lift height of 1863 mm, i.e. without WP carry-over capability 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:

* 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 rm + 75 mmn + 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 mn 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.
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7.433 Traversing System

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 ftlmin.), but will
be controlled not to exceed 0.711 rn/sec (140 ft/min.). 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 50 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 gearrnotor 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 the 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.

7A3.5 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 mmn 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 (21/4 in.) in diameter and are made in right hand and left hand
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pairs enabling the lifting 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 gearmnotors mounted on the top cross-member of
the Gantry. This base case drive option is shown in Figure 7A.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 moyement 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.I.1. For these reasons, the design as
depicted in Figure 7.4.1, is considered the best choice.

7.43.7 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 frarnes.
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.
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7.43.8 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.

7.43.9 Gantry Controls and Communications

The control 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-boird 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 minimum 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 locattd-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.

7.4.4 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
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* Emplacement Drift Gantry third rail electric power
* Remote control system
* Gantry Carrier
* Gantry Carrier third rail

7.4.5 Gantry Structural Analysis

A comprehensive structural analysis was performed on the Gantry structure using STAAD-IIIIDS,
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 supporting interfaces,
such as power.

The structural analysis for the Gantry is presented in Attachment II 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 member size and
arrangement of the Gantry design.

7.5 GANTRY CARRIER

7.5.1 Attachment Reference

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

7.5.2 Functional Requirements

The purpose of the Gantry Carrier is to transport 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.

7.53 Carrier Subsystems

The Carrier will be similar to a railroad flat car with 44.6 kg/rn (90-lb/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:
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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.

7.533 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 sarne as that provided with the Transporter.

7.53.4 Brake 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.

7.53.5 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.

7.53.6 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.
electrical 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.
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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 carry-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

1. North Ramp
2. Main Drift
3. Drift Turnout
4. Emplacement Drift Gantry rail

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 V1I - 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 Subsystemns

7.63.1 Overhead Trolley Power Connector System

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

7.633 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.

7.6.4 Locomotive Capacities

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

H:IDATAIANLItn9.WPD.7 1(Mr24)
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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 Tumout 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 turnout. 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 (56½i in.) rail gage. An alternate Locomotive, as
shown in Attachment Xl, 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 mmn (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
XII, Goodman Data Sheetfor 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 (56½2 in.) as identified above, the Locomotive
width was adjusted as follows:

Increase in track gage = 1440 m - 914 m = +526 mm

Assuming 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.
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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.
WME

* Rail and switch systems
1. North Ramp
2. Main Drift
3. Drift Turnouts

* 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 Emplacement 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
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* Provide controlled louvers or dampers for airflow when needed
* Resist varying thermal loadings
e Require low maintenance/high reliability

7.7.3 Arrangement

A swing-type 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 riminimum thickness of 25A mm (I 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 (1/2 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 Turnout and the Empldcement 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 design 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
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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 right-angle 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 the 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 accumulators. 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.
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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 pneumatic 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 they 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 Ell - 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 lb/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
E). The load capacity of this rail is based on a 320 BHN hardness and is verified in Attachment IlL

7.8.4 Main Access and Drift Turnout Rail

The rail system used in the main access and turnout area, which is subjected to the same loads as the
North Ramp, will also use the 57 kg/m (115 lb/yd) AREA rail. The track has both, straight and
curved rail sections. Each drift turnout from the main drift to the emplacement drift area will utilize
a remotely controlled track switch No. 4.
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7.8.5 Emplacement Drift Rail

The conventional 44.6 kgfm (90 lb/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 lblyd) 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
- Ramp invert
- Remote rail switch operator
- Other rolling stock, man trip cars and maintenance equipment

* Main Access and Turnout 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

7.9.1 Attachment Reference

None

7.9.2 Functional Requirements

Provide an elevated platform 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
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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 corresponding
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.

* 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 (see
Figure 7.2.2).

v The dimensions 1.22 m (top of Gantry rail to turnout 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).
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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:

i. 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 Carier
* 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 (1/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 programrned, 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 amount of logic and interlocks
required by the WP Transporter and Gantry Carrier. Remote I/O card racks will be on the WP
Transporter and Gantry Carrier and will be cable-connected to the control processor in the
Locomotive.

H-tDATA.ANALUaO.WPD.W(9097/2:24)
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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

8.1 GENERAL

Much of this analysis is based on prelirninary 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 selective emplacement and removal of WPs, if subsequently
required.

2. The following table summarizes the various operating conditions, lift requirements, and
orresponding drift diameters:

Shadow-Shield Carry-Over Lift Required Drift Diameter
In Place Required (nm) (m)

Yes Yes 2301 5.5
No Yes 2226 5.5
No No 1863 5.3
Yes No 2301 5.5
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Note: The lift exceeds the 2.0 m maximum drop capacity as indicated in Ref. 4.3.5.

3. A distance of 0.8 m from the bottom of the turnout 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 dimension.

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

5. 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 Turnout. 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.

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

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

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

9. The Emplaceihent 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.

8.2 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:
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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 4.3.1 1.

8.2.2 Emplacement Gantry

The Emplacement Gantry was analyzed in Attachment II. Figure 11-1 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 size 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 11-1).

C. The Gantry Structural Frame: Built-up box and channel sections (Figure 11-1).

The Emplacement Gantry, as analyzed, is satisfactory for the operational loading of six different
WPs shown in Sections 4.1.6 and 4.3.1 1.

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.
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8.3 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.
* 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.

8.4 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.
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8.4.1 Track and Drift Layout

1. A 20 m radius for the Drift Turnout 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.

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

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

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

5. A 57 kg/mr (115 Ib/yd) AREA rail is compatible with the Transporter, the Gantry
Carrier, and the Transport Locomotive(s).

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

8.4.2 Dimensional Relationships

1. 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.) in the Transporter and the
Transfer Dock to top rail in the Drift Turnout is required for this analysis.

3. A distance 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.

8.4.3 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.

H.UDATA\ANAL3AtSE7OD.WpD.91 I091 72:I7)
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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.

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

8.4.4 Waste Package Configuration, Dimensions, and Weights

1. A maximum WP weight of 69 MT is compatible with the requirements of this analysis.

2. A maximum WP diameter of 2.0 m is compatible with the requirements of hiUs analysis.

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

4. 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.

2. 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.

3. The assumption (43.30) 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. A travel speed of 8 krn/hr (Smph) in the North Ramp and Mains is compatible for WP
transport.

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

3. A Reusable Rail Car having 4 axles and 8 wheels is compatible with the loads from the
heaviest WP.
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4. A Reusabie Rail Car wheel diameter of 356 mnm (14 in.) is compatible with the loads
from the heaviest WP.

5. A Reusable Rail Car unloading speed of 7.6 in/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 nt/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.

8A.7 Intermeediate 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 and/or 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.

8.4.8 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.
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The changes as indicated above wiu not invalidate the basic design concept in the foregoing
conclusions.

9. ATTACHMfENTS

Attach-
ment: Pages: Description:

1. 45 Waste Package Transporter Structural Analysis

Note: STAAD-I Analysis and Stability Analysis portions of this
attachment, comprising paragraph/pages 1-39 through I-235, for REV
OOB, are located in Ref. 5.53, in electronic media form. These can be
located in RPC under Batch # MOY-970806-05

II. 78 Emplacement Gantry Swtctural Analysis

Note: STAAD-I Analysis and Stability Analysis portions of this
attachment, comprising paragraph/pages 11-68 through 1-804, for REV
OOB, are located in Ref. 5.54, in electronic media form. These can be
located in RPC under Batch # MOY-970806-05
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IV. 18 Reusable Rail Car - Mechanical Equipment Selections

V. 17 Gantry Loads and Equipment Selections

VI. 17 Gantry Carrier Weight and Wheel Selection

VI. 14 Transport Locomotive - Equipment Selection

VM. 6 Transporter/Gantry Carrier Truck Arrangement and Weight Analysis

IX. 7 Transporter Coupler Vendor Information and Weight
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XM. 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
represented in Metric units. Quantities and values derived
in the main body of this analysis are presented in this
rnianner. 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 auachrnents, 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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WASTE PACKAGE TRANSPORTER STRUCTURAL ANALYSIS

1.0 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 1, 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 III, 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 m, 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 lb/yd) = 30 lb/ft (Section 4.3.25)
Door Operator Gear Motor - 200 kg (0.44 kips) (Attachment HI, 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 = 5mm (0.20 inches) = 8.14 psf, round to

8. 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
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1.2 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 5335 50,423

1970 (77.6 in.) 5350 (210.6 in.) 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. 4.4.5)
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.

1.3.1 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 ft/min. (Ref. 5.6)
Use DLF = 1.2

1.3.2 Live Load 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

2.0 EXTRAORDINARY LOADS

2.1 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

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

U UI91MThAI 3WAWT 4 MUM
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23 Impact Loads (AAR M-1 001, Vol. 1, Ref. 4.4.8)

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

23.2 Vertical Dynamic Amplification Factor (AAR M-1001 Vol. 1, Section
4.1.11.1)

a= 1 + 2hH
Dow

where: a = amplification factor
b = distance between truck centers in feet = 3.66 m (12.0 ft)
h = vertical distance, centerline of coupler to maximum center of

gravity height in feet = 1.55 m (5.08 fi)

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. 7.22)
h= 61" (5.08 ft)

W = rail load limit less weight of trucks in pounds =
233.15 MT _ 2(11.0 kpz) = 223.17 MT (492,090 lb)

2120S krpWlMT
H = horizontal impact force (HIF) in pounds = 1,250,000 lb

Amplification Factor, a = 32

3.0 LOAD COMBINATION

The combined stresses shall be calculated 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 analysis.

3.2 Load Combination 3: Extraordinary Loads; Stress Level 3 (CMAA 70, Section
3.3.2.4, Ref. 4.4.5)

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

U UVM7MQ4 GMT1ArJ I
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3.2.2 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 subjected to critical impact loads

a (DL + LL) + 1.0 (HIF)

4.0 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:

* Performs critical tasks
* Must provide highest reliability

CMAA 70, Tables 3.4.7-1 and 3A.7-2A, Ref. 4.4.5
Service Class "F"
Joint Category B; allowable fatigue stress range = 17.0 ksi

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) =L0ksi

Use Total Allowable Stress . = 18.0 ksi

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

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

Use reduced Fy = oF' = 1A20 I = 27.3 ksi ASTM A-36 steel
0.66 0.66

4.2 Allowable Stress Level

Load Combination 1, Stress Increase 0-60 1.0; 0%/0 stress increase (CMAA
70, Section 3.4, Ref. 4.4.5) 0.60

Load Combination 3, Stress Increase =0.75 = 1.25; 25% stress increase
(CMAA 70, Section 3.4, Ref. 4.4.5) 0.60

U UVV'MMIS-.PM7TTT4 MU
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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 = I (36.3) = 2.20; 220% stress
0.60 p.77.3)

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

Note: The factor of (F60) 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(36) 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 overturning of NOG-4457
when subjected to the load combinations for normal and extreme
environmental loads (ASME NOGI-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 2 1.5 (Load Combination Case #1)

Extraordinary (Extreme Environmental) Loading Condition
Overturning Safety Factor 2 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 (including 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-I4l facilities for steel design will be based on the AISC-ASD code.
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7.0 STAAD-m MODEL

STAAD-1II 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-I1 MODEL LOAD DIAGRAMS

STAAD-I11 model load diagrams indicate model configuration with applicable model
members and joints identified.

Vu%3%1M RAM~r.rI ,M 1.19
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DIMENSION REFERENCE FOR
LOAD CASE 8 & LOAD CASE 9

I

. 50.
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10.0 STABILITY ANALYSIS
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STABIL=Y ANALYSIS:

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

A. Overturning safety factor at top of truck:

Dimension of transporter.

Length L - 7.37 MI ( 290.16 Inc, figure 7.2.3

HeightH- 3.09 M ( 121.65 inch),. figureI- I

Wind velocity pressure P =23.0 psf ( Attachment 1, Section 8.0)

Overturning force F - P X L X H

23.0 psf X 290.16" X 121.65" /144- 5637.87 LB- 5.64 Kips

Overturn moment at top of truck.

Distance from bottom transporter to top truck - 0.280 M (11.0'), Figure I - 1.

Distance from center of transporter to top of truck - 3.09/2+0.28 -1.825 M (5.99)

Oveurnibmm.Mot- FXarm- 5.64k X71.895 /12- 33.77 k-ft

Resisting moment at top of truck

Transport self-weight

Suppon reacton fomSTAAD m outpt ie" transpor" (,' 1 .53)

Support joint 201 Support joint 202

loadcascl Loadcan 2 load caseI Loadcun 2 total

175.76k - (-10.64)k + 118.83k + 31.64k - 315.59 k

Center tocetestrucksidebemnngB-1.27M(4.17) Fue I - I

Reistncemom.Mr-WXB/2- 315.59k X 50' /122- 657.48 k-ft

|SafetyfactorWMr/Mot- 657.48 1 33.78 - 19.46 > 1.1 OX

U U%%W"MSL 3.PA1T.,1K
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B. Overurniing safety factor at top of rails:

Distance from center of transporter to top of rails. Figure I - 1.

Moment asm - 3.09 /2 + 0.98 - 2.525 M (9.28)

Overturn mom. Mot- F X am 5.64k X 99.41 /12-. 46.72 k-ft

Ressting moment at top of rails

Rail gage B I = 1.44 m (4.72), Figure 1 - 1.

- Resistance mom. Mr- W X B/2 = 31S.59k X 56.7" /(2X12) 745.58 k-ft

Safeyfator-Mr/ M ot - 745.58 1 46.72 - 15.96 > 1.1 OK

C. Overturning of wind loading in longitutdinA direction to transporter by inspection is OK

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

rails) and because longitudinal wind loading is only appro*ixmately 401/ of trwnverse wind load

(,width I length of transporter 2.94 M/ 7.37 M ).

U WMTIA 1 IPAT7ItJX4
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v

'. Seismic loading (transverse) on transporter with Waste Package and Rail Car.

A. Overturning safety factor at top of truck:

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

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

Distance from W P center to top of truck =l.89 M (6.2), Figure I - 1.

An upper bounding for Rail car center of gravty 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 (ft) = M ot ( k - ft)

Transporter

WP

Rai Car

3 15.59k

152.2k

24.3k

X 0.27

X 0.27

X 0.27

X 65.6"

X 74.4"

X 43.2"

M ot

/12=

/12 -

112 -

465.81

254.78

23.62

744.21

Resisting moment from top of truck.

B - l.27 M (4.17')', Figure I -1

Transporter

WP

Rail Car

315.59k

152.2k

24.3k

x
x
x

SOo

SOo

M5

1(12 X2) -

1(12 X 2) -

/(12X2) -

657.48

317.08

50.63

1025.19

k-ft

k-ft

k-ft

k-ft

Safetyfactor-Mr/Mot= 1025.19 / 744.21 - 1.38 > 1.1 OX

UiiwT xduPNr&71nL1
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B. Overuring safety factor at top of rails:

Distance from transporter gravity center to top of rail 2.366 M (7.67'), Figure I - 1.

Distance from Waste Package center to top of rail - 2.59 M (8.50'), Figure I - 1.

Distance from rail car gravity center to top of rail -l.798 M (5.9), Figure I - 1.

Items Wegit(k) ground Acc. Height(ft) - Mot(lb-ft)

Transporter 315.59 X 0.27 X 93.2' /12 - 661.79

WP .152.2 X 0.27 X 102.0" /12= 349.30

Rail Car 24.3 X 0.27 X 70.8" /12 - 38.71

M ot - 1049.80

Resistance moment from top of rail.

Center of center of rail B 1 1.44-M (4.721), Figure I - 1.

Transporter * 315.59 X 56.7" /12/2- 745.58

WP 152.2 X 56.7" /122- 359.57

Rail Car 24.3 X 56.7 /112t- 57.41

M.= 1162.56 k-fR

| Safetyfactor-Mr/Moat 1162.56 / 1049.80 - 1.11 > 1.1 0oK

C. Longtdinal seisic load on transporter by inspection is OK becau longitudinal supports

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

VVWMArPrr1LU
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3. Vertical 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 I - 1.

Items Weight ( k ) Height ( in ) = M ( k-ft)

Figure I - I

Transporter

WP

R.ai Car

Tnrck

total-

distance -

.315.59 X 93.2" /12 -

152.2 X 102.0" /12-

24.3 X 70.8" /12 -

22.0 X 27.6" /12 -

514.09 (rn3.sm0T)
3938.75 / 514.09 n

2451.08

1293.70

143.37

50.60

3938.75

7.66 ft

Gravity of center is 7.66 X 12 - 92.' from top of rail < 98' ( Attachlent L section 5.2 ) is OK
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ATTACHMENT II

EMPLACEMENT GANTRY STRUCTURAL ANALYSIS

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 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.

U ut% anaW7I VrF11a I PCX"IflI 03)
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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 lb (Attachment V - Section 3.6)
Lifting Head Trolley Screw (Ea.) 30 PLF (Attachment V - Section 3.5)
Hoist Frame Drive (Ea) 800 lb (Attachment V - Section 3.4)
Hoist Frame Screw (Ea.) = 430 lb (Attachment V - Section 3.3)
Gantry Bogie Wheel and Bearing Housing (Ea.) = 340 lb (estimated)
Gantry Bogie Wheel Drive Motor (Ea.) - 400 lb (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. 4.4.5)
The weight of the trolley and the equipment attached to the trolley.

Lifting Head (Ea.) = 1000 lb. (estimated for this analysis)
Trolley (Ea) = as determined by this analysis

1.3 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
WP JT (mm) (mM) Xg

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

1970 (77.6 in.) 5350 (210.6 in.) 69,000 (152.2 kips)
1850 5850 69,000

uusnt 0"W11,11
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NOTE: Lifted load shall include weights of waste package, hoist frame, and
trolley for design of gantry structural frame.

1.4 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
equipment.

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% s .O05 X hoist speed (ft/lmin) X 100 s 50%
Hoisting Speed = 0.74 mlmin. = 2.43 ft/Rmin. (V - Section 3.0)

0.005 X 2.43 ft/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

1.5 Tractive Inertia Forces from Drives (IFD) (CMAA 70, Section 3.3.2.1.1.5, Ref.
4.4.5)
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/SEC2 ) but not less than 2.5 percent of the
vertical (live and dead) load.

Gantry acceleration/deceleration rate = 1.0 ft/sec2 (V - Section 3.0)
Tractive Force percentage of vertical load (IFD) = 7.8 (1.0 ft/sec2) = 7.8% >

2.5%

IFD = 7.8% x [fill crane dead load and lifted load]
Use IFD = 7.8% (99.2 + 152.2) = 19.6 kips

U UW,6wMrAKS MAT* A MtU116h014
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1.6 Crane Side Thrust Forces

1.6.1 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)

1.6.2 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) - Longitudinalflransverse
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 Longitudinal to Gantry Runway (OPFL)
Maximum Grade Emplacement Drift = 0.75% (Section 4.3.8)

Rail Installation Tolerance Maximum Vertical Rate of Change = 1/4" in 20
ft = 0.10% (CMAA 70 Table 1.4.2-1, Ref. 4.4.5)

Additional Tunnel Construction Tolerance Differential 1 I 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 (fill crane dead load

and lifted load]
Use OPF-Longitudinal = 1.27% (99.2 + 152.2) = 3.2 kips

1.7.2 Transverse to Gantry Runway OPFT
Rail Installation Tolerance Rail to Rail = 3/16" (CMAA 70 Table 1.4.2-1,

Ref. 4.4.5)
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

u urW4vAnVrAr&T. I M ic
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2.0 ADDITIONAL LOADS

2.1 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,1, which depends upon the ratio
of the span to the wheel base.

Gantry Ratio = SPAN .26 2.65; =5%
WHEELBASE 1000 mm

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

2.2 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 ganty 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

2.3 Vertical Racking Force to Gantry (VRF)
Rail Installation Tolerance Rail to Rail = :3/16" (CMAA 70 Table 1.4.2-1, Ref.
4.4.5)

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"

2.4 Temperature Forces

2.4.1 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 1220F
Consider gantry unrestrained from normal expansion, therefore, neglect

thermal stresses in gantry structure

2.4.2 Effect of Heat on Strucra Steel (AISC M016-89, Part 6 pg 6-3 & 6-5, Ref.
4.4.1)
Short-time elevated-temperature tensile tests on the constructional steels
permitted by the AISC Specification indicate that the ratios of the elevated-

vUaIwnm oenmTr-u & (WlW31
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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 3007F 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 11000 F
for quenched and tempered alloy steels, and 1300'F for other steels.

3.0 EXTRAORDINARY LOADS

3.1 Collision Forces (CF) (CMAA 70, Section 3.3.2.1.3.2, Ref. 4.4.5)
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. Report #3, Section 7.6.2, Ref 5.49
Maximum Allowable Deceleration Rate = 16 ft per sec2

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 ( 32 pe see 62.9 kips

Use CF = 62.9 kips each side gantry

3.2 Seismic (EQF)
Horizontal and Vertical Acceleration = 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 = 1.34

1.1 (99.2) * 1.5 (152 2 ) = 1.4
99.2 + 152.2~ )

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

3.3 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.

* u0%W1A14RFlTT.I 41MMVllS03
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4.0 LOAD COMBINATION; 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 (II-
Section i0.0, Figure 11-6):

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 following 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(I+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(I+HLF) + IFD + OPF + LTF + NTF (or SK,
whichever is greater) + HRF + VRF

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

4.3.1 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

5.0 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:

* Perforrns critical tasks
* Must provide highest reliability
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CMAA 70, Tables 3.4.7-1 and 3.4.7-2A, Ref. 4.4.5
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. ksi
Use Total Allowable Stress = 18.0 ksi

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

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

Use reduced Fy = of. = 1TO. 0i = 27.3 ksi, ASTM A-36 steel
0.66 0.66

5.2 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 = 0.60 = 1.0; 0% stress increase
0.60

Load Combination 2, Stress Increase =,0 66 = 1.1; 10% stress increase.
0.60

Load Combination 3, Stress Increase =* ̀1 =125; 25% stress increase
0.60

6.0 ALLOWABLE DISPLACEMENTS

6.1 Gantry Girders

Description D2isplacement

Vertical Deflection (ASME-NOG-1-1995, ACL w/o Impact 5P4

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, A : 50
Ref. 4.4.5)

6.2 HorizontalDisplacement- Bogie Column (ASMEENOG-1-1995, SectionNOG-4345,
Ref. 4.4.2)
Side thrust at the runway rail due to gantry leg spreading caused by girder span or
cantilever deflection or thermal movement shall be held at an acceptable level by

UJA3I4W7MAM W7 rr-0.9 (UZfh110 01)
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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.

Descripto Displacemnent

Allowable gantry leg spreading use 0.3"

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

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

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

Extraordinary (Extreme Environmental) Loading Condition
Overturning Safety Factor 2 1.1 (Load Combination #3)

8.0 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 Steel:

ASTM A36 Plates, bars and shapes

8.2 Weld Material:

AWS D14.1 E70XX Electrodes

9.0 DESIGN METHODS

The Waste Package Emplacement Gantry will be designed using static load analysis.
STAAD-III computer software will be used to perform the stress analysis for the gantry
structural frame. STAAD-I1 facilities for steel design and code checking will be based on
the AISC-ASD code.

U %WVT4SRn%%TT-0 ,ot"97I,001)
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10.0 STAAD-III MODEL

STAAD-I11 model diagrams indicate model configurations with model members and joints
identified. The basis for each computer model is shown in Figures HI-I, 1I-2, 11-3, 11-4, 11-5,
and II-6. Member centerline offsets are not shown in model diagrams for clarity, but are
identified in the STAAD-I1 input and output files.

utu snRWTAIET'ATT4II (Uiflhl4
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GANTRY COmPUTER MODEL JOINT COORDIINATES

No. of
Joint

No. of
Joint

No. of
jointx Y* Z x Y Z x Y z

101
102
103
104
105
106
107
108
I11
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
141
142
143
144
145
146
147
148
149

-34.2
5.2

305.2
344.6
-34.2

5.2
305.2
344.6
-50.0
-34.2
-14.5

5.2
20.0

290.0
305.2
324.9
344.6
360.0
-50.0
-34.2
-14.5

5.2
20.0

290.0
305.2
324.9
344.6
360.0
-30.0
-14.5

0.0
20.0

155.2
290.0
310.4
324.9
340.0

0.0 -52.1
0.0 -52.1
0.0 -52.1
0.0 -52.1
0.0 52.1
0.0 52.1
0.0 52.1
0.0 52.1

13.0 -52.1
13.0 -52.1
13.0 -52.1
13.0 -52.1
13.0 -52.1
13.0 -52.1
13.0 -52.1
13.0 -52.1
13.0 -52.1
13.0 -52.1
13.0 52.1
13.0 52.1
13.0 52.1
13.0 52.1
13.0 52.1
13.0 52.1
13.0 52.1
13.0 52.1
13.0 52.1
13.0 52.1
18.0 -52.1
18.0 -52.1
18.0 -52.1
18.0 -52.1
18.0 -52.1
18.0 -52.1
18.0 -52.1
18.0 -52.1
18.0 -52.1

151
152
153
154
155
156
157
158
159
171
172
173
174
181
182
183
184
185
186
187
M88

189
190
191
192
193
194
251
252
253
254
281
282
283
284
291
292
293
294

-30.0
-14.5

0.0
20.0

155.2
290.0
310.4
324.9
340.0
-14.5
324.9
-14.5
324.9
-14.5
* 0.0
155.2
310.4
324.9
-14.5

0.0
155.2
310.4
324.9
-14.5
-14.5

324.9
324.9
-14.5
324.9
-14.5.
324.9
-14.5

324.9
-14.5
324.9
-14.5

324.9
-14.5

324.9

18.0 52.1
18.0 52.1
18.0 52.1
18.0 52.1
18.0 52.1
18:0 52.1
18.0 52.1
18.0 52.1
18.0 52.1

100.5 -52.1
100.5 -52.1
100.5 52.1
100.5 52.1
122.0 -52.1
122.0 -52.1
122.0 -52.1
122.0 -52.1
122.0 -52.1
122.0 52.1
122.0 52.1
122.0 52.1
122.0 52.1
122.0 52.1
122.0 -28.5
122.0 28.5
122.0 -28.5
122.0 28.5
13.0 -58.6
13.0 -58.6
13.0 58.6
13.0 58.6
13.0 -45.6
13.0 -45.6
13.0 45.6
13.0 45.6
18.0 -58.6
18.0 -58.6
18.0 58.6
18.0 58.6

301 -14.5
302 324.9
303 -14.5
304 324.9

18.0 -45.6
18.0 -45.6
18.0 45.6
18.0 45.6

Hoist in high position

1
2
3
4
5
6
7
8

0.0
10.0

300.4
310.4

0.0
10.0

300.4
310.4

119.9 -52.1
119.9 -52.1
119.9 -52.1
119.9 -52.1
119.9 52.1
119.9 52.1
119.9 52.1
119.9 52.1

Hoist in nid. position
1 0.0 70.0 -52.1
2 10.0 70.0 -521
3 300.4 70.0 -52.1
4 310.4 70.0 -521
5 0.0 70.0 52.1
6 10.0 70.0 52.1
7 300.4 70.0 52.1
8 310.4 70.0 52.1

Hoist in low position
1. 0.0 33.0 -52.1
2 10.0 33.0 -52.1
3 300.4 33.0 -52.1
4 310.4 33.0 -52.1
5 0,0 33.0 52.1
6 10.0 33.0 52.1
7 300.4 33.0 52.1
8 310.4 33.0 52.1

u owpw"Lw4 a"'ATT.W.La



-N.

TROLLEY COMPUTER MODEL (TROLY-LB)
-Joint coordinates

Joint no. X Y Z

II 0.0 0.0 -52.1
12 -43.0 0.0 -52.1
13 0.0 0.0 52.1

17 -43.0 0.0 52.1
5 -43.0 0.0 0.0

I6 -28.5 0.0 0.0
12 17 -28.5 19.5 0.0

~~16..

.L .

x --- joint no. 5@.
--- member no. 14
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TROLLEY COMPUTER MODEL (TROLY-LF)

Joint coordinotes
- .. .

Joint no. x Y z

7

1 0.0
2 43.0
3 0.0
4 43.0
5 43.0
6 28.5
7 28.5

0.0
0.0
0.0
0.0
0.0
0.0
19.5

2

I

-52.1
-52.1
52.1
52.1
0.0
0.0
0.0
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Bfi

E.'

I'a
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a
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x --- Joint no.
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11.0 WASTE PACKAGE SIZE/LOAD COMPARATIVE ANALYSIS
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Waste Package Size i Load Comparative Analysis

STAAD III input file," wp-compastd" for wase package size/load comparative analysis,

provides the input to determine the rnamum moment in the hoist frame during vertical and

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

Diameter Length WP Loaded mass Mz

WP type (mm) (mm) (Kg) kips (kip-ft)

4 DHLW 1785 3790 30,51.1 67.265 142.06

12PWRUCF 1298 5335 32,236 71.266 103.81

44 BWR UCF l604 5335 46,424 102.347 139.06

21 PWRUCF 1650 5335 50,423 111.164 149.04

- 1970 5350 69,000 152.114 194.54 * Conrl

- 1850 5850 69,000 152.114 163.19

Waste Package at dia. = 1970 nun length = 5350 mm, and load mass = 69,000 kg control

emplacement gantry design for structural and deflection analysis.

V Uswr1AMG RPATT48L
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0D
34.0 f _

3i w

I

: a

a J

8mCO4PARATIVE ANALYSIS age WASTE PACKACE - .-. 69 MTON L . 5850mm -



ATTACIIMENT [I
Title: Preliminary Waste Package DI: BCAOO00-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: 11-31 of II- 78

rile: WP-CCHPA.atd Paqe: 1 of 2

staad space cosparatsve Vp loads
vo3969/qancry-ltvp-co=Va vaste packages load comparisons

page length 72
unit kip inch
,oInt coordinates
I 0. -24. -52.1:2 10.0 -24. -52.1:3 300.4 -24. -52.1;4 310.4 -24.0 -52.1
S 0. -24. 52.1;6 10.0 -24. 52.1;7 300.4 -24. SZ.1:6 310.4 -24.0 S2.1
.62ber Incadence 2
I 1 2 3:4 S 6 6:11 2 6:12 3 7
ee Iffset

11 12 aart0 3 0
t11 IZ a4 0 3 0

constant
z steel all
density Steal all
start user table
table 1
tube
T20xlO
79.88 20.0 10.0 2.25 42C2 1065 100 90.0 45.0
end
Mmber property
1 to 6 upt I ZOaxlO
11 12 ta at tube do 16 wt I th 0.3125
support
1 4 S 3 pinned
lOADinq I vertical and lateral load ILL-30.511scon. L-3.790-1
SCLR1ICN= Y -1.0
selfweiqht z -0.27
Member load
2 5 con qy -16.82 14.5
2 5 con gy -16.82 215.9
2 5 con qg -4.54 14.5
2 5 con q9 -4.54 21S.9
lOADing 2 vertical and lateral load (LL-32.2i6 wton. L-5.33Sfl
SELM.CSC8 Y -1.0
selfvwqtht z -0.27 -
member load
2 5 con gy -17.82 44.1
2 S con gy -17.62 246.3
2 5 con qz -4.81 44.1
2 5 con ga -4.11 246.3
lOADing 3 vertical and lateral load (LL46.424 mton. L-5.33Sm)

sELMZow r -1.0
selfwsiqht 2 -0.27
member load
2 5 con gy -25.59 44.1
2 5 con gy -25.59 246.3
2 5 con g: -6.91 44.1
2 5 con qz -6.91 246.3
lOADing 4 vertical and lateral load ILL-S0.423aton, L-S.335M1
SzLsIc r -1.0
.elfweight z -0.27
member load
2 5 con gy -27.79 44.1
2 5 con gy -27.79 246.3
2 5 con gz -7.50 44.1
2 5 con g: -1.50 246.3
LFAAing S vertical and lateral load (LL-69. nton. L-S.3S0mu
SrZUSIGCHT Y -1.0
s*lfveight z -0.27
*cmber load
2 5 con gy -38.03 43.8
2 5 con gy -38.03 246.6
2 5 con gz -10.27 43.1
2 5 con qz -10.27 246.6
LOADing 6 vertical and lateral load (LL-69. nton. L-5.t50)

MMLIYVSCXI Y -1.0
selfvetght z -0.27
meaber load
2 S con gy -31.03 33.96
2 5 con gy -30.03 256.44
2 5 con gx -10.27 33.96
2 5 con qz -10.27 256.44
221.?M4 ANALY3SZ
unit inch

U U"wpnril4Iananf4rX



Title: Preliminary Waste Package
Transport and Emplacement Equipment De

ATTACIMENT II
DI: BCAOOOOOO-01717-0200-00012 REV 00
sign Page: II-32 of II- 78

File: WF-CCPA.std Paq*: 2 of 2

Paraaetmr3
fyld 27.3
code a15C
check code
usat feet
print support reacteon
prxnt joint displacemant
load list I
print mamforce *nv
load list 2
prmnt iaxforce tnv
load list 3
print maxforce env
lead list 4
print aaxforce env
load list 5
print maxforce env
load list C
print baxtorce env
steel take off
finish

u U,*uwrrIA)GIrAwu:m



ATTACHMENT II
Title: Preliminary Waste Package DI: BCAOOOOOO-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: II-33 of II- 78

Ujar ID: uk
-PAc NO. I

*.---... t---.....**.... .......... -. t*9*.*~l..

-* T A A D - III
* ~ VReaLon 22.0V
* Propr .Cary FroqraM of
* Research Znqxnours. Inc.
* Dat-. HY 19. 1997

TLmA- 16:14:18

* tlSZA SD: uX *

1. STAAD SACt CC*PARAArv? VP LOADS
2. * VO39691GAXTRy-1 1/Wp-COMFA WASTE PAC)QGEt LOAD COMPAM SCNS
3. AG!Z LENCSN 72
4. UWIT XKI INCH
5. JOSYT COORDINATES
6. 1 0. -24. -52.1:2 10.0 -24. -52.1:3 300.4 -24. -52.1:4 310.4 -24.0 -52.1
7. S 0. -24. 52.1:6 10.0 -24. 52.1;7 300.4 -24. 52.1,3 310.4 -24.0 52.1
6. )rRsu INCIDENCES
9. 1 1 2 3:4 S 6 :1ll 2 gi12 2 7

10. )5Z1t OmzSET
11. 11 12 START 0 3 0
12. 11 12 tND 0 3 O
13. CONSTANT
14. E 5SZCL ALL
15. DENSITY STERL ALL
16. STAAS USER TABLE
17. TABLE 1
1i. TVBZ
19. T20X10
20. 79.11 20.0 10.0 2.2S 4262 10CS 100 90.0 4S.0
21. X3D
22. KRz PROPERTY
23. 1 TO 6 UT I T20X1O
24. 11 12-TA ST TUE! DS 1C VT I TS 0.3125
25. 5UPPORT
26. 1 4 5 I PINWED
27. LOADINC 1 VERTICAL AND LATZRAL LOAD (LL-30.SIMTOX. L-3.790Hl
23. SEZLSVIQ Y -1.0
29. SELMW2ICHS Z -0.27
30. K7MER LOAD
31. 2 5 COX CY -16.62 74.S
32. 2 S COX CY -1C.82 215.9
33. 2 S CON C2 -4.54 74.5
34. 2 5 CON CZ -4.54 215.9
35. LOADING 2 VERTICAL AND LATRAL LOAD (Lt-32.236 KTON. L-5.33SN3
36. SuLrmzxcr Y -1.0
37. SELMvE IG'H? -0.27
31. MZPMZk LOAD
39. 2 5 CON CY -17.02 44:1
40. 2 5 CON GY -17.62 244.3
41. 2 S CON CZ -4.11 44.1
42. 2 S CON CZ -4.61 244.3
43. LOADING 3 VERTICAL AND LRAERAL LOAD (LL-46.424 WTON. L-5.335S2
44. SEXMNIOSCH Y -1.0
45. SZLFZtEIGtT 2 -0.27
46. )MM0t LSAD
47. 2 S CON CY -25.59 44.1
49. 2 S CON CY -25.59 246.3
49. 2 S CON CZ -C.91 44.1
SO. 2 S CON CZ -6.91 24C.3
51. LOADING 4 VERTICAL AND LASJAL LOAD (LL.S0.423XTMN. L-S.335X)
52. 5ZSUIIGHET Y -1.0
53. SZElhGM1T Z -0.27
54. IMEMR LOAD
S5. 2 S CON Cy -27.79 44.1

U '21kw7ThAN1 3JrATT.UULd



ATTACHMENT II
Title: Preliminary Waste Package DI: BCAOOOOOO-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: II-34 of II- 78

User ID: ak
COMPARJTUIV VP LOADS -- 'AGZ NO. 2

* 0396S9 I/GAW=Y-lI Wp -CCMPA MSTE PACXACC
5C. 2 S CON CY -27.79 246.3
57. 2 5 CON CZ -7.50 44.1
5 2 5 CO Gz -7.50 246.3
59. LOADSNC 5 VCttiCAL mm .AzrDAL LOAD iLL-69. HTON, L-S.3SOK)
60. SEL?!ZSGHT Y -1.0
61. SELIEIGHT S -0.27
*2. KEhR LO"D
63. 2 S CON CY -38.03 43.8
64. 2 5 CON GY -36.03 246.6
65. 2 3 CON C: -10.27 43.1
66. 2 5 CON CZ -10.27 246.6
C7. LODING 6 VERTICAL AnD LTERAL LOAD (LL-69. KTON, L-5.MSK1
63. SELMIGHT Y -1.0
69. SELIVEIGT r -0.27
70. MZR LOAD
71. 2 5 CON CY -33.03 13-96
72. 2 S CON CY -33.03 256.44
73. 2 S CON CZ -10.27 33.96
74. 2 5 COtt CZ -10.27 256.44
75. PE1rOM ANALYSI5

PRODLE.N SSXTSSSSSC

NwzER orF JorNTStKnM9tR#LDMW1S/SUPFORTS - I/ S/ 4
ORiCiNAL/riAX. wAnD-vrDIW - 4/ 3
TOTAL PRIMARY LOAD CASES W 6. TOTAL DECREES or FREEDom - 36
SIZE OF STIFFNESS mrini x 756 DOMELE PREC. WORDS
RZQRD/AVAIL. DISK SPACE * 12.02/ 669.3 MD, ZXOQ - 56.6 t

44 Processing Clement Stiffneas Katrix. 16:14:20
.4 Processing Global Stiffness Katrix. 16:14:20
* Processing Triangular ractori2ation. 16:14:20
*- Calculating Joint Displacements. 16:14:20

C. Calculating ieumer Forces. 16:14:21

7C. UNIT INCH
77. PARAM)TES
7C. rYLD 27.3
79. CODE AISC
S0. CHECK CODE

U U11VSWAN$I7ItTr4BLX$



ATTACJMENT II
Title: Preliminary Waste Package DI: BCAOOOOOO-1717-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: 11-35 of II- 78

User SD: mk
-- PXZ NO. 3COMPARANTIVE WP LCADS

* g6M9MC9 .JTRY-11/Pw-COMA WASTE PACP.CE

STAAD-Z11 COo CHZCXlHC - (AiSCi
.......................

ALL UNITS AZ - KIP IXCH (UNLESS OTHERV755 NOTED)

MzEzR TALLZ ZESULT/ CRITICAL CORD/
TX . KY

RATIO2 LMA ING
1(1 LOCATIfON

. _ ._._ ............... _ .... 
...... 

._...................

I

2

2

4

S

6

11

12

ST

ST

ST

ST

ST

ST

ST

ST

TZX10

T20X10

T20X1O

T2OXIO

T20XIO

T20X1O

TUs Z

TUB s

PASS
4.98 C

PASS
0.34 T

PASS
4.91 C

PASS
4.93 S

PASS
0.34 C

PASS
4.98 T

PASS
0.13 C

PASS
0.13 C

RZS MN

AISC- Kl-3
113.22

AXSC- Hf2-
-164.12

AISC- 11-3
113.22

AISC- K2-1
111.62

AXSC- H1-3
-165.28

ASSC- H2-1
111.62

AXSC- H1-3
277.34

AXSC- H1-3
-277.14

0.096
-416.33

0.105
-402.17

0.096
-416.32

0.095
-416.26

0.109
-430.42

0.095
-416.26

0.470
0.40
0. 470
0.40

S
10.00

S
0.00

S
0.00

S
10.00

S
0.00

S
0.00S
0.00

31. UNIT FEET
52. PRINT SUPPORT

u %%WWntAMLK"ATf.2&Md



Title: Preliminary Waste Package
Transport and Emplacemcnt Equipment De

ATTACHMENT II
DI: BCAOOOOO-01717-0200-00012 REV 00

sign Page: II-36 of II- 78

User ro: ak
_ PAGE. NO. 4COQARATIVE VP LOADS

* W03969/G6 N:XRY- 1IVP-coXPA WASTE PACKAGE

SUPPORT RgACTIONS -VNST KIP FMET ss2UTUcRE TYPE * SPPcz

JOSNT LOAD rORCZ-x FoRCe-Y roA- HON-x HON-Y MOH 2
I

2
3
4
5
6

4 1
2
3
4
S
6

5 1
2
3
4
S
6

a .1
2
3

6

3.24
2. 60
3.52
3.78
4 . 90
4 .29

-3.24
-2.60
-3.52
-3.76
-4 .90
-4.29
-3.24
-2.60
-3.52
- 3.7t
-4 .90
-4 .29

3.24
2.60
3.52
3.76
4.9,
4.29

20.54 5.C2
21.14 5.69
29.31 7.99
31.51 *.5S
4L.7S 11.35
41.75 11.33
20.54 5.62
21.54 5.59
29.31 7.99
31.51 6.5S
41.75 11.35
41.75 11.35
20.53 5.46
21.53 5.73
29.30 7.83
31.50 3.42
41.74 11.19
41.74 11.19
20.53 5.46
21.53 5.73
29.30 7.63
31.50 6.42
41.74 11.19
4 1.74 11.19

0.00
0.00
0.00
0.00
0.00
0.00

.0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0D
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0 .00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.CO
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

E.u or 1)TEST ANALYSIS P.ZS¶ILT

63. PRSNT JOINT DISPLAZCEENT

U UIWrnLAM R.PArrTT4SL?



AITACHMENT I1Title: Preliminary Waste Package DI: BCAOOOO O-017i7-0200-00012 REV 00
Transport and Emplacement Equipment Design Page: 11-37 of I- 78

Us r ID: Mt
C0IPAAATIVr WV LWWSD -- PAGr NO. 5

* W03999/CJIGXfT1l1/P-CoHA UASTZ FACD.CZ

JOSNS DZSPWCEMENT (INCH RADIANSI ST1UCTVRZ TYPE - 5PACE
_- - - -- -- -- -- -- --

JOINT LCAD X-TRP.S Y-TRX S Z--TRANS X-XOTAN Y-ROTAN Z-FOTAN

I O.OOCOO 0.00000 0.00000 0.00002 0.00031 -0.001S2
2 0.0000o o.00000 0.00000 0.00001 0.00015 -0.00122
3 0.00000 0.00000 0.00000 0.00002 0.00013 -0.00165
* a.co0oo O.0OOOC 0.00000 0.0002 0.00095 -0.00171
5 0.00000 0.000C 0.00000 0.00002 0.00124 -0.00234
6 0.00000 0.00000 0.00000 0.00002 0.00101 -0.00202

2 1 -0.00001 -0.01531 -0.00113 0.00002 0.00030 -0.00151
2 -0.00001 -0.01235 -0.00657 0.00001 0.00064 -0.00121
3 -0.00002 -0.01472 -0.00889 0.00002 0.00007 -0.00164
4 -0.00002 -0.01796 -0.00954 0.00002 0.00093 -0.00176
s -0.00002 -0.02364 -0.012ss 0.00002 0.00123 -0.00232
6 -0.00002 -0.02044 -0.01087 0.00002 0.00106 -0.00200

3 1 0.00001 -0.01531 -0.00813 0.00002 -0.00030 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 -0.0179C -0.00954 0.00002 -0.00093 0.00176
S* 0.00002 -0.02344 -0.01255 0.00002 -0.00123 0.00232
6 0.00002 -0.02044 -0.01017 0.00002 -0.00106 0.00200

4 1 0.00000 0.00000 0.00000 O.OOOOZ -0.000.1 0.00152
2 0.00000 0.00000 0.00000 0.00001 -0.00065 0.00122
3 0.00000 0.00000 0.00000 0.00002 -0.00063 0.00165
4 0.00000 0.00000 0.00000 0.00002 -0.00095 0.00170
S 0.00000 0.00000 0.00000 0.00002 -0.00124 0.00234
6 0.00000 0.00000 0.00000 0.00002 -0.00101 0.00202

5 1 0.00000 0.00000 0.00000 -0.00001 0.00000 -0.00154
2 0.00000 0.00000 0.00000 -0.00001 0.0006S -0.00124
3 0.00000 0.00000 0.00000 -0.00001 0.00066 -0.00161
4 0.00000 0.00000 0.00000 -0.00001 0.00094 -0.00180
S 0.00000 0.00000 0.00000 -0.00001 0.00124 -0.00237
6 0.00000 0.00000 0.00000 -0.00001 0.00107 -0.00205

6 1 0.00001 -0.01553 -0.00607 -0.00001 0.00079 -o.C0153
2 0.00001 -0.01252 -0.0051 -0.00001 0.00064 -0.00123
3 0.00002 -0.01696 -0.00113 -0.00001 0.00036 -0.00167
4 0.00002 -0.01122 -0.00943 -0.00001 0.00093 -0.00179
S 0.00002 -0.02397 -0.01250 -0.00001 0.00122 -0.00235
6 0.00002 -0.02073. -0.01081 -0.00001 0.00105 -0.00203

7 1 -0.00000 -0.01553 -0.00107 -0.00001 -0.00079 0.00153
2 -0.00001 -0.01252 -0.00651 -0.00001 -0.00064 0.00123
3 -0.00002 -0.01696 -0.00833 -0.00001 -0.00016 0.00167
4 -0.00002 -0.01622 -0.00941 -0.00001 -0.00093 0.00179
S -0.00002 -0.02397 -0.01250 -0.00001 -0.00122 0.00235
6 -0.00002 -0.02073 -0.01031 -0.00001 -0.00105 0.00203

6 0.00000 0.00000 0.00000 -0.00001 -0.00060 0.00154
2 0.00000 0.00000 0.00000 -0.00001 -0.00065 0.00124
3 0.00000 0.00000 0.00000 -0.00001 -0.00063 0.00168
4 0.00000 0.00000 0.00000 -0.00001 -0.00094 0.00160
5 0.0OO0 0.00000 0.00000 -0.00001 -0.00124 0.00237
6 0.00000 0.00000 0.00000 -0.00001 -0.00107 0.00205

*--* - ED OF SA2Z5J ATJULYSIS RESULT *

04. LOAD LIST 1
S5. PRINT UMXFrRCE LW

V %"-W7TIM4 R.lATT-mLLu



ATTACHMENT II
Title: Preliminary Waste Package DI: BCAOOOOOO-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: 11-38 of II- 78

User ID: uLk
-- FACE NlO.COMAXATIVE VP LOADS

* WO3969/CANTRY-11W?-CCHPA ASJTE PACIQZE

HEF t ORCE ENVLOPE

ALL UNITS AME Kip F1EE

Mm.X AND mxI roRCE VALuES AMONGST AM SZCTION LOCAXTOK3

me rsr
rz

I 9AX 20.54
S. 62

KIN 20.31
5.56

2 MAX 20.10
5.43

M12t -20.10
-5.43

3 MAX -20.31
-5.5S6

MIN -20.54
-5.62

4 FMX 20.53
5.46

MIN Z0.30
5.40

S MAX 20.10
5.43

MIN -20.10
-5.43

6 MAX -20.30
-5.40

Xim -20.53
-5.46

11 MAX 0.21
-3.46

myX -0.20
-3.46

12 HAX 0.2 1
3.46

mIII -0.20
3.46

DISS
DS1T

0.00
0.00
0.83
0.13

0.00
0.00

24.20
24.20

0.00
0.00
0.13
0.83

0.00
0.00
0.83
0.83

0.00
0.00

24.20
24.20

0.00
0.00
0.33
0.83

0o.0
0.00
3.63
3.63

0.00
0.00
3.63
5.63

LD nz
LD my

1 0.00
1 4.64
1 -17.02
1 0.00

1 -14.25
I 23.17
1 -140.53
1 -10.31

1 0.00
I *4.64
1 -17.02
1 0.00

D1ST LrD
DlSS LI)

0.00 1
0.83 1
0.83 1
0.00

0.00
12.10
12.10
0.00

0.53
0.00
0.00
0.63

rx D1ST LD

3.24 C 0.00 1

3.24 C 0.33 1

0.22 T 0.00

0.22 T 24.20

I
I.

3.21 C 0.00 1

3.Z4 C 0.83 1

3.24 S 0.00 1

3.24 S 0.33 1

I.
I
I

I
I

I
I*
1
2

1
1
I
I

I
I
I
I

0.00
4.53

-17.01
0.00

-17.78
23.07

-142.06
-10.41

0.00
4.53

-17.01
0.00

0.03
15.04
-0.42

-15.00

0.03
1S.00
-0.42

-15.04

0.00
0.83
0.03
0.00

0.00
12.10
12.10
24.20

0.83
0.00
0.00
0..83

0.00
0.00
4.34
8.63

0.00
3.63
4.34
0.00

0.22 C 0.00

0.22 C 24.20

I

I

3.24 T 0.00 1

3.24 S 0.53 1

0.13 C 0.00 1

0.02 C 3.63 1

0.13 C 0.00

0.02 C 3.6

I

I

*@v * END 0 or roCEz ENVLopz FROK INTERL STORACC *

86. LOAD LIST 2
67. PRINT HAXrORCZ ZNV

U d ITtA.3LX9



A1TACRMENT II
Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: II-39 of 11- 78

U3mr ID: ox
-- PA= N0. 7_ COMPARTIVE VP LOADS

I W039G9/GAfTRY-11/VW-CO)FA UJASE VACIQzZ

xo1R roRcE tNVrLcOp

ALL UNITS AAE )aP nZT

KXX AND My rORCr VPZUZ5 AJNGST ALL SECTION LOCATIONS

mel rrtry,

1 MAX 21.54
5.39

law 21.31
S .03

2 KXY 21.10
5.70

myG -21.10
-5.70

3 MAX -21.31
-5 . 3

MXN -21.34
-5.3S

4 KXX 21.53
5.73

MNX 21.30
5.67

5 PX 21.10
5.70

M5X -21.10
-5.70

6 MAX -21.30
-5. 7

myW -21.53
-5 .73

11 MAX 0.21
-2.78

GMU -0.20
-2.73

12 MAX 0.21
2.78

KIW -0.20
2.7B

DS5S LW
DSSS LO

0.00 2
0.00 2
0.33. 2
3.63 2

0.00 2
0.00 2

24.20 2
24.20 2

3.00 2
0.00 2
0.33 2
0.83 2

0.00 2
0.00 2
0. 3 2
0.33 2

0.00 2
0.00 2

24.20 2
24.20 2

0.00 2
0.00 2
0.33 2
0.33 2

0.00 2
0.00 2
3.63 2
8.63 2

0.00 2
0.00 2
3.63 2
.63 2

-1

-I

K2/ DIST W
mY DIST LD

0.00 0.00
4.33 0.33

17.35 0.33
0.00 0.00

17.24 0.00
15.34 12.10
02.53 12.10
-7.19 0.00

0.00 0.83
4.35 0.00

17.35 0.00
0.00 0.03

0.00 0.00
4.75 0.83

-17.*5 0. 3
0.00 0.00

.13.46 0.00
15.75 12.10

L03.S1 12.10
-7.29 24.20

0.00 0.33
4.7S 0.00

-17.65 0.00.
0.00 0.33

.0.03 0.00
12.03 0.00
-0.42 4.34

-12.04 3.46

0.03 0.00
12.04 6.63
-0.42 4.34

-12.03 0.00

Tx D0t5 LD

2

2

2
2

2
2

2
2

2
2

2
2

2
2

2
2

2
2

2
2

2
z
2
2

2
2

2
2

2.60 C 0.00 2

2.60 C 0.13 2

0.13 T 0.00 2

0.13 S 24.20 2

2.60 C 0.00 2

2.60 C 0.63 2

2.60 S 0.00 2

2.40 S 0.63 2

0.13 C 0.00 2

0.11 C 24.20 2

2.40 T 0.00 2

2.60 S 0.13 2

0.13 C 0.00 2

0.02 C e.6c 2

0.13 C 0.00 2

0.02 C 6.63 2

- @- -.. OND Or VORCE ENVELOPE VIH SNTUNAL SSO1= *

33. LOD LIST 3
79. PRINT MXrORCE ZSW

UUtaWrRAM PPrr.IUX 1
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U3er 10: uk
-- PACE ItO. I_ COMFARATIVS WV LOADS

I W03969/GARRY-1l/W?-COHPA WASTE PACKXCC

HMEMER FORCE CNVtLOPZ

ALLL UNITS RAU KIP FEZT

tox A" MIN roncz vixkLvs AmonsT ALL s5CSSON LocXSSON5

zn rY/ DSST
rz DIST

I MAX 29.31 e.00
7.99 0.00

HMI 29.0$ 0.83
7.93 0.83

2 MAX 28.17 0.00
7.80 0.00

Him -2P.37 24.20
-7.80 24.20

3 KXX -29.08 0.00
.7.93 0.00

MIN -29.31 0.83
-7.99 0.33

4 MAX 29.30 0.00
7.83 0.00

mix 29.07 0.33
7.77 0.83

S AXX 23.87 0.00
* 1.30 0.00

Mix -23.37 24.20
-7.30 24.20

6 NM. -29.07 0.00
-7.77 0.00

mix -29.30 0.83
-7.13 0.83

11 MAX 0.21 0.00
-3.76 0.00

MIN -0.20 8.68
-3.76 8.43

12 MAX 0.21 0.00
3.76 0.00

MIN -0.20 8.48
3.76 8.68

LD
LD

3
' 3

3
3

3
3
3
3

3
3
3
3

3
.3
.3
3

3
3
3
3

3
3
3
3

3
3
3
3

3
3
3
3

K2/
MY

0.00
6.63

-24.33
0.00

-23.49
21.03

-137.39
-9.72

*0.00
6.63

-24.33
0.00

0.00
6.50

-24.32
0.00

-25.16
20.94

-139.06
-9.32

0.00
6.50

-Z4.32
0.00

0.03
16.36
-0.42

-16.32

0.03
16.32
-0.42

-16.36

025?

0.00
0. 3
0.33
0.00

24.20
12.10
12.10

0 .00

0.33
0.00
0.00
0.83

0.00
0.83
0.83
0.00

24.20
12.10
12.10
0.00

0.13
0.00
Ot.00
0.3

0.00
0.00
4.34
8.63

0 .00
8.63
4.34
0.00

LD
LS

3
3
3
3

.3
3
3
3

3
3
3
3

3
3
3
3

3
3
3
3

3
3
3
3

3
3
3
3

3
3
3
3

rx DIS5 LD

3.52 C 0.00 3

3.52 C 0.83 3

0.24 S

0.24 S

0.00

24.20

3

3

3.S2 C 0.00 3

3.S2 C 0.83 3

3.52 S 0.00 3

3.52 S 0.83 3

0.24 C 0.00

0.24 C 24.20

3

3

3.52 t 0.00 3

3.52 S 0.83 3

0.13 C 0.00 3

0.02 C 3.68 3

0.13 C 0.00 3

0.02 C 8.68 3

E CND Or RCE ENVELOPE FROH INTZEWAL STORAGZ *** '-

90. WOAD LIST 4
91. PRINT HAXCORCZ zNw

U ~kW7ANS LF ArTTZLX I I



ATTACHMENT II
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User ID: mk
-- PAGZ N0. 9_ COMPARATIV VP LOADS

W03969/CANTRfY- I/W-cOMPA WASTE PAC2=

HECtR rotct ENVELoCE

ALL UNTSS5 AE KIP rrET

X AND MIN rORCE VALUES ANOST AL SECTION LOCATIONS

7r,
rz

1 MlX 31.51
*8.53

HIN 31.28
8.52

2 MAX 31.07
d.39

MIN -31.07
-8.39

3 MAX -31.23
-3.52

tIN -31.51
-'.5'

4 MAX 31.50
8.42

MIN 31.27
8.36

S MAX 31.07
3.39

MIN -31.07
-8.39

6 MX -31.27
-3.36

KIN -31.50
-1.42

11 MAX 0.21
-4.04

MUN -0.20
-4.04

12 MAX 0.21
4.04

MIN -0.20
4.04

D015
DI ST

0.00
0.00
0.83
0.83

0.00
0.00

24.20
24.20

C.00
0.00
0.13
0.t3

0.00
0.00
0.83
0.83

0.00
0.00

24.20
24.20

*0.00
0.00
0.83
0.03

0.00
0.00
3.63
8.63

.0.00
0.00
8.C3
8. 6

LD HZ/
1D MY

4 0.00
4 7.13
4 -26.16
4 0.00

4 -25.26
4 22.49
4 -147.25
4 -10.43

4 0.00
4 7.13
4 -26.16
4 0.00

4 0.00
4- .99
4 -26.16
4 0.00

4 -27.05
4 22.39
4 -149.04
4 -10.53

4 0.00
4 4.99
4 -24.16
4 0.00

4 0.03
4 17.56
4 -0.42
4 -17.52

4 0.03
4 17.52
4 -0.42
4 -17.56

D1ST 1.
DS5S LD

0.00
0.33 4
0.33
0.00

0.00
12.10
12.10
0.00

0.33 4

0.00 4

0.00 4

0.33 4

0.00
0.33
0.33
0.00

24.20
12.10
12.10
0.00

0.83
0.00
0.00'
0.83

0.00
0.00
4.34
8.68

0.00
8.63
4.34
0.00

IX D1ST LD

3.78 C 0.00 4

3.78 C 0.83 4

0.26 S 0.00

0.26 S 24.20

4

4

3.78 C 0.00 4

3.73 C 0.33 4

3.78 S 0.00 4

3.70 S 0.33 4

0.26 C 0.00

0.26 C 24.20

4

4

3.73 S 0.00 4

3.73 S 0.33 4

0.13 C 0.00 4

0.02 C 3.63 4

0.13 C 0.00 4

0.02 C 8.61 4

†- ------ END c'r ORCE ENVEOPE FROK ImrIOL STORAGE

92. LOAD LIST S
93. PRINT MlXXORCE J1NV

U UMSrLAM 1YATr4OILK 12



ATTACUMENT II
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COMGARATIVE VP LcADs

* W039S9/GAXTRY-jj1w-co0PA WASTE PACKAGE

Uso. lb: ak
-- PACE MO. 10

omCu roxcz tnzizopt

ALL UNITS AMZ KIP rE

IUX AnD MIN roRc vAES A"GST AM SECTION LOCATIONS

KZ~s rrt
rz

I)U.X 41.75
11.35

imN 41.52
11.29

2 MAX 41.31
11.16

Mix -41.31
-11.16

3 )OX -41.52
-11.29

mix -41.75
-11.35

4 HUX 41.74
11.19

KSN 41.51
11.13

S MAX 41.31
11.16

KMI -41.31
-11.16

6 MAX -41.S1
-11.13

HIN -41.74
-11.19

11 MAX 0.21
-5.32

HSN -0.20
-5.32

12 MAX 0.21
5.32

MN1 -0.20
S .32

0D57
DS5S

0.00
0.00
0.83
0.33

0.00
0.00

24.20
24.20

0.00
0.00
0.03
0.13

0.00
0.00
0.13
0.13

0.00
0.00

24.20
24.20

0.00
0.00
0.23
0.93

0.00
0 .00
3.'c
3.63

0.00
0.00
3.'.
3.66

LO

S
5
S
S
S
S

5
S

S
S

.5
S

S
S
S
S

S
5
S
I

S
5
S
S

.5
5

.5
S

0.00
9.43

-34.49
0.00

-33.51
29.11

-192.13
-13.63

*0.00
9.43

-34.69
*0.00

0.00
9.30

-34.69
0.00

-35.87
29.07

-194.54
-13.77

0.00
9.30

-34.69
0.00

0.03
23.11
-0.42

-23 .07

0.03
2.3.07
-0.42

-23.11

DIST

0.00
0.33
0.13
0.00

24.20
12.10
12.10

o .00

0.33
0.00
0.00
0.13

0.00
0;.83
0.83
0.00

0 .00
12.10
12.10
0.00

0.93
0.00
0.00
0:13

0.00
0.00
4.34
3."

0.00
3.63
4.34
0.00

LU

S
S
S

S
S
S

5
S
S
S

S
S

S
S

S
5.-

S
5
S
S

S
S
S
S

S
S
S
5

tx D0ST LD

4.93 C 0.00

4.93 C 0.63

0.34 r 0.00

0.34 T 24.20

5

S

5

S

4.93 C 0.00 S

4.93 C 0.83 S

4.91 t 0.00 S

4.98 S 0.83 S

0.34 C 0.00

0.34 C 24.20

S

S

4.93 T 0.00 S

4.91 IT 0.33 S

0.13 C 0.00 5

0.02 C 8.63 S

0.13 C 0.00 5

0.02 C 3.68 5

*'******** E>D or roitcz zNVEcOPz rTH INTEMnAL STORtAG ****'*'**

94. LOAD LIST 6
95. PRINT tOXXORCZ ENv

V%]"WnAK3lMT=.3fLI1



A1TACHMENT II
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3s ID: ink
-- PAZE NO. 1CO4PAPATZVZ VP LOADS

* 1i3969/GAJRY-.II/UP-CCMIA WASTE PACI=CX

I=ZR FORCE ENVELOTE,

ALL UNITS ARE KIP rECT

HAX AND HSIN ORCL VRLuZs AMOUCST AM SECTION LOCAXTIONS

QM rYf
Ft

1 MX 41.75
11.35

KIN 41.52
11.29

2 MAX 41.31
11.16

MIN -41.31
-11.16

3 MAX -4:.52
-11.29

MIN -41.75
-11.35

4 MAX 41.74
11.19

MIn 41.51
11.13

5 HOX 41.31
11.16

MIN -41.31
-11.16

6 IOX -41.51
-11.13

MIM -41.74
-11.19

11 MAX 0.21
-4 .59

IN3 -0.20
-4.59

12 MAX 0.21
4.59

MIN -0.20
4.59

DIST 1.D
DIST LD

0.00 6
0.00 6
0.33 6
0.33 6

0.00 6
0.00 6

24.20 6
24.20 6

0.00 6
0.00 6
0.33 6
0.33 6

0.00* 6
0.00 6
0.83 6
0.33 6

0.00 6
0.00 6

24.20 6
24.20 6

0.00 6
0.00 6
0.33 S
0.33 6

0.00 6
0.00 6
S.6s 6
3.63 6

0.00 6
0.00 6
3.63 6
1.63 6

Kr

0.00
9.43

-34.69
0.00

-33.6C
23.93

-161. 16
.-10.50

0 .00
9.43

-34.69
0.00

0.00
9.30

-34. 69
0.00

-35.71
23.13

-163.19
-10.59

0.00
9.30

-34.49
0.00

0.03
19.93
-0.42

-19.39

0.03
19.39
-0.42

-19.93

DIST
D1ST

0.00
0.33
0.33
0.00

0.00
12.10
12.10
0.00

0.33
0.00
0.00
0.83

0.00
0.e3
0.83
0 .00

0.00
12.10
12.10
0.00

0.83
*0.00
0.00
0.13

0.00
0.00
4.34
e.63

0.00
8.63
4.34
0.00

Lb
Lo

6
6
6
6

4

6

6
6
6
6

6
4
6

6

6
6
6

6

6
6
6

6

6
6
6

6

6
6
6

rx DI3T LD

4.29 C 0.00 6

4.29 C 0.13 6

0.30 T 0.00

0.30 T 24.20

6

6

4.29 C 0.00 6

4.29 C 0.13 6

4.29 T 0.00 6

4.29 T 0.33 6

0.30 C 0.00

0.30 C 24.20

6

6

4.29 T 0.00 6

4.29 T 0.33 6

0.13 C 0.00 6

0.02 C 3.63 6

0.13 C 0.00 6

0.02 C 0.68 6

END Or FORCE ENVELOI rROK INTERNXL STOPACE *

96. STEEL TAXZ orT

V UiWrIAM RrlATr1tX ,I
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User ID: Ask

-- pAZ NO. 12COKPA.ATV? LOWWS

* WO3919 /GAITY-lt/WP-CMNPA WA3Tt PACIOWE

STEZL uAx-OFr
______________

PROtSSZ

ST T20X1O
ST TUB Z

LENGTH(rml wZsafT(lap 1

51.73 14.034
17.37 0.316

S ----L-- 14.35

**-****.... END OF CATA PROM TNTERXAL STOWE *-**-*-.....

97. rul(SH

............... END or 5SAAD-1ZI *-------'''

OATZ- MOXY 1,1997 SDC- 16:14:24 O@

* Fot quetims an STIO-II, contact:
* R*s2arch Inqlnets. Snc at
* West Coast: Ph- (714) 974-2300 rax- (714) 921-2543
* East Coast: Ph- (501) 111-3526 rax- ISO$) 555-7230

u luWrMAM k,'Arr.-sLLIS
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12.0 STAAD-UI 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 frarne. 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, 100I/ 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-I1I model 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-IMl input and output files. Applied loads eccentric
to joints are shown in the load diagrams. Resulting concentrated moments due to these
eccentricities (load x eccentricity) are not shown in load diagrams for clarity, but are
identified in the STAAD-III input and output files.

II-45UUw#s6 7TuMsj7R"Mr&I3.J IOSWII10S3) 14
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Trolley Structural Analysis

See STAAD II rtm files

"troly-if" for front trolley

"troly-lb" for back trolley

In direction of travel: Front trolley vill be designed to resist 100% longitudinal loads, SO/0
vertical, and S0% lateral loads (Section 4.3.119).

Back trolley will be designed to resist 50°% longitudinal loads, 50% vertical, and 50/s latral
loads (Section 4.3.119).

vuMwPr1rPMTAr4ftT1t



Title: Preliminary Waste Package
eTransport and Emplacement Equirpment De

ATTACHMENT IH
DI: BCAOOOO0O-01717-0200-00012 REV 00
sign Page: 1147 of II- 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 frme structure (Attachment 11,
Section 10.0, Figure 11-6).

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

Hoist Frame Position
Centerline of Gantry Frame

Above Top of Rail

119.9 inch

STAAD KII File Name

High position

Mid-position

Low position

70.0 inch

33.0 inch

"gantry-h

'gatry-m"

"gantry- "

v u3I4WTseM RrMTT-33IL U



LOALD CASE

GANTRY DEAD LOAD IDL)

oi .0.-% m
1* 00

0.03 & XI

t 141 &

tvo
oI~TOP OF RAIL

0.6 0o-
0

XXX INDICATE .JOINT 0

141 0. - INDICATE MEMBER

041,E -INDICATES LOAD ECCENTRICITY
yo

GANTRY COMPUTER MODEL



LOAD CASE 2
TROLLY DEAD LOAD (TL

-3

*1

pn

Mm

VI

-0

ERl 0

o

-Jv E

0 Z

1OP Of RAIL

XXX - INDICATE JOINT

(B . - INDICATE MEMBER

GANTRY COMPiUTER MOELi



LOAIJ CASE 3

WASTE PACKAGE LOAD ILL)

S3

o-V

c;a-

'tq

o °

4,

eso
5j $

_.
01o

TOP OF RAIL

XXX - INDICATE JOINT

- INDICATE MEMBER

GANTRY COMPUTER MODFi



W

Id

to3

o D
*1

'A

t*

*0

C t

p3

to

D 0a

14 0
. e0

"4 0

0

1,e

a

o )

"N

-N 4

,~ X

0e

RAIL

XXX - INDICATE JOINT

e - INDICATE MEMBER

E - INDICATES LOAD ECCENTRICITY

GANTRY COMPiUTFR MOELi



L UOAD CASE 5
LONG ITUD INAL S IDE THRUST z LTF )

0S

c.

C1

p

ea 0

a

.0

* C
ei 0

IA o

o

a it
X e

-OP or RAIL

INDICATES LOAD ECCENTRICITY

GANTRY-COMPUTER-MODEL



a.

o -

no

_.0

nOw

-J

(I0"

RAIL

- INDICATES LOAD ECCENTRICITY

GANTRY COMPUTER MODEL



LOA, CASE 8

TRANSVERSE OUT OF PLUMB (OPFTX
V.

-w

* -~
V.

e D
.0
C

Vto
gO
-. 0

3 0.

o

0~

RAIL

INDICATES LOAD ECCENTRICITY

GANTRY CnMPUTER MODEL



LOAD tCASE 6

TRANSVERSE SIDE THRUST (NTF)
.4

!-

*1*a

fi s

ol <
3o

A 0

ow

u a

_-JC

U' *

So

0.4°

TOP OF RAIL

- INDICATES LOAD ECCENTRICITY

GANTRY COMPiUTFR MOELi



-s

0

ft,

i..

to

D.4

0

E0

n

to-

w t

O.

0q 0

a 0

0

0
e_

o >

-l3 go

OF RAIL

GANTRY COMPUTER MODEL



LOAD CASE 10

HORIZONTAL RACKING (HRF)
0z

_I

00

to

Bo

0

* W

U O

(" 0

-. 0

0 a

0

-N a
0

o .-

:t3

70P OF PAIL

CANTRY COMPiiTR MOELi



LOAD CASE 11
VERTICAL RACKING IVRF)

>

4,

In

on

..

0z
tD

o _

* a

D 0

D. 0
4 0

0 e

o -o

P0

-TOP OF RAIL

GANTRY COMPUTER MODEL
2



PI*

to

0

'ae -

o a

It

* ^

3 0

TOP OF RAIL *

So

N TR IC I TY ° N -

o t

8-

INDICATE JOINT

INDICATE MEMBER

INDICATES LOAD ECCE

GANTRY COMPUTER MODEL



-..

tI

-I

e w

AI 0

3. 0

32 c

D 0

c~ .

o -'

0 n

RAIL

INDICATES LOAD ECCENTRICITY

GANTRY COMPUTER MODEL



LCQtv CASE 14

TRANSVERSE SEISMIC (EOF)

D..

o -.

D o

o 3

°, a

C.D

M

U Cf
D. D

4 0

C_.1

3 0

o
r ol

o °o Z
0-I

RAIL

INDICATE JOINT

INDICATE MEMBER

INDICATES LOAD ECCENTRICITY

GANTRY COMPIITPR MODEL



i

I
r I

SELF I -Le

LOADING 2 ( TL )
LH. 2 LN- 3

LOADING 3 (LL )

I k

17

76.1 k

SlRJCt7E DATA

TYPE * SPACE
W. 7

164- 5

17

4*iA:9

E.:

I
S.

tof

;P.
ma,

S0t.

0g-a

DO 4 LW. 5

LOADING 4 ( IFD I LOADING 5 XLF )

9.8 k

17

.3.7-b"

12.4 k

(M NC ci
4 TOA4D P7ST-tL 4 T 2Jl DAIE sMAY 22. I7

tiTL[. SACK TROLtEV C~UtEll iHEL



I
LH- S kW 7

LOADING 6 I NTF )

STMJCTURC DATA

TYPE * SPACE

NJa 7

M. 5

LOADING 7 C OPFL )

1.6 k
17

i.

a af
E.

I

A -4

8 =

L . .

LOADING 8 (OPFT )
LNW 12

LOADING 12 (CF )

62.9 k
17

UNIT INC" eIPj.7-7J.s

7?*DA @ LS1* BMI MAIEN MAt 22. I7

WIMLE. BACK TabLEt CRMUIER MODEL



i

I
SELF X 1.

LOADING 13 ( EOF )
Li. 13

20.6 k
17

S1RUC1fIAE DAIA

TYPE * SPACE

tu . 7

W4. 6

SELF Z -1.

LOADING 14 ( EOF ) Ii"' 24
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13.0 STABILITY ANALYSIS
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GANTRY STABILITY ANALYSIS

gantry self.weight

from support reactions of load case I and 2 in STAAD m arAkysis Ganry-H"

Gamny weight load case I

Support joint weight ( k)

113 21.49

118 21.48

123 21.48

124 21.48

Sub-tow - 85.93 k

trolley weight

Support joint

113

118

123

124

Sub-total

Load case 2

weight (k)

2.71

2.71

2.71

2.71

- 10.84 K

tota gpmny self weight- 10.84 + 8S.93 - 96.77 Up

96.77 Idps t 2.205 kips per MT - 43.89 M ton ---

Less than estmazed weight 45 M ton, dh fore it is OK.

UWrTRA9 aMATrM IS
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1. Hoist frame at high position by longitudinal direction forces IEFD, L1F and OPFL

OvernL-ning force and moment

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

loading No. Description force

(k)

4

S

7

WD

LIT

OPIL

19.60

24.80

3.20

X arm

(in)

X 159.5

X 159.5

X 159.5

(k-in)

= 3126.20

= 3955.60

- 510.40

II
I
i

I

- 7592.20 k-in

resistance force and moment

arm d distance between center of gantry columns. 8.619 m ( 339.3 inch), Fig= 11 - 3

support joint 113

loading No. force

1 gamy

2 trolley

3 WP

Support joint 123

1 0an

Reaction force

21.49

2.71

38.05

21.48

2.71

38.05

X arm

X 339.3

X 339.3

X 339.3

Mmomer

- 7291.56

- 919.50

- 12910.4

- 7288.16

- 919.50

- 12910.4

- 42239.46

. I

rv

2

3

_- J

troWPy

WP

x
x
x

339.3

339.3

339.3

k-in

I safcm &ir-MaIMu - 42239.46 1 7592.20 - 5.56 > 1.5 OB

vJ~ -%MA',IX
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2 a. Hoist frame at high position by transverse direction forces NTF and OPFT

OveTurning force and moment

loading No. Description overturn force X arm = moment

(k) ( in) (kin)

6 NTF

OPFT

70.80

2.90

x

x
159.5

159.58 .

- 11292.60

- 462.55

- 11755.15 k-inM,,
Resistance force and moment

arm - distance bween ceer of gny columns. 2.646 m (104.2 in), Figure II-6

support joint 123

loading No. Description Resistant force X arm moment

1 ganny

2 trolley

3 WP

Support joint 128

21.48

2.71

38.05

Xx
x

104.2

104.2

.l04.2

- 2238.22

- 282.38

- 3964.81

I ayy 21.48 X 104.2 - 2238.216

2 trolley 2.71 X 104.2 - 2

3 WP 38.05 X 104.2 - 3964.81

M,, - 12970.82 k-in

afety faco- MIt/M - 12970.82 / 11755.15 - 1.1 c1.5 NOGiOOD |
highest posoidn fails to provide safety aor ast ovwrning of 1.S.

b. Check hoist bean by tnsverse direction forces NIT and OPT iu mid. position whi

is higherthan ling positlona. Fgue I -6 (70.0'+39.6-109.6'> 93.94')

6 NMF 70.80 X 109.6' - 7759.68

8 OPET 2.90 X 109.6w - 317.84

M ot - 8077.52 kin

saferyfactor-M LIM. - 12970.82 / 8077.52 - 1.61 >1.5 OXI

* lifng postion of WP on Reusable Rail Car. Top lug to rail -1.380+1.006"2.386 m (93.94')

UU2H.WTURAIG J2 "TT.L s
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3. Hoist frame at high position by transverse direction forces OPFT and SKC

Overtrning force and moment

loading No. Description overturn force X arm = moment

(k) (in) (k-in)

8

9

OPFT

SiC

2.90

12.60

X 159.5

X 122.0-

M.,

- 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),

(Gsnuy Computer Model-Members Diagram, Anacbment I section 10.0 )

Resistance force and moment

pport joiut 123

loading No. Description Resistant foreX arm - ameat

I1 gantry

2 trolley

3 WP

Support joint 128

1 Pgy

2 trolley

3 WPi

21.48

2.71

38.05

21.48

2.71

38.05

x
x

x

x

x

x

104.2

104.2

104.2

104.2

104.2

104.2

Mt

- 2238.22

- 2N.238

- 3964.81

- 2238.216

- 22.38

- 3964.81

- 12970.82 k-in

sfey &tor - M It MI ,- 12970.82 / 1999.7S - 6.49 > 1.5 OK

U u§M W1.OGJ.P1nArTT.WLI9
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4. Holst frame at high position by longitudinal direction forces IFD, OPF1I wP EQF, and

Individual member EQF.

Ovemwning force and moment
loading Descnption ovi

No.

4 IFD

7 OPFL

EQF by suf-weight

WP EQF

Trolleys

Trolley drives

Trolley screws

Hoist frame drives

Top beams

End beams

Hoist beam

Hoist beams

Mectric consrl cabinets

Cohumns

Guding chnels

Hoist snewi

Bottom beams

Bottom beams

Bagie drives

Boaie house

enurn force
(k)

19.60

3.20

x

x

'C

41.08 X

2.93 ' X

0.05 e X

0.41' X

0.43'* X

2.02' X

1.42'* X

3.90 ' X

0.31' X

6.70 * X

3A7' ,X

1.21' X

0.43 * X

1.16 * X

0.U3' X

033t X

0.37' X

0.43 ' X

arm
(in)

159.5

159.5

159.5

159.5

148.0 *

142.0 "-

132.0 *"

122. 0"

122.0 *I

119.9 *

119.9 I'$

114.0 *-

75.0 *

75.0"0

75.0"e

18.0"*1

18.0"e

18.0 **

18.0 **

13.0"*

MA

- moment
(k-in)

- 3126.20

- 510.40

- 6552.26

- 467.34

7 7.40

- 58.22

- 56.76

M 246.44

- 173.24

M 467.61

- 37.17

- 763.80

- 260.25

- 90.75.

- 32.2S

-. 20.88

. 14.94

M 6.84

- 6.66

' S.59

' 12904.99 k-in
* 3w following spread sheet.
- *disanc from gravity center line of memb to top of raiL (Gamy ComputerMModel-Mkbe

Diagrmm Attachmet HL section 10.0 )
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Resistance force and moment

support joint 113

loading No. Description Resistant force X

(k)

I guntry 21.49 X

2 trolley 2.71 X

3 WP 38.05 X

Support joint 123

arm

(in)

339.3

339.3

339.3

- moment

(k-i)

- 7291.56

- 919.50

- 12910.37

1

2

3

gantry

trolley

WP

21.48

2.71

38.05

x

x

x

339.3

339.3

339.3

M,,

- 7288.164

- 919.50

- 12910.37

- 42239.46 k-i

| saflayfztor Mt/MeM - 42239.46 . / 12904.99 - 3.27 > 1.1 OK I

uuw7"fi4 3RY 42LUI
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S. Hoout frame at high position by transverse direeon forces OPFT, WP EQF, and
individual member EQF.
Overmrning force and moment

loading Description ovemsrn force X anm M moment

No. (k) (in) (k-in)

2.90 X8 op~r
EQF by seif-wegh

WP EQF

Trolleys

Trolley drives

Trolley screws

Hoist frame drives

Top beamu

End beams

Hoist bearn

Hoist beams

Mectric control cabinets

Cohluns

Guiding channels

Hoiu screws

Bottom beams

Bottom beams

* Whed beam

41.08

2.93'

0.05 0

0.41'

0.43 '

2.02 '

1.42 '

3.90'

0.31 '

6.70 '

3.47 '

1.21'

0.46 '

1.16 '

0.83

0.38'

x
x
'C

x
x
x
x
'C

x
'C

x
x
x
x
x
'C

159.5

159.5

159.5

148.0 "

142.0 "

132.0 *"

122.0 "

1220 "

119.9 "0

119.9 "

114.0 "

75.0"

75.0"

75.0 *

18.0 *"

18.0 -'

18.0"*

= 462.55

- 6552.26

- 46734

= 7.40

- 58.22

= 56.76

' 246.44

- 173.24

- 467.61

' 37.17

- 763.80

- 260.25

- 90.75

- 34.50

' 20.88

- 14.94

' 6.84

BO& drdes

Bogie houses

0.43 '

0.37*

X 18.0*I

X 13.0 "

M.,

- 7.74

- 4.81

- 9733.49 k-in

* see folowing spread sheeLM
0 distance from gravity cemr line of munber to top of raL (Ganny Compxuzw od4Mk betl

Digmm. Autztacn=t D, section lO.0)

U g nfLg.A S FMTf.UL=
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Resistance force and moment

support joint 123
loading No. Descnption

I . 9fy

2 trolley

3 WP

Support joint 128

Santy.

2 trolley

3 WP

Resisun? force X
(k)

21.48 X

2.71 X

38.05 X

arm
(in)

104.2

l04.2

1O4.2

104.2

104.2

104.2

MIL

= momenm
(k-in)

- 2238.22

- 28238

- 3964.81

- 2238216

- 282.38

- 3964.81

- 12970.82

21.48

2.71

38.05

x

'C

'C

k-rn

I safyfactor - M It M - 12970.82 / 9733.49 - 1.33 > 1.1 OK

U UJW*YMS PAW-T4IULL



ATTACHMENT U
Title: Preliminary Waste Package DI: BCAOOOOOO-1717-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: 11-77 of II- 78

6. Hoist frame at high position by longitudinal direction forces CF and OPFL

Overturn force and moment
loading No. Description ovemrun force X

7 OPFI.

CF

* 3.20

125.80

x

x

arm

159.5

159.5

M,,

a moment

- 510.40

- 20065.10

- 20575.50 kIn

12

Resistnce force and moment

support joint 113
loading No. Description ovenurn force X arm - moment

gantry

2 trolley

3 WP

Support joint 128

21.49

2.71

38.05

21.48

2.71

38.05

x

x

'C

x

339.3

339.3

339.3

339.3

339.3

339.3

- 7291.56

- 919.50

- 12910.37

- 7288.16

- 919.S0

- 12910.37

- 42239.46

1

2

gantry

trolley

WP3

k-in

I safecfactor-MlM. - 42239.46 / 20575.5 - 2.05 > 1.1 OX K

U U I49w 1.A)MS F IV.? -28 L 4
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Individual member EQF

Individual member EQF - weight of member X horizontal seisndc ground acceleration (0.27 O).

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

description

trolley

hoist beams

hoist beams

top beams

end beams

cohmnns

guide channels

bottom beams

bottom beams

wheel be&=

X-setion
Area (sO

0.57

0.15

0.27

0.7S

0.69

0.24

0.14

0.29

0.14

length
(ft)

X 25.86

X 7.85

X 28.23

X 7.18

X 9.50

X 9.50

X 2230

X 7.55

X 5.18

Density weight number
(ups/cf) (laps) Of

5.42 X 2 X

X 0.49 - 7.22 X 2 X

X 0.49 - 0.58 X 2 X

X 0.49 - 3.73 X 2 X

X 0.49 - 2.64 X 2 X

X 0.49 - 3.21 X 4 X

X 0.49 - 1.12 X 4 X

X 0.49 - 1.53 X 2 X

X 0.49 - 1.07 X 4 X

X 0.49 - 036 X 4 X

62 X 4 X

Acc. Seismic
(G) Force (kips )

0.27 - 293

0.27 - 3.9

0.27 - 0.31

027 - 2.02

0.27 - 1.42

0.27 - .3.47-

0.27 - 1.21

0.27 - 0.S3

0.27 - 1.16

0.27 - 0.38

0.27 - 6.7electic control
cabinets

trolley driv

trolley sams 0.03

hoist fimww
drives

hoist fiwm

X 25.5

0.1

- 0.77

0.8

X 2

X 2

X 2

X 0.27

X 0.27

X 0.27

- 0.05

- 0.41

- 0.43

i 0.460.43 X 4 X 0.27

bogie drie

bogie housings

034 X 4

0.40 X 4

X 0.27 - 037

X 0.27 - 0.43

U % M
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ATTACHMENT m

WASTE PACKAGE TRANSPORTER - MECHANICAL 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 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.

3f:ATAWXKMS~ATT.CYV.I(O922YAZ~



ATTACHMENT M
Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: m-2 of E-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:

1. Transporter wheel load.

2. Transporter wheel and rail selection.

3. Door operator drive.

4. Unloader system.

5. Unloader system weight.

2.0 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 operating 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 I 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.

N.'A'A"13ATT-t 1wWM"
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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 - 738 = 3.69 m
2

Transfer dock face to end of Gantry = 1.0 m
End of Gantry to middle of Gantry - 11.719 m - 5.86 m

2
Total Travel 10.55 m

Rounded up to 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 I m
behind face of transfer dock.

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

8. 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. 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 SOLUIMONS

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)

SLID ATAWhAJJ\ATT4:L*7DXW Into
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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

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

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 Iblton) = 283,250 lbs

Maximum wheel load = 283.250 Lbs = 70,813 lbs
4 wheels

For the same truck:

Minimum truck load = (0.55) (181.2 tons x 2000 lb/ton) = 199,320 lbs

Minimum wheel load = 199.320 lbr = 49,830 lbs
4

Tfie 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 Kut

where: KL = wheel load service coefficient
=Kw X C x Sm

Kw = mean effective load factor
Cs = speed factor
S. = wheel service factor

From Ref. 4.4.5, pg. 33:

Kw =2( load * (minamum load) = 2(70.813 Ibi) - (49.830 lbt)=. 090
3(maxim load) 3(70,813 lbs)

KItDATA"WPTWI3>FDAO1 WAGEDM
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From Section 4.3.27:

The maximum speed for Transporter is 5 mph or:

S milhr x 5280 ft/mi x hr/60 min = 440 ft/in.

From Design Selection No. 5:

The Transporter wheels are 30 in. diameter

Wheel speed = Ia x 440 fmin. x 12 in/ft =56.0 rpm
(t) (30)in.

From Ref. 4.4.5, pg. 49:

For rpm 2 31.5

CS = I + ( 31.5 I + 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:

Sin = 1.45

The equipment durability wheel load Pe is then:

Pe = maximum wheel load x K,,,,

KWL= Kw X Cs X Sm
= 0.9 x 1.075 x 1.45
= IA0

Pe = 70,813 lbs x 1.40 = 99,138 lbs

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

hNDATANALATl.,W31VJCOIM21)
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and is the product of:

BwL=DWK

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

K = 1300 (BH) JV for wheels with a hardness of 260 or greater

From Design Selection No. 3:

Transporter wheel hardness = 615 BHN

K= l300(6)" -1727

From Section 4.3.24:

The rail is 57 kg/m (115 lblyd) AREA

From Attachment XI[, Section 1. pg. 26:

W = 2-29/32 in. - (2) (3/e")
= 2-29132 in. - 24/32 in.
= 2-5132 in. = 2.156 in.

Basic allowable wheel load is then:

BwL = DWK
= (30 in.) (2.156 in.) (1727)
= 111,712 lbs

The durability wheel load (Pe) of 99,138 lbs is less than the BwLof 111,712 lbs.

From Ref. 4.4.5, Table 4.13.34:

For crane wheels with 615 BHN hardness, the respective wheel loadings are based on the
corresponding rails having a minimum hardness of 320 BHN.

The 762 mnm (30 in.) diameter crane wheel with a 58 RC or 615 BHN hardness when
used with a 57 kg/rn (115 lb/yd) AREA rail hardened to 320 BHN is sufficient for this
application.

H.VATAANA15tTr-.WMAM1MM'.M:
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3.2 Door Operator Drive Selection

3.2.1 Determine weight of door (from Figures 1 and 2):

Al = 1 4 nR
2 = 4 (1.46 m)2

= (0.785) (2.13 M2 ) = 1.67 mn2

A2 = (1.460 rn) (1.618 m) = 2.36 rr2

From Section 4.3.18:

Door composition section is:
I layer 76.2 mm (B-poly) at 920 (kg/m3)
2 layers 5 mm S/S at 7949.7 (kg/m 3)
I layer 177.8 carbon steel at 7832 (kg/r 3 )

Weight per m2 = density (kg/m3) thickness (m)

Weight for one square meter of door:

Materials Density Thickness Wt/m2

(kg/m 3) (m) (kg/m2)

B-poly 920 0.762 701.0
2 layers S/S 7949.7 0.010 79.5
Carbon steel 7832 0.178 1394.0

Total 2174.5 kgrm2

round up to 2175 kg/r2

Weight for each of the two area:

WTA1 = 1.67 m x 2175 kglm2 = 3632 kg
WTA2 = 2.36 n2 x 2175 kg/rn2 = 5133 kg

Weight for three carbon steel door hinges:

WT = (3) 4 (Do - DI) (0.260 m) (7949.7 kg/m3)

where: Do = outside diameter = 0.457 in
D, = inside diameter = 0.178 m

K'WATA%&RAUA -MWM.7M"WiMn



I'-- L-- Ir r:--- r-- t I (- * - f* -- r.- F--
r - -( r- r --- F - r---

9
I
p
I
2
I

X HZ

I

13,
CIO

w P

US

:e(A
-i

orn
mu
D-C

0>;
oc)n

->
oz

X71
XAH

[T
0U

**1:
u.A



- I t I F F F I' - a --- --- I .... I- I1--- r -' F r- r-I

31i

. I'
0.
W

a

:3

m.

V

F;B:

0.178 DIA. P

UZE

Orn
0rn

r0
:> PC)

I OM
_asr

C) 11
11

=.tj.*1
IiDOOR FRAME HINGE

DOOR W/HINGE



Title: Preliminary Waste Package
Transport and Emnlacement Eauipment De

AITACHMIENT m
DI: BCAOOOOOO-01717-0200-00012 REV 00

sign Page: M-10 of m-21

WT = (2.36) (0.209 ml - 0.032 rn2) (0.260 m) (7949.7 kg/r 3 )
= 863.4 kg

round down to 863 kg

Weight for door hinge pin:

WT = 2 D (1.618 + 0.260) (7949.7 kg/m3 )
4

= (0.79) (0.178 m)2 (1.88 m) (7949.7 kg/m3)
WT = 374 kg

Total weight for door:
A, 3641 kg
A2  5133
Hinges 863
Pin 374

Total 10,01 1 kg

32.2 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.

3.2.3 Load on Thrust Barriers

Load on each of the two bearings is:

F, = % (axial load)
= i (10,011) kg = 5006 kg (11,036 Ibs)

3.2.4 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 AD) from C pin for
Area A,:.

From Ref. 5.29, pg. 3-18:

The center of gravity for a quadrant of a circle:

X. = Y. = 0.4244 r

KOADA" srAT.M% .IWIMV,
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In this case, r = 1.46 m

X0 = (0.4244) (1.46 m) = 0.62 m

CG of A, from L pin = 1.500 m - 0.62 mn
= 0.88 m

For Area A2:

A2 is a rectangle and X. = 1.460 m = 0.730 m
2 2

CG of A2 from C pin= 1.500 m - 0.730 m
= 0.77 m

=M 0 at t of pin

F2 (1.15 m) = (0.88 m) (WTA1) + (0.77 m) (WTA2 )
- (0.88 m) (3641 kg) + (0.77 mn) (5133 kg)
= 3204 m-kg + 3952.4 m-kg
= 7156 m-kg

F2 = 6223 kg, round up to 6225 kg

Load of sleeve bearings is 6225 kg (13,724 Ibs)

3.2.5 Door Hinge Friction

From Ref. 5.29, pg. 3-48 to 3-49:

Torque from single journal bearing:

M1 = 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:

MT= 1/3 f L (D3-d3)/(D2-d2) (in-lbs)

where: L = total load of bearing (Ibs)
D = outside diameter of bearing (in.)
d = inside diameter of bearing (in.)
f = frictional coefficient

KVDATAW1AIAU.TW7D.I I tW lVY7M
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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

178 mm -3.5 in.
2 25.4 mm

D=457mmnx In = in.
25.4 mm

d= 178 nmn x -n =7.0 in.
25A mm

M] = f p r= (0.09) (13.724 lb) (3.5 in.)

M, = 4323.1 in-lb per bearing

Ma= 1/3 f L(D' - d3 ) = V2 (0.09) (11,036 lb) (I8' - 73) in3
(D2 - dl) (181 - 72) in'

= 1/3 (0.09) (11,036 lb) (5832 - 343) in'
(324 - 49) in

= (331.1) 5249 in -lb
275

MT = 6609 in-lbs per bearing

Total torque = 2M, + 2MT
= (2) (4323.1) in-lb + 2(6609) in-lbs
= 8646.2 in-lb + 13,218 in-lb

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 approximately 1 minute.

A I-rpm gearmotor speed will satisfy that requirement.

Geannotor selection criteria:

1. 21,870 in-lbs of torque
2. 1 rpm output shaft speed
3. Flanged mount for mounting to Transporter floor below door pin
4. Spline output shaft for a splined connection to the door pin for ease in

installation and removal.

I4GATAWEAT~?.I2tOhI2?7.22
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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 XII, Section 6, pg. 7:

For right-angle helical-worm drives, select a reducer loading 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 XII, Section 6, pg. 346:

A S92R62 helical worngear motor is selected with output speed = I 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 helical-wormgear motor S92R62 w/0.75 hp DT8OK4 motor
flange mounted with keyed or splined output shaft.

From Attachment XII, Section 6, pgs, 417, 422, 423:

Door operator gearmotor weight is as follows:,

S92R62 w/DT80K4 motor = 407 lbs
Lubricant for ViL mounting position 3.2 gals at 7.5 lb/gal = 24 lbs

Total weight 431 lbs
Round up to 440 lbs

or 200 kg

3.3 Rail Car Unloader Equipment Selection

3.3.1 General

Rail Car unloader utilizes two rigid chains and the associated drives to push the
Rail Car loaded with the waste package from the inside of the Transporter into ihe
emplacement drift (see Figure 3).

H iATAIA=NAATUONM. I" IM&
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3.3.2 Rail Car Rolling Resistance

From Attachment XII, Section 4068, pg. 1:

Rolling resistance from Rail Cars with ball or roller bearings is 10.02 kg/MT)
(20 lb/ton).

From Attachment IV, Section 3.2:

Maximum Rail Car operating weight = 80 MT

Roll Resistance (Loaded) = 20 lb/ton x 80,000 kg x 2.205 lb X Xto!n 1764 lb
kg 2000 lb

Roll Resistance (Unloaded) = 20 lb/ton x 11,000 kg x 2k20 lb x b= 243 lbs

33.3 Incline Force

From Section 4.3.8:

Maximum grade in emplacement drift = 0.75%

Drift angle = arc tan 0.0075 = 0.43°

Incline Force (Loaded) = 80,000 kg x 2.205 lb x sin 0 .4 3 d =1324 lb
kg

Incline Force (Unloaded) = 11,000 kg x 2.205 lb x sin 0.43° = 182 lb
kg

3.3.4 Push Bar Force for 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 lbs + 1324 lbs
= 3095 lbs

61%DATAVUUATY.M.W.IS(MIVJW
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3.3.5 Push Bar Force Summary

Rolling Resistance Incline Force Push Bar Chain Force

Rail Car Loaded Empty Loaded Emptv Total EA
Condition (lb) (lb) (lb) (lb) (lb) (lb)

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 lb, round up to 1600 lb

Changing to metric units for catalog selection:

Maximum rigid chain compression force = 1600 lb x _____ = 726 kg (force)
2.205 lb

From Attachment XU, 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 X1l, Section 5, pg. 6, 8, and 9:

90 SG chain weight is 32 kglmeter
90 SG guide weight is 43 kg/meter
90-mm pitch, 90° drive housing weight is 120 kg

For a 1800 drive housing, use 2 EA 900 drives for a total weight of 240 kg.

WDAY"UATMWMRNIM'
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3.3.7 Chain Drive Power Requirement

From Attachment X, pg. X-8:

Torque = force w chain pitch
iff

Maximum chain force = 726 kg (1600 lbs)

Chain pitch = 90 mm (3.54 in.)

Eff = 0.8 (which includes friction of chain in glide)

Torque =1(1600 Ms) (34 = 7080 in-lbs
0.8

Horsepower = totqut (in-lb) x sha speed (rpm)
63000 x eff

From Design Selection No. 7:

Rail Car unloading rate is 7.6 n/min. .(25 ft/rain.)

From Attachment XI. Section 6, pg. 9:

For 90-mm pitch drive, I rev is 540 mm (21.3 in.) of chain.

Drive speed = 25 ft/min. x Z.!! x it-- = 14 rpm
21.3in. ft

Horsepower is now:

Hp_= (7080 in-lb) (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:

HPT= 3.9 hp, round up to 5 hp

33.8 Motor-Reducer Selection

Selection criteria:

1. 1750 rpm input
2. 14 rpm output
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3. Foot-mounted motor reducer with two output shafts, located between the
two rigid chain drives

4. S hp minimum

From Attachment XII. Section 6, pg. 7:

For right-angle helical gear motors, select:
AGMA Class II 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/DTIOOL4 motor
13 rpm output. 2.2 service factor
24,200 in-lb of torque

Rigid chain drive gearmnotor selection:

SEW Eurodrive helical-bevel gearmotor Model K106 with DTIOOL4 motor,
reversible 5 hp, 1750 rpm input, 13 rpm output, 24,200 in-lb of torque, foot
mounted.

Refer to Attachment XII, Section 6, pg. 246 for gearmotor dimensions.

33.9 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 lbs

kem Wt

Gear motor 624 lb
Lube (8.5 gal x 7.5 lb/gal) 64 lb

Total = 688 lb (312 kg)
round up to 320 kg

K'DATAW4AL3%ATT.ULVA.1fll25)
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33.10 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:

21 + 0.2 = 12.0 m
2

21= 12.0 m-0.314m= 11.69m
V=5.84 m

Total length of magazine:

L=1+0.050m+0.300m
= 5.84 m + 0.350 m = 6.19 rn

3.3.11 Rigid Chain Magazine Weight

From Figure 4:

Magazine is 6.19 m long x 0.400 m high x 0.230 mn wide

Magazine enclosure is constructed of 3.18 m (0.125 in.) carbon steel plate.

Magazine surface area:

A = 2 (0.400 m + 0.230 m) (6.19 m)
= 7.8 i.

From Ref. 4.4.1, pg. 6-8:

Density of cold-drawn steel = 490 lb/ft3

Converting to metric units:

D = 490 lb/ft3 x kg x ( 3.28 ft)
2.205 lb J

= 7842 kg/m3

KHVATA=ALATT.WM IIYUI7M1M
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For the thickness of 3.18 mm, the density per m2 is:

Density/r 2 = 7842 kg/im3 x 0.00318 m
= 24.9 kgfrn

Empty magazine weight = (7.8 m2) (24.9 kg/r 2)
= 194 kg

Rigid chain weight:

From Attachment XHI, 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

H.OATALWEAZATTrmWYO2II(9I2nM1
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ATTACHMENT IV

REUSABLE RAIL CAR - MECHANICAL EQUIPMENT SELECTION

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 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.

K'ATAWEAMJVrT4V.W1 MRI(1MMI
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REUSABLE RAIL CAR - MECHANICAL EQUIPMENT SELECTION

1.0 PURPOSE

Based on Rail Car dimensions shown in figures 1 and 2, this calculation provides the
following:

1. Rail car weight and operating weight with heaviest WP for use as input in this and
other calculations.

2. kail car wheel and axle selection.

3. Verify the capacity of the 44.6 kg/m (90 lb/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 III)

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 IV)

3.0 SOLUTIONS

3.1 Rail Car Empty Weight

Determine rail car empty weight based on:

NA4'TA"A1= ATr4Y.,2 P112, 2H
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A. Rail car dimensions in Figures 1 and 2.

L B. Rail car fabricated from A36 steel with a density of 490 lb/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).

I. Plate: 25 mm (I") thick

Area = (45 mm)(2)(735 mm) + 2 (V2)(423 mm)(735 mm)
= 66,150 mm' + 310,905 rrir 2

= 377,055 mm2

Volume = (0.377 m2)(O.025 m) = 9.4 x 10-3 m3

2. Plate: 38 mm (1%") thick

Area =(45 mm 65 (710 mm) = 264,475 mm2 = 0.264 m2

Volume = (0.264 m2)(0.038 m) = 10.0 x 10-1 m3

3. Plate: 25 mm (1") thick

Area=( 163mm-_ 5 m) x 710mu = 110,405 mm2 =0.11 mI
. L2

Volume = (0.11 m2)(0.025 m) = 2.75 x 10-' m3

.4. Plate: 25 mm (I") thick

Area = (163 mm)(58 mm) + V2(58 mm TAN 30°)(58 mm)

Area = (163 mm)(58 mm) + %(33 mm)(58 mm)
= 9454 mrll7 + 957 mmn2

= 10,411 m 2

= 0.0104 m2

KLMATAW"ABr~rT.IVWPJ Ct12/I
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Volume = (0.0104 m2)(0.025 m) = 0.26 x 1O-3 m

5. Plate: 25 mm (I") thick

Area = (1A)(148 mm)(257 mm)
= 19,018 Mrn 2

=0.0190 rn2

Volume = (0.0190 m2)(0.025 m) = 0.48 x 10'3 M3

6. Wheel and Axle Assembly (2 wheels, axle, 2 axle boxes)

From Rcf. 5.33, Pg 6:
Irwin Car and Equipment
Model No. TA-104 thru axle wheel assembly
Capacity: 15 ton
Approximate weight: 695 lbs (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: '490l x .X .r ( - 38- a) 3 7S49 kglm

Assembly A Volume and Weight Summary

No Des. 9 VOL Density Wt. EA. Total
(i x 103) (kg/m3 ) (kg) (kg)

1. R 2 . 9.4 7849 73.8 147.6
2. E 2 10.0 7849 78.5 157.0
3. E 4 2.75 7849 21.6 86.4
4. B 2 0.26 7849 2.04 4.1
5. E 2 0.48 7849 377 7-5
6. Assem. 1 - - 316.0 316.0

Total Weight Assembly A = 719 kg
Round up to 720 kg

3.1.2 Assembly B (Figure 6)

Determine volume (refer to Figure 7):

1. Plate (25 mm thick)

H.OATAW4ALAATTf4I.WMA MIOmpAs
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Area.= (952 mm)(sos -16 ) = 476,000 mm 2 = 0.476 m2

Volume = (0.476 m2)(0.025 m) = 11.9 x 10' m
3

2. Plate (25 mm thick)

Area = (45 mm)(2)(708 mm) + 2 ('h)(407 mm)(708 mm)
= 63,720 mm 2 + 288,156 mm2 = 351,876 mm2

= 0.352 m2

Volume = (0.352 m2)(0.025 m) = 8.8 x 103 mi
3

3. Plate (25 mm thick)

Area = (1470 mm)(952 mm) = 1,399,440 mm' = 1.4 m'

Volume = (1.4 m2)(0.025 m) = 35.0 x 10- m 3

Assembly B Volume and Weight Sununary

N Ps. Otv. Vol. Density Wt. EA. Toa
(mr x 103) (kg/rm) (kg) (kg)

I . Plate 2 11.9 7849 93.4 186.8

2:. Plate 1 8.8 7849 69.1 69.1

3. Plate 1 35.0 7849 274.7 274.7

Total Assembly B = 530.6 kg
Round down to 530 kg

3.1.3 Assembly C (Figure 6)

Deternine volume (refer to Figure 8):

1. Plate (25 mm thick)

Area = (555 mm)(Su 16m ) 277,500 mm2 = 0.28 m2

Volume = (0.28 m2)(0.025 m) = 7.0 x 10MI m

2. Plate (25 mm thick)

Area = (1470 mim)(555 mm) - (228 mm)(152 mm)

KVATA"AMArTTJ4YM.3 Mg LIMI1
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= 815,850 mm2 - 34,656 mm2

= 781,194 mrnm2 = 0.78 m2

Volume = (0.78 m2)(0.025 m) = 19.5 x 10-' m3

Assembly C Volume and Weight Summary

No. Des. DM Vol Density Wt. EA. Total
(M3 x 10-3) (kglm3) (kg) (kg)

1. Plate 2 7.0 7849 54.9 109.8
2. Plate 1 19.5 7849 153.1 153

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 mn

Volume = (10.56 m2)(0.038 m) = 0.40 m3

Weight = (0.40 m3)(7849 kg/m3) = 3139.6 kg

Total Weight Plate D = 3139.6 kg
Round up to 3,140 kg

3.1.5 End Plate E (76 mm thick) (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 O2

Volume = (0.96 m2 )(0.076 m) = 73.0 x 103 m3

Weight = (73 x I0" m3)(7849 kg/m3) = 573.0 kg

14 .OATAIA1AL%%A1-^W.A -13297no-ne



ATAC CEMENT IV
Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: lV-7 of lV-18

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) - "(764 )3

= 493,696 mm 2 -23,104 mm2 - 453 7 nr 2

= 466,055 mm2 = 0.466 m2

Volume = (0.466 m2)(0.050 m) = 23.3 x 10-3 m3

Weight = (23.3 x 103 m3)(7849 kg/r 3 ) = 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.

1I

2.

3.

4.

5.

6.

Des.

Assembly S

Assembly i

Assembly 4

Plate D Crac

End Plate ]

Towing Eye P]

Q Wt. EA. Total
(kg) (kg)

A 4 720 2,880

B 3 530 1,590

2 265 530

die 1 3,140 3,140

E 2- 575 1,150

ate F 2 185 370

Total = 9,660 kg
adding 10% for miscellaneous steel = 966 kg

Total Rail Car Empty Weight = 10,626 kg

Round up to 11,000 kg

3.2 Maximum Rail Car Operating Weight

From Section 4.3.10:
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Maximum WP weight = 69.0 MT

Empty rail car weight 11.0 MT
WP 69.0 MT

Total 80.0 MT

Maximum Rail Car Operating Weight = 80 MT

3.3 Determine Maximum Wheel Load

Maximum operating weight =80 MT

Converting to English system for selection from manufacturer's data

Maximum operating weight = 80,000 kg x 2.205 lb/lkg
= 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 = l476.4 "s = 22,050 lbs
= 11.03 tons

3.4 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 (56r
in.) rail gauge, tapered roller bearings, 356 mm (14 in.) diameter wheels. 695
lbs approximate weight.

3.5 Rail Size Verification

From Section 4.3.25: The Rail Car rail is 44.6 kg/in (90 lb/yd) ASCE rail

From Ref. 4.4.5 (Section 4.13.3, page 47):

K40ATAWALS'Ar4V.J CA MI MM=
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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 i30 ( B08) for wheel hardness, BHN greater or equal to 260

From Ref. 4.4.5 (Table 4.13.34, 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

and: K =1300226o = (1300)(1.23)°-33

= (1300)(1.07) = 1391

For the maximum capacity of the selected wheel, the minimum effective rail
width is:

W (15 ton) (2000 M1ton)
(K) (D)

= 30.000 lb = 1.54 in.
(1391) (14 .L)

From Attachment XIL Section 1, page 19 for a 44.6 kg/rn (90 lb/yd) ASCE rail:

Rail head width = 25/a in.
Comer radii = 5/16 in.

W = effective head width = 2% in. - 2(5/16) in.
2 in.

The W of 2 in. for the 44.6 kg/m (90 lb/yd) ASCE rail is greater than the
minimum required W of 1.54 in. and is adequate for this application.

ItDATA.%A Trr4.WM9Ij"M
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ATTACMIENT 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 derivatio'ns 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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TITLE: GANTRY LOADS AND MECHANICAL EQUIPMENT SELECTIONS

1.0 PURPOSE

This calculation will provide the basis for selecting and quantifying the following:

1. Gantry wheel size
2. Traversing drive
3. Lifting screw size
4. Lifting screw drive
5. Lifting head trolley screw size selection
6. Lifting head drive selection
7. lifting head roller selection
8. 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 I1, Section 1.1)

2. The gantry structure shall be supported by 4 bogies each having a minimum 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 ft/min) (Ref. 4.4.2,
Section 5333.1). The design tolerance for a design rated load speed shall be
- 10%7.

6. Wind loads are not applicable to Gantry operation since the Gantry is operated
underground.

KHDATAWATr.V" tI ZML m4
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No. Input Description

7. Hoisting frame weight is 25% of total gantry weight. Lifting head trolley
weight = 5000 lb (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.
ft/min 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 rn/sec2 (I ft/sece) (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 ftlmin (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 = 305 MT

K'OATAfAXAwT.V3MHIw2lA.
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From Design Selection No. 1
Weight of gantry structure = 45 MT

Total max. weight = WP weight + gantry weight
=69 MT+45 MT= 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. wheel load= 114.000 kg = 14,250 kg/wheel

Min. wheel load = 75.500 = 9437.5 kglwheel

From Ref. 4.4.5, Pg. 47: The basic allowable wheel load (BWL) in
Ibs:

BWL = KDW (lbs)

where: K = hardness coefficient of the wheel when BHN 2260

= 1300BH
( 260)

BHN = Brinell hardness
= 320 from Design Selection 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 lb ASCE rail

W=2%in.-2x5/16in.=2in.

K =1300 320 =1392

BWL = KDW = 1392 x 0.4 m x 3.28 ft/m x 12 inJft x 2 in.
= 43,831 lb

BWL = 43,831 x 0.453 kglb = 19,856 kg

KHQATAWMAUTT.V.4(911r11a4Z)
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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 lad)

Kw = 2 (14250 kg) - (9437.5 kg) = 0887
3 (14250 kg)

From Design Selections No. 4 and No.5:

Wheel speed = 32 150 f/n = 36.4 rpm
3.28 film x x .OA mlrev

From Ref. 4.4.5, Pg. 49
For speed factor Cs for rpm 2 31.5

Cs = 1 + RPM - 31.5
328.5

Cs = I +36-4 - 31.5 = 1.015
C 328.5

From Ref. 4.4.5. Pg. 50
Wheel service factor, Sm = 1.25 (Class E)

From Ref. 4.4.5, Pg. 49
Wheel load service coefficient, KvL

KwL= Kw x Cs x Sm = 0.887 x 1.015 x 1.25 =1.13
and:
Equivalent durability wheel load Pe

Pe = maximum wheel load x KwL

= 14,250 kg x 1.13 = 16,103 kg

This wheel load is compared to the BWL load of 19,856 kg. :. The 400 mnu
diameter wheel is sufficient.

"IcATAW"ATTrV3 IMn2
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3.2 Gantry Traversing Drive Selection

A. Motor Horsepower

The motor horsepower including power components for acceleration and
friction is based on procedures from Ref. 4.4.5, Pg. 59:

HPA=KaxWxVx Ks

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 (Pg. 61 for an adjustable voltage 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.

a, 2000 a x Ct

Ka 33 g aE x •(Pg. 59)
33.ODO xKt Nf

where:

f = rolling friction
f = 15 lbs/ton (Pg. 61. 15 in. 4 wheel)
a = average acceleration rate

= 1.0 ftlsec2 for dry rails and 50% of wheels driven. Acceleration
can be up to 2.4 ft/sec2 (Pg. 60)

Cr = rotational inertia factor
= 1.05 + 7.5= 1.18 (Pg. 59)

g = 32.2 ft/sec2 (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

1LVATAkWALMJ5T.Vf-fTlW~n242)
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= 1.5 (Pg. 60)

For adjustable voltage dc shunt wound motors

15 . 2000 x 1.O x 1.18

Ka- 32.2 09 X 1= 0.0019
33.000 x 1.5

Note: The worst case NrINf = I was used.

Motor HPA= 0.0019 x 125.7 x 150 x 1.2 = 43.0
Since there are 4 motors:
Motor BPA 43-0 = 10.7 HP per motor

B. Incline Horsepower

Horsepower for moving up the drift incline (HP1)

From Ref. 5.45, Pg. 26:

ip = incline force x velocizy
33.000

Incline force F. = Sin 0.57 x 125.7 x 2000 lb/TON
= 2501 lb

HP , 2501 (Ibs) x 150 (1pm) = 11.4
33,000

From Ref. 4.4.5. Pg. 59:
Efficiency = 90%

HP,= 1-4= 12.7
0.9

Since there are 4 motors:

BP, 12.7 = 3.2 HP per motor
4

C. Gantry Traversing Drive Horsepower

Gantry drive motor horsepower, HP, is from Ref. 4.4.5, Pg. 62, combines
motor and incline horsepower

HP1 = 0.75 WA + HP,) Ks

where:
Ks = 1.2 (Pg. 61)

KM tA ArAPV.7 IMt124Z
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Since the calculated HPA already has Ks Factored in, HP, can be
rewritten:

HP,= 0.75 HPA+ 0.75 HP, x Ks
HPg= 0.75 x 10.7 + 0.75 x 3.2 x 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 = 2°29 =3.96
2.75

Rounding up to the next standard motor size
Motor HP = 5

From Ref. 5.21, Pg. C-41:

For 5 HP, 500 VDC, 1750 rpm, a C18 1 IATZ motor frame is selected.
Dimensions of this motor are given on Pg. C-139. Weight of this motor
is 175 lbs. 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 input 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

'LATAVAALS'TT.VRQ 2? INiMZs
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A 2503QtN U.S. Gear Reducer is selected. Dimensions of this reducer
are given on Pg. D-125. Weight of this reducer is 193 lbs. This reducer
will require a C-face flange adaptable to the 180TC C-face motor
bracket.

Total drive weight = 175 Ibs + 193 lbs = (368 Ibs) 166.0 kg

Round to 400 lbs for structural analysis

Due to lower gearmotor output speed, Gantry speed will be less than 150
ft/mmn.

Gantzy Speed = wheel speed x 3.28 ft/m x 7r x wheel diameter
= 35 rev/rin x 3.28 ft/m x ',t 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:

Allowable overhung load (OHL) = 3887 lb

Allowable output torque = 16,880 in-lb

Minimum sprocket radius = 16.880 i-lb
3887 lb

=4.3 in.

minimum sprocket pitch diameter (PD) is 4.3 in. x 2 = 8.6 in.

From Ref. 5.24, Pg. A-40:

For 35 rpm at 10 HP, choose a 140-pitch chain with 17-tooth sprocket.

From Attachment XII, Section 3, Pg. E-75:

I Choose a 140-pitch, 17-tooth sprocket PD = 9.524 in. I

$V0ATAMfAT.rV."tVAlC1<
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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 MT = 11.25 MT

Lifting screw load = [69 MT I 125 MT]

=20.1 MT (44218 lb)

From Attachment XII. Section 2, Pg. 19:

For life expectancy of 1 x 106 in. of travel, any size ball screw over 3 in. diameter
will support this load.

From Ref. 5.41, Pg. 35:

For single row angular contact bearings to support the 44,218-lb load, the bearing
inside diameter must be 3.937 in.

select a 4" Thomson Saginaw ball screw with 1" lead. Capacity = 85,000 lb.

Estimate lifting screw weight for structural analysis:

From Design Selection No. 8:

Max. lift = 2226 mm (87.6 in.)

From Attachment XIL Section 2, Pg. 51:

4" ball nut length = 12.593 in.

Screw length = lift + ball nut length
= 87.6 in. + 12.593 in. = 100.2 in.

From Ref.Attachmnent XII, Section 2, Pg. 26:

Wt for 4" ball screw = 2.87 lblin.
Total wt = (100.2 in.) (2.87 lbrin.) = 288 lbs
Wt for 4" ball nut = 53.5 lbs

RYkATAW4A151TT.V.l1lW1Y7l2:4Z
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Total wt for ball screw and nut = (288 lbs + 53.5 Ibs)
= (341.5 Ibs) 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 ibs)

3.4 Lifting Screw Drive Selection

A. Screw Drive

From Attachment XI[, 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
mrnmin.

From Design Selection No. 8:
Maximum lift = 2226 rnx

Using a lifting time of 3 min.
Lifting rate = 2226 mrnm/3 min. = 74 mm/min. (2.43 ft/min.)
2.43 ft/min is well under the slow rate of 6 ft/min.

Screw speed = 0.74 rvimirn = 29.0 rpm-
0.0254 mlrey

From Attachment XII, Section 2, Pg. 14:

Torque = 0.177 x load x screw lead
= 0.177 x 44218 lbs x I in. = 7827 in-lb. rounded to 7830 in-lb

Screw HP = operating load x screw ead v screw speed

3.564 x 105

- 44218 lb x I in. x 29.0 rpm
356.400

-3.6 BP

Using a gear reducer efficiency of 90% and a chain drive efficiency of
90% Screw HP = 36 . = 4.4

0.9~XO.9
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Since a shunt-wound motor will provide 150% of rated torque at rated
speed, motor rated HP = .i± = 2.9.

1.5

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 lb)

From Ref. 5.21. Pg. C-41:

For 3 HP, 500 VDC, 1750 rpm, a C181 IATZ 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 lb)
Weight of this drive = 175 lb + 118 lb = 132.9 kg (293 lb)
Round up to 500 lb 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 lb)
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From Ref. 5.21, Pg. C-41:

For 7.5 HP, 500 VDC, 1750 rpm, a CI8I IATZ motor frame is selected.
Dimensions of this motor are given oh Pg. C-139. This motor will be
fitted with A180TC C-face bracket.

Motor weight = 79.4 kg (175 lb)

Total weight of drive = 190 lb + 175 lb = 164 kg (365 lb), round up to 800
lb for structural analysis

B. Chain Drive for 3 BP Gearmotor

From Ref. 5.23, Pg. D-28:
Overhung load = 3146 lb
Output torque = 6,427 in-lb

Sprocket radius = 6427 in-lb = 2.04 in.
3146 lb

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

DesignlHP=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 XII, 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.

C. Chain Drive for 7S HP Gearmotor

From Ref. 5.23, Pg. D-32:
Overhung load allowed = 4121 lb
Torque = 15,889 in-lb

KloATAWUsAuTT.V. I WI 97t4n2
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Sprocket radius = 15.889 b = = 3.86 in.
4121 lb

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 a SF = 1.7
Design HP = HP x SF = 7.5 x 1.7 = 12.75

From Ref. 5.24, Pg. A-41:

For a speed of 28 rpm using 15-HP, sprockets are 160 pitch, 21 teeth.

From Attachment XII, Section 3, Pg. E-79:

Pitch diameter of a 21-tooth, 160 pitch sprocket is 13.419 in., with
maximum bore of 3'fz in., which is sufficient for the gear motor and the
ball screw.

3.5 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 support the load

Screw load = 69 MT X 0-3= 10.35 MT
2

= 10.35 MT x 2205 lb/MT
= 22,821.8 lb; round off to 23,000 lb.

From Attachment XII, Section 2, Pg. 19: Select a 2.25 in. Saginaw ball screw
with a I" (25.4 mm) lead

Determine traversing screw wt:

From Attachment XL[, Section 2, Pg. 26:

Weight of 2.25 in. diameter ball screw is 0.906 lb/in. To allow for ball nut, end
bearing and miscellaneous supports, increase ball screw wt by a factor of 2.

WIDATAWALSNIT.V.II(O9?l/l!QD
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Wt per foot = (2) (12 in/ft) 0.906 lb/in = 22 lb/im.
Round off to 30 Ib/ft for structural analysis

3.6 Lifting Head Trolley Traversing Screw Drive Selection

From Sections 4.1.6 and 4.3.1 1:

Length of longest WP = 5850 mm
Length of shortest WP = 3790 mm
A WP length = 2060 mm

From Section 4.3.17:
WP end skirt is 225 mm at both ends of the WP. Allowing 200 mrim 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 = 2460 tom = 1230 mm
2

Using a travel time of 15 sec is reasonable considering the short travel distance.

Lifting head travel speed = 1230 mm x 60 sec/min

= 4920 mm/min

Screw speed = 4920 mnitnlm = 193 rpm
25.4 mmlrev

From Attachment II, Section 13.0:

Weight of trolley plus lifting head = 5,420 lb

From Ref. 5.50, Pg. 2:

Coefficient of friction = 2.7%, rounded up to 3.0%

Friction Force = 5420 lb x 0.03 = 163 lb

From Design Selection No. 11:

Acceleration of Trolley = 1 ft/sec2

Acceleration Force = 5420 Ibm x 1.0 ft/sec2  168 lb
32.2 5m A

Ibf seC2
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Total Screw Load = (168 lbs + 163 lbs) = (331 lb) 150.1 kg

From Attachment XII, Section 2, Pg. 14:
Torque = 0.177 x load x screw lead

= 0.177 x 331 lbs x 1 in. = 58.6 in-lb

HP to turn lifting head screw at 193 rpm

Hp =force x screw lead x speed - 331 Ibs x I In. x 193 rpm = 0.2, use 1A HP
3.564 x 1O x 0.9 3S6.400 0.9

From Ref. 5.23, Pg. E-18, use a U.S. Gear 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, t/3 HP

From Ref. 5.23, Pg. E- 101:
Weight of reducer = (42 lb) 19.0 kg

Lifting head trolley travel speed =i n.- x '88g rev/mn x 0.3048 mrft = 4.77 m/min.
rev 12 inift

From Ref. 5.21, Pg. C-4:

For hi 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 is
90 V armature, 100 V field.

From Ref. 5.21, Pg. C-17:

Motor weight = 31 lb

Total drive weight = 42 lb + 31 lb = (73 lb) 33 kg
Round to (100 lb) 45.4 kg for structural analysis

3.7 Lifting Head Roller Selection

From Section 4.3.11:
Waste package weight = 69 MT = 152,145 lb
Load carried per lifting head = 152,145 lbs = 76,072 lb

2

From Attachmnent V, page 3:
Weight of lifting head trolley = 5000 lb
With 4 rollers per trolley equally loaded

Lifting head roller load 4 76-072 lbs; *o 00bs = 20,268 lb

H.ADATAIANQAJTF.V.3ICg9I MA ZlCn
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From Attachment XI, Section 7, Pg. 2:

Capacity of the 8-OT roller assembly is 16,000 lb.
:. 6 roller assemblies will be required per trolley.

Lifting head roller load -76072 lbs * S = 13,512 lbs
6

From Attachment XI). Section 7, Pg. 2: Roller selection is Human 8-OT. I

Future analysis should refine the design of the trolley and lifting head to verify
loading on trolley rollers.
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ATTACHMENT VI

GANTRY CARRIER WEIGHT AND WHEEL SELECTION

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 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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TITLE: GANTRY CARRIER WEIGHT AND WHEEL SELECTION

1.0 PURPOSE

This calculation will provide the basis for preliminary evaluation of:

A. Gantry Carrier Weight
B. Gantry Carrier Wheel Selection
C. Gantry Carrier Rail Selection

2.0 INITIAL DESIGN SELECTIONS

No. Input Description

I Weight of gantry structure shall be 45 MT, Attachment II, Section 1. 1

2 Weight of coupler shall be 175 lb, Attachment IX, Section 2.0

3 Weight of truck shall be 11,000 lb, Attachment Vf, Section 2.1

4 Gantry carrier wheel hardness shall be 320 BHN.

5 Gantry carrier wheel diameter shall be 762 mm (30 in.).

6 Gantry carrier rails shall be 57 kg/m (115 lblyd) AREA rail.

3.0 SOLUTION

3.1 Gantry Carrier Weight (Figures 1 and 2)

A. Wheel Truck Assembly - A (Fig. 3&4)

From Fig.4:

1. 2.901 mx 0.812mx 0.025 m=0.059m3

2. (1.422 m x 0.812 m) - (0.1982 rn2 it)

1.1547 2 - 0.1232 m2 = 1.032 m x 0.051 m = 0.053 m3

3. Wheel truck - 4950 kg (Attachment VM)

B. Deck Assembly - B (Fig. 5&6):

From Fig. 6:

K1VATArTT AgALVArr.UY"212



AITACHMENT VI
Tide: Preliminary Waste Package DI: BCAOOOOOO-01717-0200400012 REV 00

Transport and Emplacement Equipment Design Page: VI-3 of VI-17

1. 11.42 mx 3.546mx 0.025 m= 1.0124 m3

2. 90 lb/yd rail- 30 Ibft x 1.488 = 44.6 kg/m
Ibsift

Rail weight 11.42 m x 44.6 kg/m = 509.33 kg

From Fig. 10:
3. Wheel stops 0.0045 m3

(1) (2) (3) (4) (5) (6) (7)
Item Des. QXy- Vol. Density Wt. Ea. Total

m3  kglm'* kg (4)x(5) kg (3)x(6)

A-I PL 2 0.059 7849.8 463.1 926.3
A-2 PL 2 0.053 7849.8 416.0 832.0
A-3 Assm. 2 7849.8 4950.0 9900.0

B-i PL 1 1.0124 7849.8 7947.1 7947.1
B-2 Rail 2 ,7849.8 509.3 1018.6
B-3 Assm. 2 0.0045 7849.8 35.3 70.6

*From Ref. 4.4.1 20.694.C k

490 lb/ft3 x 16.02 ' = 7849.8 kglm3
Lbs/ffl

C. Frime Support Assembly - C (Figures 7 and 8)

From Fig. 8:
1. Side Frame (2 outside, 2 inside)

2.9 m x 0.0158 m2 x 2 = 0.0916 m'
4.172mxO.0276m2 =0.1151 m3

0.672 m x 0.254 m = 0.171 n2

0.672mx0.382m=0.257m
0.672 x 0.652 m -0.219 mr

2
0.254 m x1.038 m = 0.263 m

0.91 m2 xO.018m =0.0164m3 x2
= 0.0328 m3

0.0916 m3

O.1151 ml

Total volume of side frame =02395 2m'

2. Outside structural member (30 required)
1.001 m x 0.0158 m2 = 0.0158 m3

KVDATAQA±ATTVW".3 VIWn
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3. Inside structural member (14 required)
0.592 m x 0.0158 m2 = 0.0094 m3

4. Coupler support assembly
0.592 m x 0.0178 i 2  = 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 m3
Total volume = 0.0197 m3

(1)
Item

C-1
C-2
C-3
C-4

(2)
Des.

WF
WF
Assm.

(3)

4
30
14
1

(4)
Vol.
m3

0.2395
0.0158
0.0094
0.0197

(5)
Densitv
kg/m3 *

7849.8
7849.8
7849.8
7849.8

(6)
Wt. Ea

kg (4)x(5)

1880.0
124.0
73.8

154.6

(7)
Toal

kg (3)x(6)

7520.0
3720.0
1033.2

154-6

12.427.8 kgTotal Weight of Frame Support Assembly =

D. Gusset Plate

From Fig. 9:
0.1389 m2 x 0.025 m 0.0035 m3x 7849.8 kglm'x 22 =64.4kg

E. End Plate

From Fig. 9:
3.546mx0.559 m xO.051 m=0.1011 m3x 7849.8 kglmx 2= 1587.2kg

F. Coupler

From Attachment IX, Section 2.0:
Coupler Weight = 79.0 kg (175 lb) (Ref. 3.4)

Coupler box plates from Fig. 9:
0.4im xO.353rmx0.051 mr=0.0072m3x2=0.0144im3
0.172imxO.353rnx0.051lm=0.031m3x2 =0.0062m

0.0206 m3

x 7849.8 kg/m3= 161.7 kg
79.0 kg

240.7 kg

NL'CTAW7IAL1MMA PI b127
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Total car weight

Assembly A&B
C
D
E
F

20,694.6 kg
12,427.8 kg

604.4 kg
1,587.2 kg

3,240.7 kg
35,554.7 kg

I Weight of gantry carrier = use 36,000 kg I

3.2 Gantry Carrier Wheel Selection

From Auachment A, Section 1.1:
Weight of gantry = 45 MT

From Section 3.1:
Weight of gantry carrier = 36.0 MT

The gantry carrier will have 8 wheels, uniformly loaded.

Maximum wheel load = 4MT -36.0 MT = 1o.1 MT
8

Minimum wheel load =36- MT = 4.5 MT

From Ref. 4.4.5, Pg. 33
Mechanical mean effective load factor Kw

Kw = 2 (ma load) * (rnmuzm l= d 2(10.1 MT) + 4.5
3 (mazm load) 3(10.1 Mi)

From Ref. 4.4.5, Pg. 49;
Wheel load service coefficient, Kw,,

KwL= Kw x Cs x S.

where: C. = speed factor, dependent on wheel speed
S, = wheel service factor = 1.25 Cd
Cd _ machine service factor

From Ref. 4.4.5, Pg. 33
Cd= 1.16

From Input 4.3.27:
Carrier speed = 5 mph

j-W=0.82

khOATAWVA5!7ATr.%WIJ twOit
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speed = 5  3 X 8N ftmin = 440 ft/min
Ar mWhr

From Design Selection No. 5:
Wheel diameter = 30 in.

Wheel speed = 4O ffirin = 56.0 rpm
W 30

12

From Ref. 4.4.5, Pg. 49:
Since wheel speed is > 31.5 rpm

Cs= 1 + -s6-31.s) = 1.07
+( -328.5s = .0

.KwL= 0.82 x 1.07 x 1.25 x 1.16 =1.27

From Ref. 4.4.5. Pg. 47:
Basic allowable wheel load, BwL

BwL=KxDxW

where: K = hardness coefficient of the wheel when BHN 2260

K =1300 (H~
°°( 260 -O

D =-wheel diameter = 30 in.
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 lblyd AREA rails

From Attachment XIL Section 1, Pg. 26:
Width of rail head = 2-23/32 in.

Comer radius - 3¾a in.

W=2-23132-2x%= 1.97in.

BHN = Brinell hardness

From Design Selection No. 4:
BHN = 320

IATAUNAtA1A.ejVLjMl 0I
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K = 1300( )32) = 1392

Bw= 1392 x 30 in. x 1.97 in.
= (82,270 lb) 37,020.0 kg

From Ref. 4.4.5, Pg. 49:
Equivalent durability wheel load, Pe

Pe = maximum wheel load x Kft
= 10.1 Ma x 1.27 = 12.8 NfT (28,311 lb)

This load is compared to the basic allowable wheel load, BWL = 82,270 lb.
:.- the 30 in. diameter wheel and 115 lb AREA rail is satisfactory.

KCATAW4ALSATr-fLWM 7 CM I M
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GANTRY CRANE CARRIER
WHEEL TRUCK ASSEMBLY

FIG. 3
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ATTACHMENT VII

TRANSPORT LOCOMOTIVE - EQUIPMENT SELECTION

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
or 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 capacity requirements under
various operating conditions to provide a basis for locomotive selection. The following
conditions are evaluated:

A. Tandem locomotives retrieving 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 turn 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-metcr 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 XIL, Section 4, Section 4068) anid are used in
Attachments m through VII:

Rolling resistance for rail cars with ball or roller bearings is
20 Ibfton (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
vH1)

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 VI) '
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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.

5. Loaded Transporter weight shall be 233.15 MT (257 tons)
(Attachment 1, Section 1.0)

6. Emplacement turnout grade shall be +0.5%. Section 4.3.8
Grades vary from 0.25% to 0.75%. Use the average of
0.5%.

7. Main Drift slope shall be 1.35% rounded up to 1.4%.
(Section 4.1.2)

3.0 SOLUTION

3.1 Determine Locomotive Capacity for Condition A (Figure 1)

For locomotive sizing with retrieval of loaded transporter transporting up to the
north portal:

Operating Criteria:

1. Trolley power
2. Speed = 5 mph (Section 4.3.27)
3. Slope =2.5% (Design Selection No. 4)
4. Two locomotives with equal loads
5. Curve = 305-m, round down to 300 m (984ft) (Section 4.1.3) in main track
6. K = 0.25
7. Transporter Weight = 233.15 MT = 257 T (Design Selection No. 5)

The following definitions and/or formulas are from Attachment XII, Section 4068,
Pg. 1.

Rolling resistance, RR, 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
journal bearings.

RR = 20 lb/ton x Weight(ton)
RR = 20 L b/ton
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Grade resistance, R., is resistance due to grades and is 20 lb/ton, for each percent
rise in grade

RI = 20 lb/ton x Weight x % Grade
RI=20 x L x %

Curve resistance, Rc, additional friction between wheels and rail due to track
curvature.

R~cton = 400 X Wheelbase f)
radiuy of curew(t )

= 400 x Wheelbae i xi) L
-adus of curve (A)

Train resistance, RT, is the summation of rolling, grade, and curve resistance.

R= RR + R+Rc
RT = 20 L + 20 L x % Grade +40Xu ( x L

radus of cwve (O)

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:

RI = 20 lb/ton x Weight (ton) x % Grade

RI = 20 lb/ton x 257 ton x 2.5 = 12,850 lbs

RR = 20 lb/ton x Wcight(ton)

RR = 20 lb/ton x 257 ton = 5140 lbs

= 400= X wol bdt (e) x load
radius of curve (ft)

Use 6 ft for wheel base (See dimensions in Attachment VI,
Pgs. VIM-5 and VM-6)

Rc = 400x6 f (257 lbs) = 627 lbs
984 ft
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RT= 12,850 lbs + 5140 lbs + 627 lbs
= 18,617 lbs

For the locomotive:

TE=R,+RR+RC+FDB
Where FDB = Draw bar pull

Using L(ton) as the locomotive weight

R, = 20 lb/ton x % x L = 20 lb/ton x 2.5 x L =50 L b/ton
RR = 20 lb/ton x L = 20 L b/ton
RC = 400 R WB X L _ 408ft3f x L = 3.37 L lb/ton

R 984 ft

Wheel base = 8.3 ft (Attachment XII Section 4)
TE (min. required) = KL = 0.25 x L x 2000 lb/ton = 500 L lb/ton

Since the locomotives are sharing the load equally,

FD9 (draw bar force) = 'A RT

or FDB = 18.617 lbs = 9308.5 lbs
2

Substituting in the equation for TE:

500 L lb/ton= 20 L lb/ton + 50 L lb/ton + 3.37 Llb/ton + 9308.5 lbs

426.6 L lb/ton = 9,308.5 lbs

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
loading 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

Qpration Criteria:

1. Trolley power
2. Speed = 5 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)

R1DATAW4ALfiATT.U.WVL . (Hl2?71
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5. 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:

RT= Rc + Rp + RI

RC = 0 There are no curves

RR = 20 lb/ton x Weight (ton) = (20 lb/ton)(257 T) = 5140 lbs

RI = 20 lb/ton x Weight (ton) x % Grade = 20 lb/ton x 257 ton x 1.4 = 7196 lbs

RT = 0 + 5140 lbs + 7196 lbs = 12,336 lbs (compression)

For the locomotive:

TE = FDB+ Rc + RI + RR

Tractive effort at impending slippage is

TE (min required)= 0.25 x 2000 lb/ton x L (Attachment XII, Section
4068, Pg. 1)

= 500 L lb/ton

FDB = RT= 12,336 lbs

RC= 0, There are no curves

R= 20 lb/ton x 1.4 L = 28 L b/ton

RR= 20 L lb/ton

Substituting in the equation for TE:

500 L lb/ton= 12,336 lbs + 0 + 28 L lb/ton + 20 L lb/ton

452 L lb/ton = 12,336 lbs

L = 27.3 tons (use a 30-ton locomotive)

Kt'DATAWAlS¶ATT.VLWPVA 10
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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:

RT = Rc + RR + RI

RC = 40 X Wheelbuae (fi) X Weight (ton) = 400 X 6 f, x 257 ton = 9388 lbs
Radius (fi) 65.7 ft

RR = 20 lb/Lon x Weight (ton) = (20 lb/ton)(257 T) = 5140 lbs

R= 20 lb/ton x Weight (ton) x % Grade = 20 lb/ton x 257 ton x 0.5 = 2570 lbs

RT = 9388 lbs + 5140 lbs + 2570 lbs - 17.098 lbs (compression)

For the locomotive:

TE = FDB + RI+ RR

Tractive effort at impending slippage is

TE (mnt required)= 0.25 x 2000 lb/ton x L (Ref. 5.28, Attachment XII,
Section 4068, Pg. 1)

=500 L b/ton

FDB = R1 = 17,098 lbs

R= 400 X 8.3 AK x L - 50.5 L lb/ton
65.7 ft

R= 20 lb/ton x 0.5 L = 10 L lb/ton

RR= 20 L lb/ton

Substituting in the equation for TE:

500 L lb/ton= 17,098 lbs + 50.5 L lb/ton + 10 L lb/ton + 20 L lb/ton

419.5 L lb/ton = 17,098 lbs

L = 40.8 tons (use a 45-ton locomotive)
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For the case of a single locomotive operating in the drift turn out a 45-ton
locomotive is required. o

3.3 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
5. K=0.25

For the transporter.

RC= 4400 Wheclbs (ft) x Weight (ton) = 400 x 6 ^ X 257 ton = 627 lbs
Radis (ft) 984 fi

R= 20 lb/ton x Weight (ton) x % Grade = (20 lb/ton)(257 ton)(2.5) = 12,850 lbs

RR = 20 lb/ton x Weight (ton) = 20 lb/ton x 257 tons = 5,140 lbs

RT= 12,850 lbs - 5140 lbs - 627 lbs = 7083 lbs (downslope)

Case A*

For the locomotive operating in tandem with load shared equally:

Draw bar force on each locomotive = 7083 lbs = 3542 lbs/locomotive
2

Rc + RR + FB = RI + 3542 lbs

F9 = RI + 3542 lbs - RR -

L = minimum weight required for braking with 25% adhesion

KIVDATrAW(ALT.VU.MOi MIlUM
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FB = KL = 0.25 x 2000 lb/ton x L = 500 L lb/ton

RI = 20 lb/ton x Weight(ton) x % Grade = 20 lb/ton x L x 2.5 = 50 L lb/ton

RR= 20 L lb/ton

RC= 400 x 8.3 ftx'.4~~o984 ft x L f 3.4 L DIton

Substituting in equation the equation for FB:

500 L lb/ton = 50 L lb/ton - 20 L lb/ton - 3.4 L lb/ton + 3542 lbs
(500 - 50 + 20 + 3.4)L lb/ton = 3542 lbs
473.4 L lb/ton = 3542 lbs
L = 7.5 ton

Braking force F. = 0.25 L lb/ton
= 0.25 x 7.5 ton x 2000 lb/ton = 3750 lbs

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 + RR + Fs = RI + 7083
Fe = RI+ 7083-Rc-RR
RI = 20 lb/ton x L x 2.5 = 50 L lb/ton
RR = 20 L lb/ton
FB= 0.25 L x 2000 lb/ton = 500 L lb/ton
RC= D8W 8 - x L - 3.4 L Ib/ton

9 84 ft

Substituting in equation in the Equation for F.:

500 L lb/ton = 50 L lb/ton - 20 L lb/ton - 3.4 L lb/ton + 7083 lbs

(500 - 50 + 20 + 3.4) L lb/ton = 7083 lbs

473A L lb/ton = 7083 lbs

L= l5ton
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Braking force FB = 0.25 L lb/ton
= 0.25 x 15 ton x 2000 Iblton = 7500 lb

.: For the case of a single locomotive transporting down the north ramp the
I locomotive must be 15 tons. I

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 Type 201 locomotive with 100-inch wheel
base and 30-inch-diameter wheels. See Attachment XI[, Section 4, minimum
radius for these conditions is 46 ft.

I :. The 20 m (65.6 ft) curve radius is satisfactory. I

For the 45-ton locomotive:

BP = 356X s (Attachment XI, Section 4068, Pg. 2)
356.25

gp..sooxAsx5 =316
356.25

From Attachment XII, Section 4068, Pg. 2
BP = 15/ton for locomotives over 15 tons travelling at 10 miles per hour.

3.5

:. For a locomotive speed of 5 mph, HP = 45 tons x 7.5/ ton = 337.5

Reconunendation

Use a two motor, 45-ton locomotive with motors rated at 170 HP each.
Total rated HP = 340 for each locomotive.
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goodman
GOODMAN ELECTRC LOCOMOTIVES

FOR COAL MINING, METAL MINING AND TUNNELING
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ATTACHMENT VIII

TRANSPORTER/GANTRY CARRIER TRUCK ARRANGEMENT
AND WEIGHT ANALYSIS

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 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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TITLE: TRANSPORTERIGANTRY 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.

2.0 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
No.*

Weight-
Quantity Each (lb)

Total
Weight (lb)Description

1. Truck bolster

8. Frame assembly

9. Center plate vertical wear liner

10. Center plate horizontal wear
plate

12. Brake beam wear plate

14. Wheels, cast steel

23. Axles

27. Bearings

1 1,460

1,030

1,460

2,0602

1 15 15

1' 5 5

2 3 6

4

2

830

1,415

135

3,320

2,830

5404

29. Bearing adaptors 4 55 220

Total weight 10,456 lbs

*Item numbers refer to item numbers in Ref 5.39.

Round up truck weight = 11,000 lb or 4989 kg. I
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From Reference 5.39, Freight Car Equipment Weights:

ILCAR SPECIALTY USTING
126-TON EQUIPMENT I*.

1Tukose+ae5S~1- BukI l- 1450 E
2. _ I enterrPlate bowl,10 In. I
3. -Tr-uck olsieruGrdo-C-Stoel Eukv 1116

4. Cetnte Plato lwW7 10 In.
-5. Poste CUP, 10-1/2 O.D. Asteov .24

j ieFaeG rad--te Buckeye B

KNAMSGRU

bu.� .

�.c.PAtt,� I
� M. I�auah 4t1454SI

- �224U.7W �AZ

.* .. �..-.--- -

- - Z,4$�'�k

B. Iframe AZZEM0lV Kaf!vaIm a2 qnqn .,

9. I Can.Pl.Vert.Wear ,Iner Buckeve - . 1
10. I Cen.Pl.Horz.Wear PI. BUC 2 _.
1t. I 1S Cue Weafuter. F4838 Astralov
12. Brake Beam WemrPlate 5Uff alo
13. f bolster Assembly - u T ex 4 1740
14. IWhealsCast Steel Gri.Std.Stl
15. t C13-31 Class C - 80
16. CC- Class C Std. Steel

18. Wheels Wiought Steel Grit Std.Stl. _
-9. B-38, Class C _- 830

20. c3tGCasC. - 925

2 1 . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2 2 . _ _ _ _ _ _ _ _ _ _ _ _

23. Axles 7x 12 -Sld. Stl.__
24. Class Gi Untreated - -

25._ 1Class G Heat Treated ___ _ 4128._I _ _ _ _ 3 -

2. Holler Bearings 7 In. X 12 in. mken -if
28. 7i___
29. JBearing Adptors 7 In. x 12 In. Tlnikon i-16 5
30. 1RHardened Thnust Shoulders _

.-I
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The

BARBER S-2-HD Heavy DutyTliuck
Featuring C-PEP Center Plate Extension Pads
More than 150000 cars equippedwith C-PEP now in service...
some eneeding 1 million revenu miles!

Now approved
for AA.R.

piecfincab'onM-965 81elz~
special devices
to control stability
of freight cars

The ralirosds and auppliers hv For high sd and high mileageo-
orened new frontie ot knowleoge vice the 24HDTruckSUspenSIOM
*bout thc Amerac n Railroad. wilh Icorpo the -ubst2atrcly incrsio
highly sophisticated monitorin g ot dan e br both Kght nd logd
track and frght car V.u c
over a wide range of operating _a44 e see.
conditions. VW, Other krrtn design Improvements
Among mhe fitst to put ths ,ww Wnoe- le re~ sad sea are in thes friction casting. bolter end.
mation to work. and to apply Itthrough ke tb ess and sde frame constructoni Thou.
computer models for practical. work. by we low . coupk d with o repotcSble bolster
able hardware is Oh Stchdu Car pocket wee plste nM Vep. tVe
Truck Company. The resuitw ame soig. center piags extension pads. coomris
tins to thplcal train dynamic prai. ths finest haevy duty truck suspefon
is-4tuch &2 100ion loaded care rtm" available.

leaving the rails atlow ePeeda. boun-
Ing at high speeds. and empties t t o _ _ Tho g long ptring trave S2D Truck
hunting.,ei Y srtatoek provides a lull loios-carryINg capacity
An Improved Garber S-2-CO truk Is b ob esusva"e~ mee'rss with standard AAR load coda lend no
now available as a "Heavy Duty" ~ k oupplementat damin devices In thW
model. or 5-2 4D. A stronger new gen. ubl of " V umk spring group. These changes ar typ-
oration truck developed from compo. -_am! uII felur cia ol Standard Car Truck Company's
iar simulations and field validated. _t b 11 _, dynamic modeing. structural fihiI5
Enginetred with GSberloadenjtv ee oment anays and tice petftor
variable damping. the r-24HD ia the mince testing. Taken together. they
coniemporary expression of our have rsutted in thse 52440 Truck for
"Total Design ConceWpt -_proved e U0ilt"6

Figure 1: Reference 4.4.8 Page 492
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BARBIRO-SCHEF1EL High Speed 1 00-ton Radial Truck
by Standard Car Truck Co.

Figure 2: Reference 4.4.8 Page 495
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ATTACHMENT IX

TRANSPORTER COUPLER VENDOR INFORMATION AND WEIGHT
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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).

2.0 INFORMATION

2.1 Coupler Weight

From Ref. (5.43), Appendix B:

The rounded-off coupler weight is 79.4 kg (175 lbs).

3.0 APPENDIX
INDEX

Item Description

A. Fax from NACO Technologies to Dave Hamann from Mark Benigas
5/2197 with vendor drawing of Willison automatic coupler No. 35958
(Ref. 5A2)

B. Telecon from National Castings Inc. to Dave Hamann from Mark
Benigas (512197) with coupler selection and component weights (Ref.
5.43)

Sheets

3

2
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APPENDIX A

FAX FROM NACO TECHNOLOGIES
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i409 Allen Drive. Suite E SERAPID Tel: (810) 588.9530
Troy. Ml 48083 USA. hc * Fax: 1810) 589-8963

RiodChain Enig'ineg

November 30tn, 1995

Dave Hazann
H.K.E.S CP-2
720 Park Blvd.
Boise. ID 93729

Dear Dave- Hamann:

Thank you for your interest in our product.

The S-rapid 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 can:

-. save engineering tiess 4 clearance holes for mountLng, standard
product that can be used overs

- save installation time;
- vave machining timeS
- save on maintainance: fully mechanical system, no Lubrication
_ save space.

The Serapid rigid chain is especially suited for long stroke and
high load applications.

Please let us know how w* can help.

Bost Regards,

Said Lounis
Sales Manager

Endl

SLI km
8305
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Tihe product
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. _ -. _ _ _ . _ -- = V-

THE SERAPID CHAIN:
A JACK WITH
A FLEXIBLE ROD
The Serapid system is cutite
onginal. in the sense that it
stay very comPact while
allowing to pull or push a
load horizontally, vertically
or at on angle. Capable of
long travel and positioning
accuracy, regardless o;
weight. When retracted.
the Seropid chain coils like
a regular chain in
minimum spoco.
These ieatures ore what
makes the Seropid
chain exceontonal.
with appliconons in vir.
tuolly all indusres.

ADVANTAGES OF
THE SERAPID CHAIN:
. Power of a ock
. Fizibility oo chaoin.
* Umited space tuse.
* Accuracy and repeatability.
* long strolkes.

Low maintenance.
Low cost.

-Easy implementation
and/or installation.
Safety.

U unfw7TAI GZ7TATT.Xl (Kr"
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An umbzoW imNon has made its appearan
bringing reVoluictnar solutons to the cay problens
of oney and poaitonin. loas in a mm wh
limited floor spae for haniling equpmet. mcim
manoeuwrbir precie positiong and nnshifing of
konds ame ured
Esili;cally, it U a question of a powr cauin htwing
.he origial chacterisdtic of bccoming as rigd wh
thrusting as whe pulling. be= of the special dsWg
of itulin.
By ne of thei- shtpe, te links hm slwulders.
which against each oher as and when they etne
fro the dnve houstng.
Conra to 0rdina chains and subjec to observing
cm-min condidos of use. the chain can then tran=mit a
thrust morion as wel as a trscive fore.
The chain drive itself is obtained by means of the

a of twin piniors integrally keyed onto the shah
Which ibe housing Support.

Far ths purpoe. mm rollers besting on each link
ais engac the teeth of the co pinis.
Me thlua moion is abed by the drive housing
by nes of a simple device. The axis. of edh link
caries. between the two drive roleir. a centul rollaer
Which tevolves cow a atea plate fited inside the hos-
ma. in two ways, the links rai set inide she housinsg.
haw. the tzh of the pirions and the steel plate
Wb Is the thDI tOC oC. , .

We hawe t pro&-.A a device o'=Ung with a
thrt mooo nd a tnedw force by preservingt th =
sa rim., the arriculation n ry for the dhan drive
an it s of direction.

M&auzine UtustraUeng double .ecoU festur

V wrro
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SERAPID

Rid Chain Enginog

MOST FREQUENTLY ASKED QuESlONS ON SERAPtD CHAIN

Please describe the chain:
Therc an two maw torn pontsw ma Senpid Rig d%2in iuemc
- hei1ai itelf.
-Th" driv emminmg.
The hs. is tempo" or:
. Sie pLm whkic art fine b1aked f(nr preeimi talerase. The mIc plaUI intcwlik W

eue& othe and havre mating swfues which an f6La and wkicim prurie the push rftre.
reme mating surfaces are m21 heek

* wipit p.".andrai roners, which ame 09C machinti& hta treated. then IsoawL
rhan dvie bowing ae ompaedorf

A de s at c 7 Seal besrinp,
d sproktts. 1m to depeading .e thain m

*eacion plates made out of thh gadts sap. precson maddnetL
* C mi pair for assnibly of the ahce.

How does It work ?
Imagine homding. b ar of'steel in esu hand.7kat.i hiw the Serepid thain feek with the
hets (betting surface of Siahk) at the Wm. It% mm weight keep it uraight and riuid.
The duin saas riid under its m wteight or the ippfied load. beemue or the locing
moment h ioca the Iinks torter.
Nw ick up the Ire end and roll it bacl.t tiilse aica emetinal daie Th1 u what
a ewi toq the drie haau.Te dhi i tiled W dtrepe or tfl depe to ze ith

sea (t dway.

cosnained by teel esettse plates k iide the drive hie. The rction platts am
atiged to take up the reactmo to the pusing forte.

What are the two holes in the front link for ?
A pini leA Dit esct toan*& thekuf theatatthel66d

mpiw isin ithed eoftred hii r tth e 6ML

Theother p~in )&ishinline wihte hahhuuedki wfor Mmhag,

SERAPID

Ta on" M. : F M

Ii UUW%%rIM&%ruyr~x, uoaw,s
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SERAPID
USA. kv

Ri* Chi E£nr

'he pwrps of the pthinj pm in to enme thai the chain I.k5 up ilmint ptihifn. by
*urmg tku the reacm from the land acma hba alom (he dahiua he4L

Does it need a guide ?
NAThe t mnn id aeti to rpcnte without a piek.a Inasn i te Ilacsi uP the dha.
he thain in uleapinedl to excert a (m al"I itl heelxvhee" PAieht. and slaet itt pim

when pullinf. No mde load on the chain is auweI.
A tuidr is MiT rwqmrwcl if:
-The ehain ay hc subjt eto le lcr erceneri IMasi
- The ead iA nat eenteir an the deui. w its difrodt n lhcat.
.Th. ricfu tn (arm Iron the lead (when pmbing) tm noet the din heck

The travel is toe h m rrlation to 1kia m. For emple. 1.r II leet of tinsel. izw a
ul ma, allow the *ta( 4 4 pitch dia. whereas wintbe a guide. a U pti"s would be

NoeaGullen when use dom not have to m the length O the stroke. For exemple. (raif
feet of trnael. r rcet mtmv couli loe guideA at the begining of the tarke. or5 %ecaiomtof I
re" lous guideq coul eedat rend. alsq thestroke. ete

How much can it push ?
I diN 2 z.2 tbs .
NominalrPoaW rp n pwm (ire ermmIIIforthePi2S(ptatie duina to 1.I-hnosfor
the PJ ehainL

e smallent steel chain is the use 41F; wnh a notinal pw/pull rac of 1WI 11%.
rht in eant by h mmal n t
*n
*fMai Mpparted.

*a~
Me AackL
aw seed (up to Is reeximtr4te

*Mbutteat duty.
* Prs etal trmititet.
amgestr hiher xpetk shacio pcmem. heavy aw. te. all trduc the n.omial

AS abase flungi parametf &=mulai
Plew cu she rsc for appiatias eug eineemut smi

SERAPID
*a" * To" u
'Wi mimq0 .ft .. .a15f,.,

UU0 M& waanlAf-x&4aOnl
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4 V

SERPIID

Rod Chain ExinwM

soone rules or humh:
I" te is goWe4. nminal espcity remain tegzleitmL rsake.

In lilling appIa uooi. r ut samfral apai.y In hall.
wim the smwt is doULed cut the chain apacity in aL
Ve tke chain is ungided and tnmpported cut the opadty by a thin

How fast can I run this chain ?
UMis Ia Selisit to the qted or t hain.

Bo Iike imy mechatnical ytem. speed meam letw wet.
Sme pMItiam be aken to improve the werbiity nr the chai. an mponents in
MOh speed applicatiou like amping the speed up and down to esi4 shaks.
Phame ea [aw fa 1 *pplialie engineering amiwiee.

How do I loop this chain for storage ?
Flem" at the fri Fae ofomwpecrsestioa detmSt" amre typicltatrge
emmgstra. tisehaia rttunt.
Simply.the chai must be stoma Ae ospa isava iaUe.
1r wan chai retun a EL 5. s L Al the eehain Cet maeangi* e lop
usue an ae rnc*re. Thya~rthe adestntag rdce starae spae, an yet do wot
requre a pidel mame magazine. The end or the chain simply sttached ak to the
drive hOMingF an ihe cain WU stippor itWell.
Plea we page 12 of a peseeuts dimonkm.
ir the space naw istill too sanaLu then a multiple 1o stome magzine it reqwred.

Does the chain need lubrication ?
* lia, aot. An a 1ial al_ l spy ;l elp keep the chaim de a" free tErov nsu.
In hig spe slh hig e~ apphateast ma ke ne~e to hblricatt (or heat
&dap. a reducing rrician between miling/Wing cmp"MIn

How do I select a chain ?
lim maa parameters of tduae seles am
-Whlmithefomemqairedaamocwar
tM (W .Wm to mm it.

*flow [aw .at W me" iL

SERAPID
* b5ka

. IAA , * TOW.&USWaM"
Tat Osum=* PF pman

U UURW*rrRAM aRATX1CI.X7Y
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SERAPID

Pte&% check other racte invalve4 in determining actnmI ptz'h (inre. as shown in 'haw
Mich cm it Putsh" Pargrzph.
Mooa' fiaot .urspplicaUtn qutwuaire. or call the factory. (kwApplcatiuc
Eaiueening Dept is aiwavim availahie to WM Youye.
Fe~llawing above "raite oi thu~mb" Will also "eer. but plwce wvciry Ynaselextioa wvith a
Application Eaioneenng Dept.

What torque do .1 need ?
Onoe the thrwa I pusJpulA rarc a oletervdned.3and the dmainsleltecl.
tortluerqii(n~lh): tu) srce i (n: i(hveusov.
hI tolling lutd applicmdoemL plome remember to icladtl actelration and decel. Iark

How do I calculate Serapid shaft speed (RPM) ?
Tr~minoati sped (reetumn) xO it pitch peinmetet (rett) as hAdt Mtfl
PMtc periffeteru-

Sm 40chainucU21 rfet.
5i%,4o& doce 12Ureet.
Size q8chais.- iS4 reet..

What motor horsepower do I need ?
HP at the SerapWu duive shtah Torque (ina-u: Sewid %Wat speed (RMM): 636W.
To abutij input HP. the shoei rqure mna be Alevded by rcducermamw efrodrimy.

SERA PID
U" hhA

uM%%V"AIdaP1ArrhX8 #Mvvv
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ATTACHMENT XI

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 locomotive were available.

YCATAWAI*A1 TT-]t 10 1W01
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SZCTMK IID79-A. Pop 2
July 19Ts

a

U
w vMM-o 5~

............. - - --- - - - - ... . . . . . .- - - - - - ---

e - SALLU Kt"

COAL MINING

35 TON-4 MOTOR TROLLEY LOCOMOTIVE
rOUR 201 MOTORS-6OOHP BLOWN AT 250 Ot SOO VOLTS-STANDARD ENCLOSURE

/G '

I

TRUCX FOR 35 TOM LOCOOTIVE EMUPPED %TrK TWO GOCODAN 201.12SP MOTOR. TKE BLOWERS
FOR THE MOTORS ARE )OUWTZ ON TIll TRUCr. KAENG CONNECTIONS TO M MOTORS KUCH
SfUPLt THRAN Ir UOUNT ON TIM N FRAME. TIM CENER WARUNG. UPON WICH TIll MAIN
FRAME RESTS CS 11" IN DMAMETEL SME DEARINGS PREVET ROCVXG Or OTU LOCOMOTME AND
HOLD TIM MAI( AME =NG PIN IN TEE CENTER STARIN.

U Ua VT tWiAXU79ATTrfl2 F2
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11
SOP VIEW OF LOCOMN't ILLUSTRATINO DUAL COMOL CMRT. ONE XET. CREERSM CONtAC.
TOM AMD RZ=?ANCE) ON EACH SIDE Ot THE tLOCOhaOTTV COtMLS TWO MOTOOL TOUR VAND
50X ARE CLEARLY VA5LE. BOWEVER. EIGHT SAND DO= ARE PAnOVd.
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SECTION I

MIDWEST RAILS, TRACKWORK AND ACCESSORIES CATALOG,
MIDWEST CORPORATION

V "%Vw Ana1719AT.2 PCMn
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MIDWEST STEEL DIVISION

General Offices
610 Cal S sir"t I
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Branches l
_ 11I0722ndSuzt ..

_ - C1A11. City. IIUtbd 602t40_
131412414 2 -_
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RAIL-Setlog6 11325

115 lbs. per yard
202.4 net tons per mile of track
26.1 feet of track per net ton
Stock lengths 33'0" and 39'0O

ANGLE EARS

24" length 71.6 lbs. per pair
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SECTION 2

THOMPSON SAGINAW, ADVANCED LINEAR ACTUATOR GUIDE, CATALOG
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Kaman Industrial
Technologies Corporation
I1N CaOuWwi Awne
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| KAMAN-

Advanced Linear
Actuator Guide

The complete selection guide
for linear actuation components
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Engineering Support
Thoson Saginw products at engiee-e to woMd cdas
vertformance standards. so twt you can specy trhn worldwide.
Th s Engoneerin Secion provides chus. foernutu aic teancai
informTiron for.
* Load Csadb for honzonW and

verwa mounted appkabons
* Balscrsw roe
* Opeog speef_

C*kr su2ffnen

Design Formulas
These tmula low you to calculate a number of nportarrt factors ct govern tte appation of Thomson Sagnaw bal scews

1. Equtnlent Opeating Load

3 1 q, (F,P - qx (F2 - q3 ( F3) - ... q, (F.)Y

2. Bal Screw Uf (L)

L - (I x L in iches or La ' L

3. Rotatonal Speed Required for a Specife Lnk Velcity

n= Trave Rate fn. x rnin.)
Lead (in.)

qn = Proportion of Strole or Cycle at F.
F. Icrernent of Load (ON)
F a Equivalent Operating Load (lb,)

C a Rated Dynaric Load Caoacity ONb,)
F Equvalent Operating Load (lb.)
L ULie hi Inces
L,, a Life (hours)
n, a Average Speed rt. x rnin. 1)

n onp"

4. Machine Service Life

After ball screw loe OL) is calculated. apply it to the olowing formula lo determine machine service lile.

Machw* Servc Life (in years) a =L wqMacineSericeLie (n yars -(machine oprtn hours).- (days/ear). (ball srW" operating hours
trnachne operating hours

S. Torque

IL Driving torque: T. Fe P .0.177 x F x P (, x in.)

b. Plvdrre trr~r: Tb*-FXP e c- 0.143 x F x P Olb, x in.)
b. Backidrivetoarque: Tb = Fxxe :C4x Plbin

(cornersion of linear to rotational motion)

6. Pow

- .F ! e 6. 0 x (HP)
(Zii-e 6.302' 10I' 3.S64i x 1s

F = Equivalent Operating Load (Ib,)
P a Lead (in.)
e a Efficiency = 0.90
T. a Driving roque
T, a Backdrrve Torque

p, a Power (HP)
n a prpm

14

U .. w"Ms ur Arr.x. I ,U26u'
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Life Expectancy for Precision Non-Preloaded
Ball Screw Assemblies

Lowd tr
& Stow ScaIwI

IN '6

ad Wr
Stamnu SWN Skm"

Ob. 9
36.DDD 160.200

3?0 00

257 000
is' Ooo

Ii8.000
133 500

t.000

JA 500

iS SDD

13900
351W

2 670

I TaO

18000
14.400
10.80

7200
540

1.600

1 a0
1.080

'20

540

IOD

IAQ

SQ

180

360

IJO
I

'5

it

7

S

a

30.100
6* 060

48.M60

32.0*
24.030

16020

8.010
e.4os
4.06

3204
2.43

1602

301
541

'81

320

2*0

ISO

D0
65

48

32
24

16

I[M3S 300 :lISD 200
* 000.1WO

690 200 750.200

57F200
4*5 ~ ~ 37S- 2500C

4tS XX*3C- MSCII

356 30 500 2D0

257 50 531.2X * 5DO. SD

711 40 631-1000

134 30 750-200KW

39 20 375 125IC21
373- '25

,n .ac1I

44 I 375- '251CII 2 a

" _ - W LN W 40 qo _ 2 R S a8s

Life Expeeuncy
It* 1.OO.OOO in. * 25.400.000 n ofTar")

Example: Apclication lile expectncy (ttal travel) cesired is 2 milloni in.
tS0.8 minion mm).
Normal operatng load is 10.000 lb. (.SW00 N).

All screws with curves which pass thtouh of are above and to Uie right

of the plotted posnt are suitabe for the example.

_.- t_ .~ S _ _ _ _W -" _ _ . _ _ _ _. _
r... - - *0 _ - _ b _ -

To order. cell 517-7754123

,Z -. *--f eW "W.-~ t11
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Typical Ends
me,, typ"ca ends SliWn bWIow c bO macdrlned on al t2ll scrwws'TVa
w~ bai splint'. Specific dimnwsional data is providod in th* Chait. A~ .w
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Precision Thread Screws
Precision Scraw Stock

Ltad Accuracte:
.004 mntt. accuhacy suanard
.002 inAt. accuracy available
01 nAt. accuracy avalable

A l

(A a
Root MaxmumSam Law Part DOtewter Larnt Weigm

Cirdo W Directert Number &. AvaUal fI) Ibb) "we WM Thwse Rub wrMoun Mocks
.187 .050' RH 782163 .140 1 Ms TU1632. 721609 NWA

.062 RH 7821633 .140 1 .006 7821579 7831631 N/A
.375 .125 RH 57075M 4 .6 7574.57052 WA

.125 LH 5708532 3C0 4 .026 57612.5TO9S7t NWA

.125' RH 57065&W .0 4 .26 6709576. 57763 WA

.125 RH 7824974 .285 4 .026 784973 WA
.500 .200 RH 7826721 .360 a .040 7B26721. 7826763. 7123871 N/A

.500' RN 57067M .360 4 .042 5707506.5702, 7826767 WA

.500 RH 570686 .360 6 .042 57076u 570958 WA
.631 200 RH 5707S40 .480 6 .0 78207. 05. 78 4 7824154

.200 LH 5707541' .480 6 .09 7282 7824154
200 RH 5705378 .480 . .069 5707645 712454

.631 1.000 RH 7826712 .505 6 .069 7126713.7827531

.750 2Q0 RH 7824296 .600 6 .121 724297 7824155200 RH 7826770 .625 6 .125 782768. 782370 7824155.500 RH 7824361 580 6 .131 M724358. 72699l 7824155
875 .200 RH 5T0559 . 735 12 .148 5708777.78235 7824156

11.000 .250 RH 7820426' .320 16 .183 57750. 570038. 5708276.
5704167,7323586 78241s7

.250 LH 7820428' .520 16 .183 570755. 5708284.57M16 78241S7

.S500 RH 7824290 830 16 .183 712426 7824157.1.000 RH .720429 820 16 .163 507509 78241s7
1.150 .200 RH 7820430 1.005 16 .285 5701568 5704270.7823s87 7824155

.20 LH 782431 1.005 16 265 7620207.7 20206 782415s
1.171 .413 RH 7820432 .870 16 .231 5707511 71241S7
1.500 .250 RH 7UO595 1.320 20 .432 5709587.5704271.7823s8s 7824159

.250 LH 7620596 1320 20 .432 5701990 7824159

.473 RH 7820597 1.140 20 .373 5707513. 570634s 724159

.500 RH 7824253 1.140 20 3g9 7824246 7624159
1.000' RH 7520598 1.140 20 .373 5TO7280. 700698 7124159
1.000' LH 7825925 1.140 20 .373 5701895 7824159
1.575: RH 7820599 1.188 20 .43 S70764.s704272 7824159

2.250 500 RH 7820600 1.850 20 .906 5701516. 57064 p$ 7823589 724160.500 LH 7820602 1A0 20 .906 5704000 7824160
1L0 RH 7820604 1.650 20 .906 5704555 7824160

2.500 .250 RH 7820606 2.320 20 1.268 5703243.7823590 7824161
.500 RH 7824262 2.100 20 1.157 7824136 7824161

3.000 .660 RH 7120607 2.480 20 1.63S 5707519.5708347 (KW 5703045 N/AI.500' RH I 78206og 2.480 20 1.610 5704986 NWA4.000 L.O00 RH I 5703262 3.338 20 2.869 s703256 N/A6.000 | RH 5704782 5.220 20 6.830 5704738 WA

-StmSloa
| WW Sun Tt l~w
*& v_ 03
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ug eSIAM a"ATr.MJI MS"



ATFACHMENT XII
Title: Preli Waste Package DI: BCAOOOOOO-b1717-0200 00012 REV 00

Transport and Emplacement Equipment Design Page: XII-I3of XI-50oU
. NOPRLOAOED BUA NT PLA

.- I 2 1 D.

Crd Mu. Bd pcO e Stetr N E n Mt d
DaMNN LOad Oww Put Put LoW Load we~gh Pt Pvt Pmt

N^ { sutlpS N"tw Nmbw ob) N l, NaHwbw Nuw

3.000 1.500 RH. NP 5704H86 7820609 53.646 253.617 27.20 5707575 5702661' NWA
Snah" wvw' bmod ,,N Rvbmx dnoOAm-": - WL-) gho A,..M~-7so A: MEW D&-3i40 ft 'cnuI IW'CN a O0M Vdw 3n ft

*NONELOADED SALL NUT FLANw

WWIPER KIT

ea MaL Ban WIPe End

Laud LOW Cqm Put Pa Low LOad W PtI PW Pat
in) (. DO Nmb NUber (ltb) (lb) pb Nibwr *Aibr N~M6

4*000 1.000 RH NP 5703258 5703262 85.758 476.970 53.50 53307 50306' WA

&%UWI.ycm won b "'wh a."a d?0dMU K ,o S&-4 2 in- i.-Ma Om0 in.; Ow -4.740 akuinm h Imm wr Eo ov WI AM

To onler. coU 517-T774123
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MARTIN SPROCKET AND GEAR, INC. CATALOG NO. 60
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All Steel
Stock No. 140

I; Sprockets 13/4" Pitch

Single - Taper Bushed With Hardened Teeth

., C*TMA& S
,,M .:1010OM,., ..sE
17 .4 MEM. n

r B

1 _,

nc

ITC

T
26 1411U6H

r
I

-9 H'2

LT ;;;
i I'

TYPES TYPI C

Single - Taper Bushed
h. -, ,,Piu .. _1 ,,* . *_IN" _ fhttr~ Offw Sa * eot 0 0Si N1,~~ 0 a e ~ ~ I C T p'p 0 . 4AOT

. 14t 312 2517 7511 6.712 2 1t 'F. . 7.D 3.5
U3 1T912 3020 &150 7.313 3 2 51. e 3.0 5
.4 I a s r 9 3 2 £ 1 7 5 4 3 2 S .8 1 . .., 14t4 3oa= e 2 5 J *0 a
'5 UnTui 3020 9283 5.417 3 2 5 It. 12.0 6.5

'16 14tUa 3020 9.6" 8.970 3 2 5S*. e 14.0 . .5
04311T 3020 10.411 9.524 3 2 51Y 18.0 6.5

.8 1lrU 3t 10.975 10.078 3 2 5Y. e 1.0 6.5

.9 14Ot81 30 11537 IC.=2 3 2 5t. e 20.0 6.5

21 1W - 3020 12.66 11:5.72 3 2 St. e 24.0 6.5
25 14t 3020 15. 4.51 3 2 5. 40.0 6U
I5 t S352 20.494 19.52 3?t 3r f 5ft C o.0 14

s 14i5 4 203 25.01 r, C 1LO 22
64 34.42 33.4 314 7 . C 160 22

4OA0 dOa1? 39.001 4 4 j 7% C 241. 2

Us
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All Steel
Stock No. 160

. Sprockets 2" Pitch

Single . Taper Bushed With Hardened Teeth
, - '1

,1..
UUM

11

is

11

21
7&

N. CATALOG

I, 1606 1 14
7 1406111701v

' I u 0 6 T h 1 5
1T1>

ll0TW1H

tIgSTzxk

S
A
B
E
R

.4'..

0
0
T

Single Taper Bushed
,km * .~ , ,

._ low _ .utd _ i."w DIMMM _ D, L C Cl. l ,
II 1 1i 2517 Dm1 70 W _% IVr. ., . 3.5
12 terntX 6fl4 7.727 3 2 51. . 1.0 6.5
13 160 X1113 3 0 9.314 1357 3 2 Si. a 130 .5
I' 1T10M4 -MO son ,1 3 2 5% I ti.O 6s.

is 160 11s 355 *0. 9.6uo 3'?, 3', 6r, S 25.0 140
a ISO 11 335 1121 10.252 A'i 3% si. a 2.0 140

o17 wli a 3=5 st1us icm }4 z; w, r, a 20 140
010111 to 35 12Mull 11.l5l 3% 3 %4 6 , 31.0 14.0

"S lIT,11 3ll5 hIIt 1.1 31' 3*g, V4, O 330 14.0
SI toi6r0 t 3535 14.4m 13.416 3'I 3'?, 6.4 a I0 1A
36a I Et s . 3 5 17.671 '6.5 31 3'?, 6%f, U 6 . 4L.O
35 160eTU3S A 2 2 2 .312 4 4, 7V c ia 14.0
*S lth4 400 29.0I 21871 4 4 rr C in 210
to 362362 311.21 479, 5, V, C 22 30.
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GOODMAN LOCOMOTIVES, MINING MACHINE SALES MANUAL
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mm ma�um �.

tOn... geew.. � -

UCbi44rC-3, . y -

LOCOMOTIVE CENERAL OATA

LOCOMOTIVE STANDARDS
WotmaI"On telow was extracted Iro= NatlJO Electrical
Sinamcturirr lAsociation ,Maing am bidisutal Electric
Locomotive Stas-ras.

TROLLEY LOCOMOTIVES
:OCOMOT11vE SIZE: The locconotive size lgves iAtomu sbaul

.qiip111401. bul tht rated WVigh Shaulrl 00 Clooe the -eivitOf
asattgons equipmee or accessories.

TOt R61i'CEs N FANED WEICIT: Tie tolvrames Ini rules
weigre t WLocomotives sun1 be:

4 slid9tons to percest
S. Itamd 15 tons a peretal
Over LS t@ow 6 percent

!CRAWUIAR PULL: The draw.eu PAl in. pounds or. a straight
a"C ltil IZSCK Ivith d?. clelfiau shall of11 G termutfed as

I. Thle irnouiaravaar pull with sueSl trtad wsets Shall be
25 per1cen Of thle rtied weight of thfe laccisotive.

Shal be 30 Percl Of the rated sweigie 04 Lhe lCOCMXW*v.

HOSEP01AT! PIP TOW The s.tianrd horsepower per ton
Q1 fISM Wfight Of 2 motor locomnotives tiall1 W,.

Up tO laid sitludutif I tes_________10 117/to.
31 toll UP 10 Sand toclwisi*g IS tons II______ 12 YPtan
Over IS tons 151HP/ton

T~tXMA%-C? VN HMU5POWER PE" TOv. The toteratsjl
ini Ssitdatd hotsepowvr per ton of rated weight of 2 Mdtar
locoifotlvet shall be:

Up to ijad vincudL-9 LS toeis..-IS....l5 eReit * pl'e Of 1111104
O..er LS tows to percept * plus or millus

NOTE
A mo~mootive having mare than stabsard horsepower per twe
maly bo eapectted to "~clod usl rated we ismt. depending upco,

the amOunt of Macss horsepower Over estaisdad horsepower.
A lOr~OmtiV# #quipped with thle 3til~ftd horsepower of the
teitlarger size oms) Wexspecteatosellh as muth as tustow
tlager size.

LOCMItOTTVE SPEVEDS Tile stasidrd speed of locrOm~~t"
Mt PWUI&0f oriWtar pull for 8teel 4rvad Wheels. Shall be:

Up to aivd btiludine 0 tons I Mpg
II taors up to anid ifclalding IS tons_______ I 5431
Over Is tons to mpg

1. Slow Apeed sisilbe defised as 5 miles per hoct or less.
2. While slow-sped lcomatives call lor less horsepower

pot to.. yet 1w treded borsepoer s the result of the
redced speed. leavang the torque required to develop the
risatwg esawear palI of the loce etlve tit sam as at
staidlid Speed. Tus. wVa the Sain gear rtdcuctito arsd

heel dUamter. the Itc* Or overailidsiuenlonss aideigli
of thb ommrst slow speed are essentulr the s$ames at
stawid Speed.

TOLXPt5Y1S N COCOMT1TE 2PEEtZ- The tolerances
to 5UIIdRO Speed of locomotives Salt be:

Up to VA Itcludegi 1 toss-LS perecet - plus or minus
Over 11 tans 10 percer - pi"or ra uss

LOCOMTOVTZ&=- Locomatve ratuitgshallbetases spo
the rtmitg errttar P llid speed to Amies per hour. This
sVred shell be detertetrtd at fite iwue drawsbr pall from
motor performsace curves. man an allorance for loss of
trct1ee effort for ech spr gpartrausmttitail thtcotbMe
with th fll"o tsbleo As ferthe, ralorwace for lose str
jourm lns. sgOs ald all Guiet l0sse onc percent of the
rated wet t rJ the locomotive.

-INPUT Gr LOCSS
I Of -h r RatUig I Of II

zoo 2.5
Is* 2.5
LIS 2.3
I0c 2.5
7S 2.5
40 2.7
5s 3.2
i0 4.4
30 1.7
2s 8.5

sOTE

The word 'traltsbilsslan- is defuied to mesan c oact bete
an two atrs.

VOLTAGE RATO:C Stanatrd vottget sall be 250 ani 500
volts airtet current.

The foUowig tsbuliztont is a consolistlou at tile shove lnarmilo

Loctocotrre Rated Weight. TOtal norsepawe L acoCettt Speed.
Taof I per Lxc o0civ I t5s per nor

u--t1Axrdl oesc Sxdard I Tolerance *SUaCoer f* frW

4 36:to 4 J 40 34to 6 5.1to 6.
L 54 40 5 t : I 5 SltD So

Sa t: I S to 92 * 5 tol.9
t.I t1tO. 11.1 132 112tIII *.I 6 to 9.2

15 13.6 to 16.2 160 13 207 I I . to .
20 1 6to21.2 I0 ; 27a0e30 t0 7 3o II
3. 2"S. :a21.5 404 * 6I4t3444 4* 10 ItI to 1l
37 34.1 to32.2 356 SOOto 412 t o0 ' to It
50 4 I to 52 I 6 75o22 1 to 10 1 ttl

NOTE
1. The lunainr sitee Icr ticn weizit cllis ref'eCt3 the best life 40451. as 3#t0rttntd1 tv ;,iiectl Operating practice. far

thet Mine1 U.di -r1In¶Tr A1hcn .*covnct rut A th-S ciAt are sase. The rn.zwr Speeds for lervt: tocootntives reflec~ttl
!act -?,.t thvIC7 -lie see i :2rler -I,-WS V:n neavier .r2CUl;i. a?! -st.act earfditsr.,; which peruet hichor 3cotLAC speed
*alt.0 reasau1 le eL.

T. -e 2tbove 'tlI4!2tces nute 310.-Lowce -fr -.aJn j :rtn; arid Scarp warutioci.Snc SuV bocom9otsve hais detnteR1 rated
srawa:r pull. norsepover twlle mues 1110ne carrolpodndwz Sated :oleranices,

SUperAseoc SoCties 4040-a. pages I L 2 djaed SI~tch 191

U, IIO"eWVTL.J 5I.FA~r.K.Ir (0636M
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LOCOMOIVrE GENERAL VATA

TROLLEY LOCOMOTIVE CALCULATIONS

SECTION 406, Ph, I

Tb. load Lint a lecoW1ue Can haul depends 001a t~numeU factors. uimety.
W*W On atbte drIving whels. adheglla between dritylg wheels, and raL. and
train resihance which Includes rolling resistane, resitet*ce due to turvef
amd rewtume fte to gradee.

om INmITIoNs
ROtLtLNG RSrTAYlC
Rolling r*esauce teludes triclUos car JuarIs and fricUto
between wheel trecds and fl,&ges and rail. Wisdage Is nt
cooldered.

Values o rolling reslntae ary widely. depening on .la.
Of car. whether fora whetl or eght wheel type. to he nd d
Journl bertInga C61s ae d wetgtt. allzmeut urt ballart d
ralL FrW accurate catlnoateus. the value o roUlng restit-
anoe sPal be estiated from date derived from eITl <x-
perlence en property being atudled.

Wbere such draf Ls 1 t arilable. vt1e at 30 po s per too
for cars with brwt. joarnaJl bearings aM 20 pOunds per toe
for can with ball Or roller joants betrlnga, are used as
represeotatlve d averap candMons.

The restance due to pades ha an exact value d 20 paura
per tos. for each pertent rise in gade.

Curve Uricton Ls added frlctl in ea Journals aud betweem
wheel treads led rlanget en rail du ti tracI c,,ura .. Af
Is Imlienced by the degree e curature aid spread o rails
at curves.

CR-bs-/to -400 xWheefllmse In fetoo
os f Cml" In Ist

Ia =Lae bhslace. curve friction trorteatly moglected an a
separat, Aid "Vic pert a train rolastaide. ric emy A
small Prt a tll train Is to1 partkalar cure at a Utim. It
Is conldered n a psrt d car aid track fricUto ai the value
aelecW for car and track frmtion La bUp enough to ince
the fricUi due to cre.

NOZZ
T convet defeeturature to radius of cure in h et whick
is esaer to measuo, we foUowiog farmula

Degree U cnvattrf a t

TRADtRU= At!M(SinaUon o Polllng. Grads mdW Curv.
Resist-ncas)

TRAcm~r rMR
Tractive eirt Is te (orcea In pounds exerted at the drtlng
wheel treads.

LEVEL 0DRAWSM PULL
*Loeel Drawtar Pu lls the pull In pounds axtrted by the Ioco-
DtihoaC tla. drawhr~ l eecidry tracL Undr Yama c OO-
ditioee, It Is Pere eft the settu weight of the locootase.
w*ich Is calle pertc of adbesto.

Alhes101 expressed La a perceage o weight eo the drIviln
wheels, tr a measure a reskstabl to s1pping. Values d
s zihlbetwensteltreed(steel re roUed stel whees)
Lad clean dry steel raUl waU above 30 percent. have be o.
servd Rowever In mlo se la there Ls a Wi range In
ran we1ht, allpmeand ballast adbIn ralcoodltloce, vary-
Ing tram teit Lad d&r to rmesy OA wet. Therefore. vales
for adheslo, muet be based 00 eso C oe od from -tail
experctnce but lotomotives are rued as foUllw

Ratd Runaing Drawbr Pull wVI
Stool tread wheals (steel tres or rolled

Stool weels) 25
Cast bTo, chilled tread wbeets 2

Rated Staring Draw~ Poll. with sand. thl
Steel trM whels (tceel tires or r

rolled steel Ices) :
Cam Irm, ched tred wb*eeL 25%

1. Above data la base no level back wtth dry clean rails.
2. Wet ratis have as adhesion value. varying between 5 and

15L tr.

MtACll ZrrORT AND DRAVW PULL
The tleorstical diffrence betwee tractkme eort and level
dnru poU Ls the force requirud to roll the we*Iod loco-

oUve. wheet rims and flanges on grades or level track.
Sicts Meetlictwdves are equipped wIth roller bearings.
the roling resistanlcet a locomoltve Is cotnidered to be 20
pounds per ton, or IS of ts weight. Therefore. If the draw.
bar pllU a ltocomoive is 25a of Vs weight, the T.. will be
25% of us weight.

P-plo . assume IS too locomotive.

Drawbar poll- ita a 2000 c .25 7500 pounds.
TraceU Efort - n504.01xi5 xu2000 1X2000X.26

* ?100 poud.

Supersedes Sectti 4063, pips 1 thu 4 dated Mrth 171.
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3ELCrcING THc PROPER 31ZC TROLLEY LOCOVACTIVC
ThtIelt@V~gICl.A ae hn CY4t0.tmlhbet *dta.-

thag the t.40tZed SrU o Iscur Etu * a1Y03 aPpuKation.

1. trt a restatamcw Up vre * R,

D0w% * se, - It 0'(CZOI
Iwnore:

_ Rai ,.sinotag
C -Ct ,d wprcn

Ud itSeU OIt Irrel or a Are4.

L -tO Mo (K . i1E* ol

L - WIgat Q 1w ye to toss. (tin2000-.
V We41 Mtr.J11nglS 1atin CTtF-2O0t
Ik TMto ML1XhCe (the/too)
KX -Atift Iapresaeet a a aectun)
C Ctr &ua prcem
RIt Laenettn r.Wjt irooteuw* tO20 Is/toal

3. Rated Trivw - I 2000 L a I r4.011

4. ated Drr Pt - 2000 La It

.fteqrod RuaLa TMratlve LUGet l URI* loi 0. W

6. iqued Ra, Dnwhar Poa - W k Re

T. lleapner rsrt -4

what.:
5 = 5ro MPFL
33L23 - crverptse lcotr 1&elttggctrelckml

K.XW. - italtrui Ua c to Wcmmlv
YLW. -K.F. a . 44 4.

A - T. t.4uax -T.L T. ?lag"qrlgd)
100 M Lr t W)

10. TSA to Us*coIrs

TS- .2 V

Vt - Stant velotty (taps,
V2 a Ansed colenty ahl rb

Ts ' SeM acestouo I $4K*As

It. Distaft to Y¢eetem,- V2 VI X Ts X I- 47 _ te

12 BnrA ~tf'- t¢ON"
r - Sooaw L -WN - 2oGl- LC100

K t fstn4ncasl

TC - w, t 2Gn t

V - sou *n) wI IL W) SON (T,

iwbos GC4rz
WV2 - AI Velocity Lt. "

I 47 AL r a lose I 3o b t

r - 300 XL..Wn-2G-OG

VT force Tb L;co -ta"W eq. lrtwemI

13. tas lCS -Ais it

IL 't rao RtI

T,- Uaalacuth to MP

Tv - lng btte la I NN
V2 et uafe, tobrak Is (dt

Dw- time uih *t g40t

IL Ce ttma ewftin rteIrud by rwt mos aq4ue
omtbud to" APe t ea sattln1.
I etowes as baetmet us 4t4 extas wily to tcraus tte
ceam r tt W WhoW."led. blowers wVal emty

"osp "dWjia4 VOee1eau,4. to tmtf*%M cr C1101u1a0o

a*g .W a mow P to aa 1t Uthe C" h
.rutmang the Anc hor tiag will be lultlitILd aPVTW.
wusty to to ISL

HAULAGC CAPACITY TTAS.C

- em. oati ve AvablokIe WeWM ed Tra.tiW tLw to Tm
tud Draw mm Pofte CT .g?* - tiS -

Wei~oa PU W 1*e 0 1 3 1 4 1S 4
ha o line E ults. MOL"I Wi IC &a. pe N ~a ljtossbaftwo W s

4 l0o0 100 46 i 22 I1 3S it
O 30= ISO 72 44 33 IS to to
* 4403 2e0 A 44 34 27 23

30 Sam0 206 120 nT S 42 23 27
1s n40 M 16 100 72 IS 43 *3
is 1100 311 III lts A3 63 so 40
20 leoom S0o 240 151 Ito 64 4t 14
21 13000 III 211 200 3 10l 6? 7t
30 1O50 1o0 360 230' Its 121 too a1
40 21l 0 " 0 1-tot I 14- 1 9im

- 13 per too roisee tsu _On ears
4 20 4I IS. 26 - 0 is -12 10
6 2 10o is 40 23 23 to is
a 40010 134 I'T St IS 31 23 20

to 100 117 so U 45 3 21 21
13 6O0 21? 123 AS 64 14 40 33

is 1300 25J s44 t2 73 ST 44 3

20 1000 334 *32 13* Is 15 63 It26 130061 434 250 171 III to 5 61
30 1500 see0 25 1 147 is4 52 I t

u 1316AWMANSIftATZ.r Pao
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goodman
GOODMAN ELECTRIC LOCOMOTVE

FOR COAL MINING, METAL MINING AND TUNNELING

COAL MINING WMrr m frte

Wm o ilem 154
T.E 25£4H..s 2.5X0 5.000 M.00 5.XI

96 i2n in
Nulbetfwof s 2 2 2
1 He HP Ean tb 1 25 41 50
TE at I Mc HP. Ms. 1.450 3.080 4.90 5.300
Sow nt IHe HP. Wlir T 7 6 0 5.1 7.0

hbfwfn, Gte. fKwacm 42 36 42 36
nCwrvCww Psus ItL it 35 36 46
w es wiats w n9 90 100
Mio Wmanna wctws 1i 26 26 30
tnowr COWL M. 32 32 29 38
0of-Waidm f.v41S 654 70 64 75
l8wcY nI. t60 im 23t 256

__ bW __- U_ _ . " _

CDMXmr=. &rMnflWfl0Y

7513 17-31

5.000 7.5s
250 25

2 2
30 so

3,450 6.300
5.4 5.8
30 35
IS 46
39 100
26 30
32 38
70 25

W255

N 7w1 1 t 1t_3 114 15t # 21 b 22S b
_" ?U 1101 TM t " 21ot 21M2M

T.E. at 23% AOH£.. ib. 4'Uw S.50 5.500 S.S00 75 7.500.10.000 10 2.500
vtS 250 250 250 2SO 250 2S0a0 250
Numftf0 1 Mom 2 2 2 2 2 2 2
t Hc WMoE r 30 41 50 60 65 1O0 170
TE. at I He HP. 1. 3.450 4.300 6.300 L.o 7?.50 7.510 11.40
SoR x 1I4 HeP. W9 64 56 5.6 7.5 5.9 3.7 '0.5
nsoam mxq MM 36 42 36 42 42 36 42

m CureRaLR. 31 38 31 34 6 44 55
W73 9_0 U4 4 90 100 li0
Wlh" IXKm rs 26 26 30 26 26 30 36
Hlm qr Com in. 32 29 36 21 29 42 4
O5 W . Ws 64 4 6Z or 6 74 4 orT 67 or 71
Levt wv Covos on. 223 23f I67 221 23t 261 2t2

'. =. ,i - s, W _

TUNNELING -iimWU
0"rtlWd 2_M 44 - 64_ 94w 14,b n_ *54 2Nw 3&t 5

N" in- T nmc 1 7150 M 154 an m 231
tE. at 25% A34. f. t.00 2.000 3.000 4.C00 S.000 7= T7500 l0o. t5.0X lS.S
vft" 46 80 *0 s0 s0 240 121 240 213 240
Hun of lbt I 1 I 2 2 2 2 2 2 2
1 H MP w 't 5.5 14 20 20 is 40 50 75 125... 125...
TE. a 1 HkePs. *n475 1.160 1,300 2.60 2.740 4.810 5.M0 5.000 14.000 10.350
Saoidt t IH WM. MPH 3.7 4.0 4.9 4.9 5.1 6.0 7.0 69 6.6 J.5

IS Gis 1s 24 24 33 36 36 36
UNimu 1 A t 7 9 14 14 22 2S 21 31 47 A
Whnb i 24 30 37.5 37.5 S5 60 60 66 tO0 t00
WhOd jianM W& 14 16 21 21 26 M0 30 33 32 30
H lt Ow h. 44 43 55 SS 52 0 13 66 55 64
03 w . " 33lo43 43 41 o S53 41*t 53 42 or 57 4S o 60 9 64 I5 is
Lero uo Coucvs in. 71 122 I" 144 .153 175 17 lie 261 261

iS _--W
0 -OWW0 d MM -t t" ~I O

U w v& i J *S
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MINIMUM RADIUS OF CURVE.

For Coovation of Locomotives KM ith6vw Viol pDontors AoM ftol4besu.
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LOCOUOT[VC GENERAL DATA

AIR BRAKES AND AIR SANDERS
ALr braking systems may be divided il.A two types. straight Sst7em am too, Itn mine the crs an *Usually o't;pid
and automatic. A etralgit air brke system is ose which with brans therefore. tLe gasm caly aPd18es to ths lowe-
aPplee the brakes by letttiL ati tan the system. AA auto- maotiv, ItselU. owver. this system does hane dlC-
Isatic air rake "etam is one which appitas the brakes by s4vantge, &id tht is, should term be a break or leak In
lcettntair euto( the sytemuael Ms the adantage Umtbai dd Me Ulite the brakie wausd IfaL Au a Welety meae. Ii
the air hoe breaker leak th brakes will be set zswoatictaliy locomotives ~tppl with this syotm ae aiso eqilipped
aid doap the train with staidurd had brakes.

The etratght air brake system is Lbs one geserally used on in this sectio. oll the strightaitr brake system to covered.
Mile locomotives. The reason boiagL that it o a very Dtmple as It to the systoe ot widily used oa mis locomotives.

BRAKE AM SAZTY
GOVERNOR AIR GAUGE CTLZER COMPRESOR VALVE

. _. ___- _-

SWIR ZICAOE SANDERt
TYPICAL AIM SMAAKC AND AIR SANDING SYSTEM

Eqebpment used:

1. Aa Iependeat motor dritse aIr eompreseor.
2. A goverisr.
3. One or two brake cylinders dep-ing an the desige.
4. One or two atr Uo dpetimiltao tLh mIxe of locomo-

tive and type of service.
5. A brake or throitle valve.
*. AA air etratner.
7. Asafetyvalve.
S. As air gange.
J. A connecting witch.

11C. Piping aid wiring.

Fumctton of the quiomesat

1. The llepest t motor driven air compressor serves
to Itep presorre t the air taak. The compreeaorls
made In two ostes, 10 rc. IL psr ail,. aMi 15 cut.I
per mis. The aizl depnds on the total air devices
aond (which might Cotat of ar rahdohs air whiatle,
or any other mechrnsm other thaa She air brakes
which wasld be operated by afr) also ths size of dte
locomotive, gradel. weight of tralms etc.

2. The govewrnr coutrols eI. amnt of air that the Com.
pressor smppiles to the tae. Tse operaliag presware
s ordinarily setat aot 9 ib. The gvernr cut in

Ad starts the motor which drtvs the air compressor
at about *0 iba. and stops the molar at " tbe. The
gromor to adjcnuble for average presenro.

3. Tbe perpose od the brakt cylider IJ to conere air
preesure teft mechaical clrgy whtch is applied
against the brake lttage. In some htoulihtlons onei
cylinder It used. in which Mse this cue cylnder oe.
*rates the entire Ia. Ia other toltatliono two
cyliera tiare used, oo operates the brake take as

uch oe t the locoumoie.

4. Tbs air,. nder presmure. to held In air take. Ote or
two tas are used depet Ing wa the amoun at air re.
quired and tbe design of the locomotive.

S. The control ot the brakes ie thraogh a control or
throtte valve. ThIs valve Is so costructed that the
amount ot air let Wo the qstem may be varied, than
*nsaliag the brakintt prssurv to be adunsted to sit
r tirfeMeatL Where nwe locomotives operate La
permanent tamdcm a control valve Is located an Me
primary locomotive oly, which operates the brakes om
both locOmlsTiL

Two locomotives is beptcrale tandemt may be arralged
so that there Is a centrel valve oo each locomotive. In
this case the valve es eac locomotIve will operac theo
brake on that particssr locomotive when the locome_.
ties are Operated sparately. When 0perated lt1rdel ft
the centrol valve an the primary locotiveet controls
te brake syte4 for bota loco4ottecc

6. The air atrainer clceas the air before it goes tow to
compressar.

Supersedes Sction 4067-8. paes# I & 2 dated AWNt IOj

t; twS64k%?TX&S1LPrAyTrvAe2 itnvi



ATTACHMENT XII
Title: Preliminary Waste Package DI: BCA000000-0177-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: XI-2.Sof XA- -co

SECTION 5

SERAPID USA INC., RIGID CHAIN ENGINEERING, SPECIFICATION SHEET

U E"WMANS RFtATY.L * AwnU



ATTACBMENT XII
Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: XHI-?Cof Ia.So

GSPECIFICATION SHEET

I GENERAL

Sa~~leSfp. e4* .aa of* mo~ .SINAPIQ ogl 4A goo 11.
to eleii Sto 04"~W4" Spoif4 5~ WI 0"ae. 4*S0

M.*a O,- 9lo- wwm86o"OO

The .p so me C... -"...f.eq VW4 me oqve e-g W"m SI,

Nemo.. GP usal" ThEI CNMA

S... 4 4~ ip." eap. . mt U6e .4 W U.0 leI 5Sw -"
45-Sp..W le ,46" "g .4.d -US of~i f lWifif vPS of

-f.me wt-

Amm0 StwaI s-a me .. m .4 M" 5504. %W" ,.d..
W4 IS .Dome-~ef~ 4.

--654*la"5454500mv - Plsewti, me , i a0 *u~ Semo n

fm m..a " We..m" " W4 pifq.Nd

.Wm. WS4 " e"ee.4 1o Its. 94.44 . tWMofV

me- 4SAAO *.%" .... ,

MOVEMENT OF A LOAD

Noa m~e a 6-m B. fte e~we~e awtbd .49 114 W-U' s(?d 4...
*PSS49tS.4 9 M I"W-%a go. -ag 65144 ama a~qne S feIM,

POOL

1%.. iAft es.# . -4 5.e - IP 'Gwe. .44 llem oPfeW. 4-

e.' 3-1- 6-on c44-..4 " 90 ."%..- edPo... of pt ot

t- ma Is p. do0 ese 300 -b.S me.. .ee. be Sea.0dS

The .wpinoma mfe V"*soww .4 ceed deem me p.4
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GUIDES for rigid pushing chains with rollers SPECIFICATION SHEET
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SERAPID
USA, kv-

Rigid Ch in Engineening

MOST FREQUENTLY ASKED QUESTIONS ON SERAPID CHAIN

Please describe the chain:
There are two main components in a Scrapid Rigid chain sytem:
-The chain itself.
- The drive housing.
The chain is composed or.
- Side plates whieh are fine blanked for precision tolerance. The side plates interlock with

each other and have mating virfacts which are flat, and which provide the push font.
These mating surfaces are called heel.

- Shaft pins. and various rollers which are CNC machined. heat treated, then ground.
The drive housing is composed ofr
- A drive shart on sealed bearing%
- Drive sprockets, I tn 6 depending on chain size,
- Reaction plates made out orhigh grade steel. preision machineel,
-Cast hotusing pair forassembly of the above.

How does it work ?
Imagine holding a bar of steel in your hand. That is how the Serapid chain reels 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 lociting
moment that locks the links together.
Now pick up the free end and roll it back. It coils like a conventional chain. This is what
happens through the drive housing. The chain is coiled 90 degrees or 130 degrees to store it
out of the way.
As thc chain pushes, it tends to walk away from the sprockeL Tlbis is why the chain is
contained by steel reaction plates inside the drive housing. The reaction plates are
designed to take up the reaction to the pushing Force.

What are the two holes in the front link for ?
A pin is imstalled in each hole to attach the front of the chain to the load.
The pin which is in line with the rest or the chain pins is uwsed ror pulling the load.
The other pin, which is in line with the chain hec, is used rnr pushing.

SERAPID
USA. Inc.
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SERAPID
USA, Ic.

Rigid Chain Engineering

The purpose or the piLthing pin is In ensure that the chain locklt up during pu.hing, hry
ensuring that the reaction from the Inail comes lack along the chain heel<.

Does it need a guide ?
No. The chain ii designed to operate without a guide. as long as the load lock% utp the chain.
The chain i% designedl to txcert a force alfng its heels when pitshing. and along its pins
when pulling. No %ide ln.,al on the chain is allowed.
A guide is only requirced ir:
- The chain may be subject to sidc or exccnlric loans.
- The lead is not centered on the chain. or is dilficult to locate,
- The reaction r.e from the lInad (when pushing) is not along the chain heel.
- The travel is too long in relation In chain size. For exemple, for 10 feet or travel. using a
guide may allow the use ora 40 pitch chain, whereas without a guide.a 60 pitch woull he
required.
Note: tuides when used lo not have to run the length or the stroke. For exemple. for I S
reet of tratel. 3 feet only cnildl he guided at the begining of the stroke, or 5 sections of I
rnit long guides cnulil lie itsed at rendom along the stroke. etc.

low much can it push ?
1 daN - 2.2 lbs.
Nominal Push/pull forces range from 110 lIs for the size 25 (plattic) chain, to 0..O0 Ilii lor
the 90J chain.
The smalleststeel chain is the size 41P'S. with a nominal puwh/pull fore or iso Iin.
What is meant by nominal is:
* 0" oftroke,

*Iain suppnrterl.
' (Lain unguiled,

No Nhocks.
* Low speed (up to 10 feet/minute).

Intermittent duty.
* Horizontal translation.
Iongers.trnks. higher speeds. shcks present. heavy use. etc. all reduce the nominal
ratings.
All alinve rating parameters accumulate.
Please call the factory for application engineering asistance.

SERAPID
Usk Inc_
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SERAPID
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Rigid Chain Enginering

Some rules ot thumb:
When the chain it guided. nominal capacity remains regardless arstroke.
In lifting applications, cut nominal capacity in half.
When the stroke i doubled. cut the chain capacity in half
When the chain is unguided and unsuppoted. cut the capacity by a third.

How fast can I run this chain ?
There is no actual limit to the speed or the chain.
But like any mechanical sys1em. speed means lrster wear.
Some precautions can be taken to improve the wearability ot the chain and components in
high speed application.s like ramping the speed up and down to avoid shocks.
Please consult factory ror application engineering assiance.

How do I loop this chain for storage ?
Please look at the finrt page or our sperification sheets. Shown are typical storage
configurations orchainretunq.
Simply, the chain must be stored where space is available.
The most common chain returns are # 25, and L All these chain returns have a single loop
storage. and are rree. ney offer the advantage of reduced storage spce. and yet do not
require a guiled storage magaine. The end orthe chain is simply attuched back to the
drive housing, and the chain selfsupports itself.
Please see page 12 of ourspec. sheets for dimensions.
Itthe space available is still too small. then a multiple loop storage magazine is required.

Does the chain need lubrication ?
11cuaJly not An occasional oil spray helps keep the chain dean and free from rust
In high speed and/or high cydes applications it may be necesary to lubricate ror heat
dissipation and reducingfriction between rnfling/sliding components.

How do I select a chain.?
Tne main parameters orchain selection are:
- What is the force required to move your load.
- How rar you wanl to move it.
-How rta you want to move it

SERAPID
USA. hc.
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SERAPID
USA. Inc.

Rigid Chain Engineenng

Plcae check other racton involved in determining actual push fame, a sthown in "how
much can it pusw" paragraph.
Please fill nut our application questionnaire, or call the factory. Our Application
Engineering Dept is al way available to asit you.
Following above 'rules of thumb" will also worA, lit please verify yourmselection with our
Application Engineering Dept.

What torque do I need ?
Once the thrust (push/pull) rorc is determined, and the chin selected.
torque is (iJsh): force (Ibs) sprocket pitch (in.): *i (drive efciencyq)
In roiling load applications, plezte remember to include arleration and deel. loads

How do I calculate Serapid shaft speed (RPM) ?
Translation speed (feet/mn) x 60: pitch perimeter (eetl) = Shaft RPM.
Pitch perimeters
Size23chkan:i:73 feeL
Size 40 chain: O.1treetL
.Size 60 chain: 12.6 reet.
Size 90 chain: 1154 rccL

What motor horsepower do I need ?
HP at the Sefrapid drive saft = Torque (in-lhs)x Serapid .isftspeed (RPM):63000.
To obtain input HP, the above figure must be devided by reducer/motor efficiency.

SERAPID
USA. I,
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Service Factors
Using AGMA Criteria

SEW-Eurodnv gearunlts may be servic faboo d using Criteri
set Iord in the vanous AGUA Stadrds.

For a) Paralel helical (Models R and FA) gearmotors
b) Rigrt angle halical.Oevel (Model K) ganmotoes

AAA wss s4ec daisos I, .andIll. wid are based on:

Class I: Steady loads not exceeding normal ratng and
8.10 hours ining bSne pw day.
Service Fastor 1.0 finimum

Class 11: a. Steady ads not excedog nonal raig nd
24 hom running tnew e day.

b. Moderate shock loads, not exceeding 1.25 3
Rated Load Tomu runnmng 8-10 hour pe
day.

Service Faor 1.4 minninm

Classill: a. Moderate shock loads. 1.25 a Rad Load
Torque and 24 hours running; We per day.

b. Heavy shock loads. exceeding 1.25 a Rated
Load Torque and 1. n 0 hourn untning Wme per
day.

Service Facor 2.0 mxnmurn

Referince AGMA Standard SOIS-E59 for Service Class isdngs
ty avplicabt.on

For a) Paraflel heal(Mode4 R and FA) neduces
e) Rigrh angle helical-bevel (Model K) redcenr
c C) Right angle helcal worm (Uodal S) reducens

and geamotors

AGMA uses se4oe for for ebetnc mots. turbines. and
hydraulic motors aslisted by the hart below.

In the chart the reducer loading may be cdssified as folbows

(1) Uniform Load. Reewrem shock loads do not exceed Ite
nominal speaied input or prime mover power.

(2) Moderate Shock Load. Recurr sndat l ods 0o not
exceed 125 * mte nornal sa'eofed input or prime
move, power.

(3) Hea Shock Lead. Rearent shock lads do not ex-
coed 150 " the nominal xecfied imput or prIme mover
power.

(4) Extet Shock Laid. Recurrent shock loads do not
exceed 1.75 a me nominal speofed nout or ptrnw
movte power.

NOTE.- The magnitude of any recurrent shock loads should be
esxratuad or deternined hrwugh test by tme system designer.
Recurrent shock lods can be of such a short duration mat they
may not be refleced in nmoor amDerage readings. In thes. cases
actual loads are usually determined by stin gaging the driven
shaft of the maochns.

eS 943 USA

Duration of Service Uniform Moderate Heavy Earmu
(Hounp er C e) Load Shock Shock Shock

Occaslonar alhour - - 1.00 1.25
Lesstawn3houhr 1.00 1.00 125 1.50
3.10hours 1.00 1.25 1 .50 1.75
Over IO hours 1.25 1.50 1.75 2.00

When the prtnr mover Is a single or mnulticylinder engine. the
service factors must be moddied by the folwin:

Steam an Ge Single Iklnqb
Turbine. Hydnule Cylbder Cylinder

or Electic Mow Engines Erngine

1.00 1.50 125
1.25 1.75 1.50
1.50 2.00 1.75
1.75 2.25 2.00
2.00 2.50 2.25
225 2.75 2.50
2.50 3.00 2.75
2.75 3.25 3.00
3.00 3.50 325

Strwn coriditions where peak loads exceed 200% of rated load
and apoications with frequent stas and stops requirn spedal
bad ana.

Seoe Factor lisdngs by appicaton may be found in

AGUA 5010-E88 or Models R. FA and K reduce
AGMA 6034.A7 lor Model S reducers and gearmotors

7

U biwWrnAX1 &FMAY'rx. I ion3



ATTACHMENT XU
Title: Preliminazy Waste Package DI: BCA0OOOO-0i717-0200-00012 REV 00

Transport and Emplacement Equipment Design Page: X11-30of XI-rO

Helical-Bevel Gearmotors (

0 yguvoima speed Sowic TORVu, OHL Robe4me~lo

P. no F To PS * e e
HP nm lbJR b ow ho K XF KA KH KAp

5.0 77 2.0 4090 2 21.71 KT D100L4 245 257 257 280
Go 1.7 4o 4290 2&3 K76 0T100L4 243 257 2sr 280
61 Us 3160 t290 27.t6 K75 0T10014 245 27267 260
54 1.4 5u0 1270 3120 K71 OT1OOL4 245 257 267 250
47 1.2 6700 1240 35.51 K78 OT10OL4 245 257 267 230

47 2.4 600 40 35. KU DT100L4 246 251 2U6 281
42 2. 700 470 3294 KU OT100L4 248 2tJ 283 2t1
41 I. 7810 1200 41.4l K7M 0T100L4 243 257 27 2*
37 1 6510 47n A7 KUI 1Tt0014 246 253 298 2S1
31 2. 1080 70 543 KM DT01D04 248 251 2U 2t2

30 1.5 t0500 472 5555 KU 0T10014 246 21 2U1 231
27 2.3 1700 6070 2.1 KI6 DT100L4 24t 253 21 262
25 1.3 1200 4m 65.0 KU DT000L4 246 25 2U 281
23 1.2 13700 4720 7426 KUS DT10014 246 251 268 23
23 2.0 1370 607 74.6 KU 0T100L4 246 251 263 262

20 to I5s=0 4720 15 KM 011 004 246 256 261 2t1
19 1.8 1600 g070 37.55 KOO D100L4 246 25 261 232
17 1.5 15 70 96.00 K9 01T10 0142 259 26 232
16 2.7 I9700 toSO 104.11 K1IN DTIOL4 246 252 239 232
15 1.3 21000 6070 111.3 K9U 0T10O14 246 259 2M 2

13 1.1 24200 070 125.I KI9 DT100L4 246 259 281 282
13 2.2 240 10600 130.16 K10 010014 248 2ss 2 232
13 2.2 2400 100 11.71 K1IN 0V132U6 24 259 2" 2t2
12 21 23100 10600 140 K106R2 DTS00L4 251 283 274
1 1.t 260 low 160 0. K10 DY132M 246 251 269 232

10. 1. 28600 10600 lt K106R82 DT11004 251 23 274
9.0 1.7 31700 106oo 164 K10GRU2 DT10014 251 283 274
7.5 .4 36200 060 226 K106R82 DT10O04 251 263 274
6.0 1.1 4700 1060 237 K106R&2 DT100L4 251 263 274
e.0 1.9 470 150 2m2 K12tRt2 D010014 252 264 m

5.5 2.3 51700 2020 2 K15MRUM D0100L4 253 265 273
4.5 t.4 630 15400 3u K126R82 OT100L4 252 264 2m
4.5t .2 60 20200 37 K1R9 0t0L4 2s323 27
4.0 1i. 72100 154W0 A K12r72 DT100a4 252 264 2
4.0 1.3 7100 15400 42s K126R82 0T10014 252 264 27

3.5 1.9 75100 20200 444 K156R92 DT10014 25326 273
3.2 1.0 9 15400 524 K12CR72 0 1004 2S2 26 27
3.1 1. l2#0 200 s K156R92 D"10014 2S3 25 273
3.0 24 941 27000 sss K1RM DT10014 254 277
2.4 2 11550 20200 6n K154R92 DT100L4 253 25 278

2.2 1.7 12170 2700 n5 K1RI 0T10014 254 27
2.0 1.0 142200 20200 1 K1S92 DT011004 253 26s 278
i 1A.4 1ts00 270 I21 K168R92 0710014 254 2

1.6 2 177300 3J700 l106 KISR92 Dr00L4 25 m
1t5 12 1I0600 270 11 K16RM2 01O0L4 254 27

ES Modem 4i - 15 " RRbV MOM. Stb r ~ F... (eg. K CM CA); "h MM...C..A.... Ca tar
aMWiA (e.g. KA C OtCA); SWVFb MwM oW an F (e.g. KAM e< cM Chmeto P26 Ft

0*0" Wft enIJ SwK w .KF o tUo WweM two~.dox3 P=k w
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Helical-Bevel Gearmotors

Foot Mounted

I Os

"V7U

OUTPUT
SmAT M fI

Model A a DA D DO E EA F FA G H J K 9A

KS 10.24 9.DS S.S1 83s .d, .eo 7.0S 9,45 7,09 2.17 1215 OJ7 3.15 2.17 1133t
K9520 s 212 , 2z.4 180 240 110 ss 32 22 so ss 33

12." 13.42 6.488 O. 53 2.11 9.45 25.46 4.4 2 2 0 .15 1.02 3.94 2.-6 I6X

2330 290 171 11S d 2 :3 240 261 24o 75 3v asu o D
19 5.31 163 OM 12A0 I.7 11.02 13.20 10. 3.51 1OS 1.30 * .33 3.-4 19.45

K 6.8 39 0 212 318 . 5. 280 347 27. 95 .2 3I * 1 at *4e

Gearca1se Sut Sh10t In70 S~9lO i 2Wf3z11e0Sr
UOdJI Pal O 08 WJ U UY V VO Key U

ICS 432 13.s4 4.eJ 4.53 2375 , 2es 4.n2 0.71 ^.Si -3V4
1 su 124 11s 40 oil 6` 120 la JJso0 Dtw.

KOOS S S1 16.eg 6.02 S.71 2w75 'dam 3J20 s.sl 0.S7 Y*Y*3t12
*St 429 ,5 3 145 7D:C 74.5 140 15 20,12. 110 D.%Yt0^

. _0

K1D 6 e9 20.12 74e 6.69 3.t9s . CM *.ot 6.ss f.03 *t . Zt . 4$st Z4I3
0s 175 511 190 170 90 :61 95 1.20 13 JII#X O.14 A 14

Motor

Mdel *oso
1*U 10t2 OirnslonsMode so 90 100 112U 1225 13211 132143 16CM 1IBOL INO 200 2253eti

A 5.43 6.73 6.9
135 171 175

740 7.40 9.21 921 9.21 10.75 10.75 12.01 12.17
188 18 234 234 234 m m 3M5 309

La 2.52 3.35 3.5
64 Os es

3.15 .15 *41 *41 441 5.14 6.1 6Su 6.1'
so so 112 112 112 154 134 135 156

Dimension AB is to MO*
tor conduit box

Dimension LB is hr
Drte 0tton

Eyeboats am romensv&

p 5.71 7.78 7.78
14S 117 197

8.70 8.70 10.33 10.e3 10.53 13.3 13.03 15.51 15.51
221 221 273 27 273 331 331 394 394

KO C 23.31 24.06 26.02 27.32 29.09 29.96 32.32 32.32 34.17 - - -
592 611 661 e694 739 751 21 821 668 - - -

K96 C - 26.77 26.71 30.08 3115 32.72 35.08 35.08 36.93 39.76 - -
- S0 731 764 *09 531 591 591 938 1010 - -

K10N c - - 31.73 33.07 341.4 35.71 38.07 31.07 39.12 42.75 44.s5 47.87
- - E06 840 U5 907 967 967 1014 106 1134 121S

a

CS M USA 246 Dew s s et rto dwa9. vw0 r I
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Mounting Positions
Helical-Bevel Gear Units

Foot Mounted
: __

_- O I
* abmfq

I... I
93 BWPr VS,

£for

96 a96 |z' *V6' .
IFI--
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Helical-Bevel Gear Unetse
all gmw/E Weights ,-.

Litetd beloaer weighu bar cenplel uft~ baa ei. Rediw we e£.n h Vie Ow Unilt dIart ad cembined rlt
niw *ihts arfe amwn in ins Grec &ma For lrgd and* hollow N&uwS as weE as Oeamml add tie flange an*
hojshft weigM awn hi V Ce Unit cial (3 nogae va us be ma). For bakeom w det abake w"
at Ie Vbo~ol of te Geamotm eat

No: COi weighs a IiTte 7.5 balion (2 IWilr. R nceLUbzion hefarvoilrw~ed. AlP weigtsSnL h

G Unit

Model
KAG
Ku

KMFW2

KNA4R

K71

K75R42
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