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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: 

1. 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 treated as Q items. The activity for performing 
this work has been evaluated in accordance with QAP-2-0, Control of Activities, and has been found 
to be subject to the requirements of the Quality Assurance Requirements and Description (QARD), 
(Reference 5.2). 

Much of the input data used in the formation of this 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-3-15. 

3. METHOD 

This Design Analysis is a refinement of previous work (Ref. 5.5) which was performed to select a 
system design from various alternatives for handling WPs. This analysis uses that basic information 
to develop more precise technical data for the design andlor 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. 
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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-III 
computer software was used to perform the stress analysis for the Gantry structural frame. 
STAAD-111 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-III computer 
software was used to perform the stress analysis for the Transporter structural frame. 
STAAD-III facilities for steel design are based on the AISC-ASD code (4.4.1). 

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

8. To 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. 
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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 &meter to be handled (Ref. 5.12) 

wp TW Diameter .Length WP Loaded Mass 
(mm) (mm) Org) 

12 PWR UCF 1298 5335 32,236 
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Notes: 
1. Dimensions for additional WPs to be considered are shown under Assumptions (Ref. 

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

3.7.1.J. 1). 

4.1.7 The 1.28 rn 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 3  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 3.7.4.1A.4). 

4.2.2 Cranes and similar handling equipment shall be capable of meeting the requirements 
specified by DOE Order 6430. IA, 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 3.2.1.2.1.1C was 
used -because it is site specific- until specific repository environments are identified. 
(Used in Attachment I). 

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 confirmation as the design proceeds. Other design assumptions either from previous work 
or generated specifically for this analysis shall be verified and any deviations shall be addressed in 
Section 8. 

4.3.1 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 01 1 (Ref. 5.1, pg. 3-22): WPs will be emplaced in-drift in a horizontal mode. 
(Used in Attachment V) 
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43.2 b. Key 066 ( ~ e f .  5.1, pg. 3-55): WPs will be placed center-in-drift, on pedestals, using 
Gantry emplacement. (Used in Attachment V) 

4.33 Key 013 (Ref. 5.1, pg. 3-23): No human entry is planned in emplacement drifts while WPs 
are present. The waste ernplacement/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 03 1 (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 m are: 
Either WPs need to be reevaluated 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 driftdservice mains has been assumed to be 300 mm (Ref. 
5.51). 

43.8 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). 
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' 4.3.9 Emplacement Drift Temperatures 

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

Maximum allowable air temperature in emplacement dnfts 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: 35 "C - unventilated 
Ramps: 35 "C - unventilated 

50°C Mains: 
Emplacement Drifts: 200°C 

Temporary increases in these temperatures are allowed during initial cooling of 
emplacement drifts for maintenance, performance confurnation, retrieval, and backfilling 
(Used jn Attachment 11, Section 2.0). 

4.3.10 Not Used 

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

A. Outer Diameter: 1970 mm (Ref. 5.1, pg. 8-6, DCWP 005) 
B. Outer Length: 5850 mm (Ref. 5.1, pg. 4-21, EBDRD 3.7.1.J.l) 
C. Loaded Mass: 69,000 kg (Ref. 5.1, pg. 4-22, EBDRD 3.7.1 .J.2) 

Notes: 
1. A rounded up value of 2.0 meters has been used as the maximum Outer Diameter of the 

WP to determine clearances in this analysis (Used throughout this analysis). 
2. The Outer Length has been changed to 5.900 m, (Ref. 5.8, pg. 4-21, EBDRD 3.7.1.J.1). 
3. The Loaded Mass has been changed to 70,000 kg, (Ref. 5.8, pg. 4-22, EBDRD 

3.7.1 .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 I, II, V, and IV) 

4.3.13 Rail turnouts that connect each EmpIacement Drift with the Main Drifts shall have a radius 
of 20.0 m when measured from the centerline of a drift (Ref. 5.51,4.3.23). (Used in 
Attachments IJI 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 
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of 0.8 allows for the WP emplacement operation (Ref. 5.44) (Used in Figures 7.9.2 thru 
7.3.5 and Section 8.4.2). 

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

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

4.3.17 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 rnm (Ref. 
5.6, Volume III, Appendix B). (Used in Attachment II and V) 

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

Material Thickness 

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 rnremlhr. ?he axial shielding dimensions are derived 
from the radial shielding thickness by increasing the carbon steel thickness by 25.4 mm to account for the 
increased gamma radiation field from the fuel assembly end fitting sources, and by decreasing the reduced 

4.3.19 The Gantry rail size will be 44.6 kg/m (90 lblyd) ASCE rail. This assumption is a 
conclusion from a previous analysis (Ref. 5.6, Appendix E). (Used in Attachments 11 and 
v) P V )  

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) 
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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 (56% 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 II, Figure 14, pg. 11-42). (Used in Sections 
7.4 and 7.9, Attachments I1 and V) 

4.3.24 The Transporter and Gantry Carrier rail will be a 57 kgfm (1 15 1Wyd) AREA rail (Ref: 5.6, 
Appendix E). (Used in Attachments III 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 lblyd) ASCE rail from a preceding design report (Ref. 5.6, Appendix E). . 

(Used in Attachment IV) (TBV) 

4.3.26 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 kmlhr (5 mph) is from a previous design 
report (Ref. 5.6, pg. E4).  (Used in Attachment VII) (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 VD) (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) (TBV) 

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

43.31 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 
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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) 

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

43.33 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) 

43.34 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: Cany-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). 

4.335 Administrative operator controls will be in place to limit radiation exposure to workers 
from the time the W P  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 MO 16-89 . 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 Dl.1-94 Structural Welding Code - Steel, Thirteenth Edition 
AWS D14.1 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 
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4.45 ~ r & e  Manufacturers Association of America Inc (CMAA) 

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

4.4.6 American Railroad Engineering Association ( W A )  

Manual for Railway Engineering, 1994 

4.4.1 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 (M) 

Manual of Standards and Recommended Practices, Section C-Part II, Specifications for 
Design, Fabrication, and Construction of Freight Cars, M-1001, Volume I Standard, Issue 
of 1988. 
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Lehigh University, Fritz Engineering Laboratory, Static and Friction Testing of Standard 
Hilrnan Rollers, Frank E. Stokes, 5/23/95. 

CRWMS M&O, Repository Subsurface Layout Configuration Analysis, DI:BCA000000- 
0 1 7 1 7-0200-00008, REV. 00. 

CRWMS M&O, ~m~lacernen t D@A& ~ont ro l  system, DI:DCA000000-0 17 17-0200-00005 
REV. 00. 

STAAD-III Analysis portion of Attachment I, Waste Package Transporter Structural 
Analysis, in electronic media fonn. 

5.54 STAAD-III Analysis portion of Attachment 11, Waste Package Transporter Structural 
Analysis, in electronic media form. 

6. USE OF COMPUTER SOFI'WARE 

6.1 Computer hardware used for this analysis was a Compaq 5 120, 120 MHZ Pentium. 

6.2 STAAD-111, Release 22W, Revision 22.OW 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 11. 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 Canier, and DC power system. 
The emplacement system consisting of Emplacement Gantry, Gantry rails, and DC power 
system. 
Emplacement Drift Isolation Doors and Transfer Dock. 

Functions of the rail transport system are: 

To receive WPs from the WHB. 
To safely transport WPs to the underground Emplacement Drifts. 
To provide shielding for workers who must perform duties around the WP Transporter. 
To deliver WPs to the Emplacement Drift Transfer Dock. 
To transport the Emplacement Gantry from the Gantry storage to the underground 
Emplacement Drifts, from drift to drift, and back to storage. 

Functions of the emplacement system are: 

To receive W s  from the transport system at the ~m~lacement  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 
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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 Camer is similar to a railroad flat car equipped with rails for 
supporting the Gantry. An electrified third rail system is provided to supply power for 
the loading and unloading operation of the Gantry. 
DC Overhead Power System - Provides DC power to the Locomotive through an 
overhead pantograph system. This system is covered in a separate analysis (Ref. 5.40). 

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

Gantry - Provides the means for lifting, transporting and placing WPs in the 
Emplacement Drifts (Ref. 4.3.35). 
Gantry Rails - Provide support and guidance for the Gantry in the Emplacement Drift and 
the electrical ground for the DC power system. 
DC Third Rail Power System - Provides DC power to the Gantry. This system is covered 
in a separate analysis (Ref. 5.40). 
WP Transporter Unloader System Guides in Emplacement Drift - Provides for extending 
the travel of the Rail Car unloader into the ~ m ~ l & m e n t  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 sespective 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. 
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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 WHB. The Reusable Rail Car is then loaded into a WP Transporter (the 
transporter) and the transporter doors are closed. At least one Transport Locomotive (the 
locomotive) is always ~0Mected 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 additionai, or secondary locomotive is then coupled to the rear of t,he 
transporter. The secondary locomotive, connected in the rear of the transporter, is a requirement for 
movement of the transporter from the WHB to the access drifts (Section 4.3.28). During WP 
transport through the North Ramp and the Mains, where gradients are both positive and negative, 
two locomotives will be coupled to the transporter. One locomotive will be in the front (the primary 
locomotive) and one in the back of the transporter (the secondary locomotive), facing the shielded 
doors of the transporter. The dual locomotive arrangement has the advantage that in either travel 
direction on an incline (upward or downward) there will always be one locomotive ahead of the 
transporter, this arrangement may prevent a potential run-away situation for the transporter. The 
train travels to the repository via the North Ramp into either the East or West Main Dnft, depending 
on the location selected for WP disposal. Which of the two locomotives (primary or secondary) will 
lead the train down the North Ramp depends on the selection in which emplacement drift WP 
unloading and emplacement will take place. The locomotive operators control the train from the 
locomotive that leads the train down and back up the North Ramp. 

The train proceeds past the turnout area adjacent to an active Emplacement Drift. At this point, the 
secondary locomotive at the rear of the transporter is decoupled because clearance is required at the 
rear of the Transporter for WP unloading at the Emplacement Drift Transfer Dock. The operators 
vacate the Locomotive and control is once again performed remotely. A rail switch is thrown 
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 ~ranspokr  d m  and the Emplacement Drift 
Isolation Doors are opened by remote control. The WP Transporter is then backed up to the Transfer 
Dock at the Emplacement Drift. 

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

After the Reusable Rail Car containing the WP is off-loaded into the Emplacement Drift, the rail 
mounted Gantry moves into place over it. The Gantry grips the WP at both ends and raises it. The 
Gantry then transfers the W P  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. 
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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 d 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 III - WP Transporter-Mechanical Equipment Selection 
Attachment VIII - WP TransporterIGantry 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 rnrn 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 raiIs to Emplacement Drift rails 
and provide solid connectionlrestraints. 
Load and unload the Reusable Rail Car with WP. 
Open and close shielding doors. 
Provide for manual connections on front for power, control, and air brakes to 
Locomotive. 

7.23 Transporter Subsystems 

To perform the primary functions and subfunctions as identified in Section 7.2.2, the WP Transporter 
is composed of several component systems including the shielding, underframe, undercarriage, 
couplers and connectors, brake system, door operators, Reusable Rail Car restraint, Reusable Rail 
Car unloading system, wiring, interlocks, and instrumentation. 
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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 mremk at the surface of the Transporter, whlch is compatible with the 
operations withtn 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 rnm (10.4 in.) (Section 
4.3.18). The individual thickness of the carbon steel and the borated polyethylene that make up the 
total shield thickness vary with the location of the shielding in relation to the WP. Refer to Section 
4.3.17 for the respective shielding material thicknesses in the radial or axial direction from the WP 
and the supporting rationale. The carbon steel shield faces the inside of the Transporter providing 
the gamma shielding and serving as the shielding structure. The 1.5% B-poly neutron shielding 
material is attached to the outside surface of the carbon steel. The 1.5% B-ply 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 underfrarne 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 used as a structural component of the underframe. The 
underframe is fabricated of structural steel sections and plates with welded or bolted connections. 
There are two sections of the underfrarnes, one front and one rear, which are connected and 
integrated with each other by the underside of the shielding floor. The front underfrarne includes 
the front coupler, front bolster plate, and an equipment platform for the WP Rail Car unloader. The 
rear underframe section includes the rear coupler, truck bolster plate, and the door operator drive. 
A structural analysis verifying major underframe members selection is presented in Attachment I. 

7.2.3.3 Undercarriage (Trucks and Wheels) 

The trucks provide support mobility and guides for the Transporter. They are of standard rail car 
configuration adapted to this specific application (see Attachment VJ3I 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 lbs) per Attachment III. A corresponding wheel 
selection is of 762 rnm (30 in.) diameter and a 57 kg/m (1 15 Ibiyard) AREA rail. The wheels used 
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in the bridge crane service are heat treated to a hardness of 58 RC (615 BHN) and the rails to a 320 
BHN. Refer to Attachment III for wheel selection and rail verification. 

7.2.3.4 Couplers and Connectors 

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

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

7.2.3.5 Brake System 

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

7.2.3.6 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, 
worlung 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 III for door operator speed selection. The motor gear reducer is a right 
angle helical-worm unit for flange mounting to the underside of the shield floor. Gearmotor input 
is 1750 rprn and output is 1 rpm with 268 kg-m (in-lb) of torque and requires a % 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 loadinglunloading 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 frnal 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 shieldmg on an equipment platform for repair and service. The two drives are connected 
to a common gearmotor for synchronous operation. Each of the rigid chains are drawn from the 
respective magazine through a penetration in the shielding to the drive and then driven back through 
another penetration in the shielding. Inside the shielding, the rigid chain runs in a guide installed 
on the floor where it is connected to a "pusher bar," which engages the Rail Car and moves it 
through the open doors of the Transporter and out into the Emplacement Drift. The pusher bar is 
supported off of the two Rail Car rails on equipment rollers with vertical guide rollers to maintain 
alignment. The rigid chains run in guides in the Transporter floor and continue on into the tunnel 
in the same guides installed in the tunnel floor. The pusher bar is equipped with a counterweighted 
self latching engagement hook that serves to maintain contact between the bar and the Rail Car front 
plate and draw the Rail Car back into the Transporter. The engagement hook may be released to free 
the Rail Car from the unloader if needed in the WHB (Figure 7.2.7) or for maintenance. The 
mechanism for the hook release is the subject of future analysis. 

7.23.9 Transporter and Emplacement Drift Transfer Dock Alignment and Support 

The alignment of the Rail Car tracks and the two rigid chain guides at the interface point with the 
emplacement dock is critical for the proper operation of this concept. This interface is depicted in 
Figure 7.2.8. Refer to Section 7.9 for functional requirements. The Transporter loading and 
unloading alignment and support system design is the subject of future analysis. 
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7.2.3.10 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 andlor 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 
TransferJloading 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: 

W H B  
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-III/IDS 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 

73.1 Attachment Reference 

Attachment TV - 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 rn 
long (Section 4.3.1 1). and maximum weight, 69,000 kg (Section 4.3.1 1). The Rail Car may be 
detached from the Transporter loaderlunloader system as necessary for WP loading operations in the 
WHB or for maintenance. The R d  Car is equipped with a towing eye on both ends for connection 
to a prime mover when detached from the loader/unloader. 

7.3.3 Rail Car Subsystems 

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

7.3.3.1 Underframe and WP Support Structure 

The Rail Car is fabricated from ASTM A36 structural steel plate welded per AWS Dl. 1 (Ref. 4.4.3). 
The V-shaped WP support, or cradle, is supported on a boxed structural section with provisions for 
the attachment of four axle assemblies. The length of the cradle accommodates the longest design 
WP of 5850 rnm. 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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7.33.2 WheeUAxie Assembly 

The Rail Car and W 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 rnm (14 inch) diameter single-flange ml wheels with a rated 
capacity of 13.6 MT (15 tons). The Rail Car will travel on 44.6 kg/m (90 Iblyd) 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 mrn) (Section 4.1.6), one of two sues 
of removable spacers will be placed at each end of the cradle to assure positioning and retraining the 
WP in the middle of the cradle. The spacers, if required, would be installed at the WHB with the 
WP. Locating tabs on the spacers fit into respective slots in the cradle, and position the spacers 
against each end plate. 

7.3.4 Interfaces 

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

WPs 
W H B  

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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7.4 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 erne, retrieve WPs from the Emplacement Drift by 
reversing the placement process. 

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

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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7.43.1 Gantry Frame 

An important component of the Emplacement Gantry is its structural frame. Structural failure may 
jeopardize the emplacement process. The Emplacement Gantry structure, shown in Figure 7.4.5, has 
several purposes. First, the structure must be designed to support its own weight, the WP, and the 
loads imposed during a seismic event. Secondly, the structure provides the bearing and drive support 
for the four lifting ball screw mechanisms requ~red 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. 

7.43.2 Gantry Frape 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 dnft 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 rn. 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 mrn 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 rnm - one-half diameter of WP resting on pedestals in the Emplacement Drift invert 
1000 mm - one-half diameter of the lifted WP 
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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 rnm + 1000 mm + 1000 rnm + 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 in its lowest position to 
centerline of WP on Rail Car (293 mrn + 420 mm) 
1000 mm - Radius of 2.0 m WP 
150 mm - Clearance over WP (see note to item No. 1 above) 

Lift = 713 mm + lo00 rnrn + 150 mrn = 1863 mm 
Refer to Figure 7.4.7 (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. 4.3.3 1) 
150 mm - Clearance between WP and shadow shield (see note to item No. 1 above) 

Lifting Height = 76 rnm + 2000 mm + 75 rnm + 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 mrn lifting height, is capable of lifting a 2.0 m WP over an installed 
shadow shield; However, clearance between the WP and shadow shield would be reduced to 
approximately 75 mm. Referring to Figure 7.4.8, with the current Gantry design the shadow shield 
will have to be constructed with notches in the sides to provide clearance to the tow lugs. The 
minimum side clearance shown as 45 mrn will be approximately 60 mm since the largest WP 
diameter is 1970 mm and 2000 rnm 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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7.4.33 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 rnlsec (144 Wrnin.), but will 
be controlled not to exceed 0.7 1 1 misec (140 Wmin.). Acceleration of the Gantry wdl 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 mrn 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 geamotor sizing along with verification of 
rail size are presented in Attachment V. Evaluation of air and hydraulic braking and restrainrnent 
systems for stabilizing lifting and lowering operations designed to operate in high radiation 
environments will be considered in future studies. 

7.43.4 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. 

7.4.3.5 Hoisting Frame 

The hoisting frame directly supports the WP when it is lifted by the Gantry, and it is designed so that 
WPs can be placed horizontally in the Emplacement Drift with a minimum spacing of 0.92 m 
(Reference 4.3.30). This frame is depicted in Figure 7.4.1 1 and is constructed wide enough to 
accommodate the 2.0 m diameter WP and long enough to accept the 5850 mm WP with a maximum 
clearance of 6002 mm between lifmg heads. Adjustment for the length of the WP is included in the 
hoisting frame. This is accomplished with ball screws located on the outside of the longitudinal 
support beams. The screws position the lifting head trollies at each end of the hoisting frame to 
accommodate the various WP lengths. This adjustment mechanism is depicted in Figure 7.4.12. 
The ball screws are 57 mm (2% in.) in diameter and are made in right hand and left hand 

- 
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pairs enabling the liftiog 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 mfmin. 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 comer of the hoisting frame, 
provide the vertical lift. The ball screws are supported at both ends by rigidly mounted angular 
contact bearings and are chain-driven by electric gearmotors mounted on the top cross-member of 
the Gantry. This base case drive option is shown in Figure 7.4.1 and 7.4.11. The gearmotors are 
right-angle foot-mounted units, providing an output speed of 28 rpm with a rating of 7.5 hp. The 
selected lifting ball screws have a 100 mrn diameter and a 25.4 mrn per revolution lead. A maximum 
vertical lift of 2226 mm is required to be able to lift a 2.0 meter diameter WP over another 2.0 meter 
WP. This design will allow the WP to be elevated to its maximum height in approximately 3 
minutes and, during lifting of the WP, an integral motor brake included in the traversing motors will 
ensure that movement of the Ganuy 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 wdl evaluate and refine the design of other options for supporting the 
load during traversing of the Gantry. 

7.4.3.6 Hoisting Frame Drive Options 

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

7.43.7 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 headslfixtures (Ref. 5.15). The functions of the 
lifting head trolley are to provide an adjustment for the variations in length of the WPs, to engage 
the recessed ends of the WP, and to provide a structure for lifting the WP. The trolley is carried on 
the top flange of the longitudinal beams of the hoisting frame and, as described earlier, is positioned 
by the trolley screws, which are also carried on the hoisting frame (Figure 7.4.11). Movement of the 
trolley on the top flange of the longitudinal beams is facilitated by the use of flat rollers. The trolley 
is secured to the hoisting frame by sliding plates welded or bolted to the hoisting and trolley frames. 
Each trolley is carried by six rollers each having a capacity of 7.25 MT. Calculations supporting the 
selection of the trolley rollers are presented in Attachment V. 
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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 pourer 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 wdl continue to supply the Gantry. Electric 
power from the contactors will feed into a power distribution panel on the Gantry. 

7.4.3.9 Gantry Controls and Communications 

The 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-bokd 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 1ocated.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 disdbuted 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 
w 
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 
GantryCarrier 
Gantry Carrier third rail 

7.45 Gantry Structural Analysis 

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

75.1 Attachment Reference 

Attachment VI - Gantry Carrier Weight &d 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-  an try 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. 

75.3 Carrier Subsystems 

The Carrier will be similar to a railroad flat car with 44.6 kglm (90-lb/yd) ASCE rails mounted on 
the Canier bed to accommodate the Ganuy. 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 rai ls 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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753.1 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 nulning at 90 degrees to the main stringers. These will be attached to the rails and will 
support the weight of the Gantry. The underframe is fabricated of structural sections and plate with 
welded or bolted connections. 

7.5.3.2 Undercarriage (Trucks and Wheels) 

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

7.5.33 Couplers 

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

7.5.3.4 Brake System 

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

7.5.3.5 Gantry Restraint 

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

7.53.6 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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75.4 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: 

0 .  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 

75.6 Structural Analysis 

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

7.6 TRANSPORT LOCOMOTIVE 

7.6.1 Attachment Reference 

Attachment VII - Transport Locomotive - Equipment Selection 

7.6.2 Functional Requirements 

The purpose of the Locomotives is to move the WP Transporter from the WHB to the Emplacement 
Drifts. A Locomotive is also required to transport the Emplacement Gantry to and from the 
Emplacement Drifts. The arrangement of the Locomotive is shown in Figures 7.6.1 through 7.6.4. 

7.6.3 Locomotive Subsystems 

7.63.1 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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7.6.3.2 Tractive Power System 

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

7.6.3.3 Locomotive Frame 

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

7.6.3.4 Couplers 

Couplers on the Locomotives are Willison type. compatible with couplers on the Transporter and 
Gantry Carrier. They transfer the drawbar pull required to move the loads. Refer to Section 7.2 and 
Attachment IX for a description of the coupler. 

7.6.35 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 downhlll transport of WPs, as well as a stopping device. The Primary 
Locomotive controls the brakes on the ~ransporter 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: 
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Two Locomotives retrieving a WP loaded in a WP Transporter up the North Ramp. 
One Locomotive moving a loaded WP Transporter at the Emplacement Transfer Dock 
1. Case A - Operation in Main Drift with 1.4% grade. 
2. Case B - Operation in Drift Turnout with 20 m radius curve and 0.5% grade. 
Locomotives moving a loaded WP Transporter down the North Ramp. 
1. Case A - Two Locomotives moving a loaded WP Transporter. 
2. Case B - One Locomotive moving a loaded WP Transporter. 

The result of this analysis indicated that the one Locomotive operation placing the WP Transporter 
at the Emplacement Drift Transfer Dock requires the maximum capacity. The largest contribution 
to the 45 ton capacity requirement was the turnout with 20 m radius. A specially designed Goodman 
Type 201 Locomotive was selected to perform this duty (Refer to Figure 7.6.1). This Locomotive 
has 30 in. diameter wheels on 100 in. centers and can negotiate the 20 m curve in the 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 144 1 mrn (56% in.) rail gage. An alternate Locomotive, as 
shown in Attachment XI, is a standard 35 ton Locomotive utilizing a two truck system and eight 
driving wheels. It could also be modified to fit this application and will be considered in future 
studies. 

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

Overall length: 6706 mm (264.0 in.) 
Coupler centerlines: . 7728 mm (304.25 in.) 
Top of rail to top of cab: 2410 mm (95.06 in.) 

This drawing shows only an overall width to wallcways 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 Sheet for Coal Mining and Tunneling Locomotives, a Type 201 trolley-powered 
Locomotive has an overall width of 1778 mrn (70 in.) for a 914 mm (36 in.) track gage. 

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

Increase in track gage = 1440 m - 9 14 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 
mrn. 
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7.65 Locomotive Interfaces 

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

WP Transporter 
1. Mechanical coupling 
2. Air brake connection 
3. Transporter functions power and control 
4. Instrumentation and status connections. 

@ .  WHB 
Rail and switch systems 

. 1. North Ramp 
2. Main Drift 
3. Drift 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 Locornotive(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 DRIFI' 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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Prwvide controlled louvers or dampers for auflow when needed 
Resist varying thermal loadings 
Require low maintenancehigh reliability 

7.7.3 Arrangement 

A swing-typc 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 rbinimum thickness of 25.4 rnrn (1 in.) 304 stainless steel has been selected for this analysis (Ref. 
5.17). The thickness is significant to personnel radiation protection in the main drifts, when the door 
is closed. This.thickness can be obtained using one single thickness of material or the total of 
several. The door will be constructed of a channel frame with at least a 12.7 mm (% 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 Emplacement Drift, may also be of the same 
construction. The doors will pivot on hinges, which could be machined from steel and slipped in 
between and attached to the door and support frame outer skin. Final size of door and actuator will 
be based on loading requirements determined in future analysis. 

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

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

2. Automatically controlled ventilation louvers or dampers in the doors and/or bulkhead. 
3. Radiation seals for doors and door frames. 
4. Door construction that resists warpage due to differential operating temperatures and 

pressures. 

7.7.5 Door Operators 

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

The hydraulic system is a low-pressure design which normally operates at 10.34 rnPa 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 couId also handle abnormal situations when the pump is out 
of operation and the doors need one additional movement. 

The pneumatic operator would be sirmlar to the hydrauIic 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, whch 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 unintempted 
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 ak 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 (detennined 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 lII - WP Transporter - ~ e c h h i c a l  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 (1 15 lblyd) 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 
m>. The load capacity of this rail is based on a 320 BHN hardness and is verified in Attachment IIT. 

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 (1 15 lblyd) AREA rail. The track has both, straight and 
curved rail sections. Each drift turnout from the main drift to the emplacement drift area wiU utilize 
a remotely controlled track switch No. 4. 
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7.8.5 Emplacement Drift Rail 

The conventional 44.6 kglm (90 lblyd) 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 kglm (90 lblyd) ASCE rail with a 320 BHN was verified for both the 1.44 m gage application 
for the Reusable Rail Car (Attachment lV) 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 
- GantryCarrier 
- Ramp invert 
- Remote rail switch operator 
- Other rolling stock, man trip cars and maintenance equipment 

Main ~ c c e s s  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 DIUFI' TRANSFER DOCK 

7.9.1 Attachment Reference 

None 

7.9.2 Functional Requirements 

Provide an elevated platform or dock to accommodate the unloadmg 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 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. 

r 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 Rad 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. 

7.9.3 Emplacement '~ransfer 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). 

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. I), 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 imd unloading (Figure 7.9.4). The third rail for Gantry electrification is not required to 
butt up with the respective Canier third rail since the Gantry has two power contactors, which allow 
it to always clraw power from one or the other of the rails. 

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

1. How the alignment of rails and guides shall be accomplished and verified. 
2. How the alignment shall be maintained as the load shifts from the Transporter or Canier in 

the loading or unloading operation. 
3. How the release of the Transporter or Canier from the alignmentlsupporting 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 Canier 
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 
inputloutput (ID). PLCs were origmally designed to replace conventional relay-based logic systems. -- 

The advantages of a PLC-based control system are that they are easily programmed, highly reliable, 
flexible, small, and relatively inexpensive. It is also possible to design redundant processors in a 
PLC control system to improve overall reliability of the process. 

The control processor for the Locomotive wlll also contain a limited amount of logic and interlocks 
required by the WP Transporter and Gantry Carrier. Remote 110 card racks will be on the WP 
Transporter and Gantry Carrier and will be cable-connected to the control processor in the 
Locomotive. 
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The control system for the Emplacement Gantry will also be PLC based. The operator interface for 
the Gantry control system wdl 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 PUJ will control alI 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 preliminary information as noted by the TBVs shown in Section 
4. If any of these inputs change, the conclusions of this analysis may be impacted. 

The conclusions of this analysis confm 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. 

The following table summarizes the various operating conditions, lift requirements, and 
corresponding drift diameters: 

Shadow-Shield 
In Place 

Yes 
No 
No 
Yes 

Carry-Over 
Required 

Yes 
Yes 
No 
No 

Lift Required 
(mm) 

2301 
2226 
1863 
230 1 

Drift Diameter 
(m) 

5.5 
5.5 
5.3 
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 Turnout. 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 Transponer requires two 4-wheel trucks, each having 762 rnm 
(30 in.) diameter wheels. 

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

8. Transporter and Gantry Carrierwheels are required to be hardened to 615 Brine11 
Hardness to support the loads of the WPs and Gantry. 

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

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

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 11: 

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 II- 1). 

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



Title: Preliminary Waste Package DI: BCAOOOOOM) 17 17-02oO-000 12 REV 00 
Transport and Emplacement Equipment Design Page:90 of 94 

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 
rnrn 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 DO& 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 rnm (30 in.) 
diameter wheels. 
A Gantry Carrier with two trucks, each having two axles and four 762 mrn (30 in.) 
diameter wheels. 
A two-axle Locomotive having four 762 mrn (30 in.) diameter wheels with axles on 
2540 mrn (100 in.) centers. 

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

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/m (90 lblyd) ASCE rail in the Emplacement Drift is compatible with the 
Reusable Rail Car and the Gantry. 

5. A 57 kg/m (1 15 lb/yd) AREA rail is compatible with the Transporter, the Gantry 
Carrier, and the Transport Locomotive(s). 

6. A Brine11 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 Camer 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. 

8.43 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. 
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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 this analysis. 

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

4. W P  skirts having a length of 225 mm at both ends of the WPs are compatible with the 
lifting requirements of t h s  analysis. 

8.45 Waste Package Emplacement 

1. An excavated dnft 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 excavateddrift diameter of 5.3 m, with the ground suppon 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 (4.3.30) that the gantry must be able to place WPs as close as one meter 
apart (end-to-end) is not currently met with all WP configurations. Further design work 
is needed to comply with this assumption. 

8.4.6 Emplacement Equipment 

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

2. A wheel diameter of 762 rnrn (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 ~eusable  Rail Car wheel diameter of 356 mm (14 in.) is compatible with the loads 
from the heaviest WP. 

5. A Reusable Rail Car unloading speed of 7.6 m,min (25 Wmin) 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 mlsec (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 rnm (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 6 15 for Transporter wheels. 

8.4.7 Intermediate Diameter Waste Packages 

The concept depicted in h s  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 a l l  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. 4.3.1 l), these include the following dimensions: 

1. Loaded Mass of the heaviest WP changed from 69,000 kg, to 70,000 kg. (Ref. 4.3.1 1, 
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 indicated above will not invalidate the basic design concept in the foregoing 
conclusions. 
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ATTACHMENT I 

WASTE PACKAGE TR4NSPORTER 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 attachmcn:~, 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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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 I, Section 10.0, Part 3.) (includes WP and Reusable Rail Car) 

1.1 Dead Load (DL) (CMAA 70, Section 3.3.2.1.1.1, Ref. 4.4.5) 
The weights of all effective parts of the transporter structure, the machinery parts and 
the fixed equipment supported by the structure. 

Rigid Chain Gear Motor = 320 kg (0.71 kips) (Attachment 111, Section 3.3.9) 
Rigid Chain Drive (Ea) = 240 kg (0.53 kips) (Attachment HI, Section 3.3.6) 
Rigid Cham Magazine (Ea.) = 630 kg (1.39 kips) (Attachment 111, Section 

3.3.1 1) 
Rigid C h n  Guide (Ea.) = 43 kglM (0.03 kipdft) (Attachment 111, Section 

3.3.6) 
Truck (Ea.) = 4,989 kg (1 1 .O kips) (Attachment VTII, Section 2.1) 
Coupler (Ea.) = 79.4 kg (0.1 75 kips) (Attachment IX, Section 2.0) 
Rail = 44.64 kg/m (90 lb/yd) = 30 Iblft (Section 4.3.25) 
Door Operator Gear Motor = 200 kg (0.44 kips) (Attachment 111, 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 

8.2 psf 
Borated Polyethylene = 101.6 rnm (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 rnm (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 3 790 30,s 1.1 
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. 

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

Transporter travel speed = 8 km/hr = 437 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) 
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23 Impact Loads (AAR M- 100 1, Vol. 1, Ref. 4.4.8) 

23.1 Horizontal Impact Force (HIF) (AAR M- 1 00 1 Vol. I, Section 4.1.1 0.1) 
Coupler Force = 1,250,000 lbs applied to one end of the car 
Use HIF = 1,250,000 Ibs 

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

where: a = amplification factor 
b = distance between truck centers in feet = 3.66 m (1 2.0 ft) 
h = vertical distance, centerline of coupler to maximum center of 

gravity height in feet = 1.55 m (5.08 ft) 

Note: Distance T.O.R. to car center of gravity = 92" (Attachment 1- 
Section 10.0, Part 3) 

Distance T.0.R to centerline coupler = 0.79 m (3 1") (Fig. 7.2.2) 
h = 61" (5.08 ft) 

W = rail load limit less weight of trucks in pounds = 

233.15 MT - 2(1'.0 'p3) = 223.17 MT (492,090 lb) 
2.205 krps/MT 

H = horizontal impact force (HIF) in pounds = 1,250,000 Ib 

Amplification Factor, a = 3.2 

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@LF) + LL(l+HLF) 
Note: TL (DLF) and E D  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 
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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- 100 1 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 3.4.7-24 Ref. 4.4.5 
Service Class "F" 
Joint Category B; allowable fatigue stress range = 17.Oksi 

Note: Joint Category B is selected because 
transporter is principally a built-up box 
section (CMAA 70, Table 3.4.7-2A) 

Plus Approximate Transporter Dead Load Stress (to be 
verified by this analysis) =~ 

Use Total Allowable Stress = 18.0 ksi 

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

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

Use reduced Fy =A =".O = 27.3 ksi, ASTM A-36 steel 
0.66 0.66 

4.2 Allowable Stress Level 

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

Load Combination 3, Stress Increase == = 1.25; 25% stress increase 
(CMAA 70, Section 3.4, Ref. 4.4.5) 
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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 =' 22 = 2.20; 220% stress 
0.60 ( 27.3) 

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

Note: The factor of (&) increases the allowable s tms  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 o f l g )  increases the 

allowable stress &om 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 NOG 1 - 1995, Section NOG-4 140) 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 r 1.5 (Load Combination Case #I) 

Extraordinary (Extreme Environmental) Loading Condition 
Overturning Safety Factor r 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-111 
computer software will be used to perform the stress analysis for the transporter structural 
frame. STAAD-111 facilities for steel design will be based on the AISC-ASD code. 
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7.0 STAAD-ITI MODEL 

STAAD-111 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-111 MODEL LOAD DIAGRAMS 

STAAD-111 model load diagrams indicate model configuration with applicable model 
members and joints identified. 
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LOAD CASE 2 
DOOR CLOSE ( D L )  

X X X  - I N D I C A T E  J O I N T  

TRANSPORTER COMPUTER MODEL 
FJ OOR* L E F T  S I D E  AND TOP 
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X X X  - INDICATE JOINT 

TRANSPORTER COMPUTER MODEL 
RJGHT S I D E  AND TOP 
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LOAD C A S E  7 A 
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LOAD C A S E  10 
A 

X X X  - I N D I C A T E  J O I N T  

TRANSPORTER COMPUTER MODEL 
R I G H T  S I D E  AND TOP 
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DIMENSION REFERENCE FOR 
LOAD C A S E  8 8 LOAD CASE 9 
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10.0 STABILITY ANALYSIS 
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STAB= ANALYSIS: 

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

A Ovmurning safery iactar at top of truck: 

Dimamion of aansponer: - 
Length L = 7.37 M ( 290.16 In*, 6gun 7.2.3 

Height H= 3.09 4 ( 121.65 inch ), . 6~ I - 1 
Wind veiociry pressure P -23.0 psf ( Attachment 5 Scction 8.0) 

Ovmurning force F = P X L X H 

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

Overnvn moment at top of auck 

Distance from bottom transporter to top vuck = 0.280 M (1 1.0") Figure I - 1. 

Distance &om center of transporter to top of truck = 3.0912+0.28 -1.825 M (5.999 

OIlernvnmom.Mo~FXarm= 5.64k X71.85' 1121 33.77 k-ft 

Restfflns moman at top of mck 

Transport sdf-weigh 

support reaction STAAD III 0- file transpor ( w 5 . 5 3 )  
Support joint 201 Support joint 202 

lord-i r - 2  1ordc;~el ~ordcatez total 
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B. Overntming safety factor at top of rails: 

Distance fiom center of transporter to top of rails. Figure i - 1 

Momem arm = 3.09 1 2 + 0.98 = 2.525 M (8.28') 

Onmrrn mom. Mot- F X arm = 5.64k 99.41" 112- . 46.72 k-ft 

Resisting moment at top of rails 

Rail gage B l  = 1.44 m (4.727. Figure I - 1 

Resrmce mom. Mr = W X B 1/2 = 3 15.59k X 56.7" l(2X12) a 745.58 k-A 
- 

S l f i r y  factor = Mr/ Mot = 745.58 1 46.72 = 15.96 > 1.1 OK 1 
C. Ovcrnuning o f w i d  loading in longitudinal dirrcaon to transporter by inspeaion is OK 

becue  longitudinal suppon (spacing of ma&) is larger than aaruvene support (space b- 

rails) and because longitudinal wind loading is ody approidmarely 40% of transverse wind load 

( width / length of transporter 2.94 MI 7.37 M). 
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2. Seismic loading (transverse) on transporter with Waste Package and Rail Car. 

A. Ovenuming safety factor at top of truck: 

Distance from rransponer gravity center to tep of truck = 1.666 M (5.477, 

F;gwe I - 1 ,  From S T W  IIX analysis ). 

Distance h m  W P cmtu to top of truck = 1.89 M (6.2'). Figure I - 1 .  

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

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

It ans Washt (k) ground Acc. Haght (ft) = M ot ( k - ft ) 
Tnnsponer 315.59k X 0.27 X 65.6" 2 = 465.81 

WP 152.2k X - 0.27 X 74.4" 1'12.. 254.78 

ILii Car 24.3 k X 0.27 X 43.2" 112 = 23-62 

Mot = 744.21 

Resisting moment fiom top of tmdc 

B = 1.27 M (4.17')'. FigureI-1 
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B. Ovemring safety factor at top of r a h :  

Distance from transponer gravity center ro top of rad = 1.366 M (7 673, Figure I - 1 .  

Distance fiom Wane Package center to top of rad = 2.59 M (8.50'). Figure I - 1 .  

Distance from rad car gravity cemu to top of raii ~1.798 M (5.9'). Figure I - 1. 
Items Wagh (k) ground Acc. Height (A) = M ot. ( Ib - ft ) 

Transporter 315.59 X 0.27 X 93.2" I12 = 661.79 

WP 152.2 X 0.27 X 102.0" /12 = 349.30 

Rail Car 24.3 X 0.27 X 70.8" i12 = 38.71 

M ot = 1049.80 

- 

Resistance moman h m  top of rail. 

C a x a  of caner of raii B = 1.44.M (4.72'). Figure I - 1 

Transporter ' 315.59 X 56.7" tl2f2 = 745.58 

WP 152.2 X 56.7" /1YZ = 359.57 

Rail Car 24.3 X 56.7" /12/2 = 57.41 

M 1162.56 k-ft 

C. Lon@dinai seismic Ioad on traasponer by inspection is OK because longinrdinal nrppom 

(txuck spacing) is larger than transverse supports (space between raiis). 
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3 .  Vettical cemer of gravity above top of rad: 

Moment above top of rail: 

An upper bounding for Truck center of gravity of 0.7  M (2.2') above top of rail is conscivarive 

and reasonable for this analysis, F i p  I - 1. 

Transponu .315.59 X 93.2" 112 = 2451.08 

WP 152.2 X 102.0" 112 = 1293.70 

Raii Car 24.3 X 70.8" 1 = 143.37 

Truck 22.0 X 27.6" 2 = 50.60 

total = 514.09 (233.15 MT) 3938.75 

distance = 3938.75 1 514.09 = 7.66 ft 

Graviry of cemer is 7.66 X 12 = 92." fmrn cop of nil < 98" ( Attacheat i, s d o n  5.2 ) is OK 
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ATTACHMENT I1 

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 fiom 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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EMPLACEMENT GANTRY STRUCTURAL ANALYSIS 

Since this design analysis is for the purpose of viability assessment only, the sauctural 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) ( C W  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 Ib (Attachment V - Section 3.3) 
Gantry Bogie Wheel and Bearing Housing (Ea.) = 340 lb (estimated) 
Gantry Bogie Wheel Drive Motor (Ea) = 400 Ib (Attachment V - Section 3.2) 
Electrical Cabinet - Shielded (Ea) = 6.2 kips. Estimated weight based on 2" 

thick A36 steel (Section 4.3.32) 

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

1.2 Trolley Lo-ad (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 - 0 btunl && 
4 DHLW 1785 3790 30,5 1 1 

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 (2 10.6 in.) 69,000 (1 52.2 kips) 
--- 1850 5850 69,000 
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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 @LF) (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 Wmin. (Attachment V - Section 3.2C) 
- UseDLF=1.1 

1.4.2 Hoist Live Load Factor (HLF) (CUAA 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 .005 X hoist speed (Wmin) X 100 s 50% 
Hoisting Speed = 0.74 mfmin. = 2.43 ft/min. (V - Section 3.0) 

0.005 X 2.43 ftfmin. 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/SECZ) 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 .O) 
Tractive Force percentage of vertical load (IFD) = 7.8 (1.0 ft/sec2) = 7.8% > 

2.5% 

IFD = 7.8% x [full crane dead load and lifted load] 
Use IFD = 7.8% (99.2 + 152.2) = 19.6 kips 
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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 fiction 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) - LongitudinalfTransverse 
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 = %" in 20 
ft = 0.10% (CMAA 70 Table 1.4.2-1, Ref. 4.4.5) 

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

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

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 = 1 311 6" 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 
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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, which depends upon the ratio 
of the span to the wheel base. 

SPAN = 2646 = 2.65; S* = 5% 
Ganby Ratio = WHEELBASE ,000 mm 

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

23 Horizontal Racking Force to Gantry (HRF) 
Consider drive wheels operating one side of gantry or gantry towed from one side of 
gantry, and on other side gantry drive wheels are locked. Note: One drive wheel per 
bogie 

Coefficient Friction = 0.25 (PCI, Table 6.6.1, pg. 6-1 8, Ref. 5.19) 
Maximum Vertical Load per Drive Wheel = (99.2 + 152.2) - 8 wheels = 

31.43 kips 
Maximum HRF = 0.25 (3 1.43 kips) (2 drive wheels) = 15.7 kips 
Use HRF = 1 5.7 kips each side gantry 

23 Vertical Racking Force to Gktry (VRF) 
Rail Installation Tolerance Rail to Rail = i3116" (CMAA 70 Table 1.4.2-1, Ref. 
4.4.5) . 

Total Vertical Relative Displacement - 2 (3116") = 0.375" 
The maximum VRF will result from the stress developed during the vertical relative 

displacement: On same side gantry frame, displace fiont 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-0 1 9, Ref. 5.1) . 

Emplacement = 50°C 
Retrieval = 50 " C 

Use A temp = 50°C = 122°F 
Consider gantry unrestrained fiom normal expansion, therefore, neglect 

thermal stresses in gantry structure 

2.4.2 Effect of Heat on Structural Steel (AISC M016-89, Part 6 pg 6-3 & 6-5, Ref. 
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- 
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temperature yield and tensile strengths to their respective room-temperature 
strength values are reasonably similar at any particular temperature for the 
various steels in the 300°F to 700°F range, except for variations due to strain 
aging. 

The mechanical properties of steels are largely unaffected by heating 
operations, provided that the maximum temperature does not exceed 1 100°F 
for quenched and tempered alloy steels, and 1300°F for other steels. 

3.0 EXTRAORDINARY LOADS 

3.1 Collision Forces (CF) (Ch4AA 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 # 13, Section 7.6.2, Ref. 5.49 
Maximum Allowable Deceleration Rate = 16 fi per sec2 
Gantxy + waste package weight = 99.2 + 152.2 = 25 1.4 kips 
Impact gantry weight per side = 0.5 (25 1.4 kips) = 125.7 kips 

Maximum Stopping Force per Side = 125.7 kips 1 6 f  '" = 62.9 kips 
( X f p r  b) 

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 

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. 
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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 packagehoist beam at three positions (II- 
Section 10.0, 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(l+HLF) + IFD + OPF 

4.2 Load Combination 2: Crane in regular use under principal and additional loading 
(Stress Level 2) 

DL@LF) + TL(DLF) + LL(l+HLF) + IFD + OPF + LTF + NTF (or SK, 
whichever is greater) + HRF + VRF 

4 3  Load Combination 3: Extraordinary Loads (Stress Level 3) 

43.1 Crane subjected to stopping collision force 
D L + n , + L L + O P F + V R F + C F  

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: 

Performs 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) = 1.0 ksi 
Use Total Allowable Stress = 18.0 ksi 

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

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

Use reduced Fy =C' = I a 0  = 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 .O; 0% stress increase 
0.60 

Load Combination 2 ,  Stress Increase =% = 1.1 ; 10% stress increase 

Load Combination 3, Stress Increase =E = 1.25; 25% stress increase 
0.60 

6.0 ALLOWABLE DISPLACEMENTS 

6.1 Gantry Girders 

Vertical Deflection (ASME-NOG- 1 - 1 995, A,, WIO Impact 5 3~ 
loo0 

Section NOG-434 1, 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 S  * 
400 

Ref. 4.4.5) 

6.2 Horizontai Displacement - Bogie Column (ASME NOG- 1-1995, Section NOG-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 
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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. 

Description 

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, Section NOG-4 140) 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 #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-I11 computer software will be used to perform the stress analysis for the gantry 
structural Erame. STAAD-I11 facilities for steel design and code checking will be based on 
the AISC-ASD code. 
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10.0 STAAD-I11 MODEL 

STAAD-111 model diagrams indicate model configurations with model members and joints 
identified. The basis for each computer model is shown in Figures 11-1,II-2,II-3,II-4,II-5, 
and 11-6. Member centerline offsets are not shown in model diagrams for clarity, but are 
identified in the STAAD-I11 input and output files. 
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GANTRY COMPUTER MODEL JOINT COORDINATES 

No. of No. of No. of 
Joint X Y  Z Joint X Y Z  joint X Y  Z 

Hoist in high position 

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

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 33.0 521 
7 300.4 33.0 521 
8 310.4 33.0 52.1 



TROLLEY COMPUTER MODEL (TROLY-LB) 

J o l n t f i ~ .  X Y z 
I I 0.0 0.0 -52.1 
12 -43.0 3.d -52.1 
13 0.0 0.0 52.1 

17 14 -43.0 0.0 52.1 

1 5 - 4 3 . 0  0.0 0.0 
I6 -28.5 0.0 0.0 

12 17 -28.5 19.5 0.0 

X --- Jolnt no. 

@ ---  m e m b e r  no. 14 



T R O L L E Y  COMPUTER MODEL ( T R O L Y - L F )  
J o i n t  c o o r d i n a t e s  

J o i n t  no. X Y z 

X --- Joint no. 

@ --- member no. 

L 



- 330 mnx 3JO mnx I 3  mn 

203 mn x 508 mn 

356 mn x 356 mn x 

254 mn x 254 mn x 

330 mn x 508 mn x 48 mn 
Ill x 20 x 1'1,") 254 mn x 508 mn x 5 {  

I30  mn x 330 mn x 1 3  mn 
(13 x I J  x '*{I 

l i , i '  cres 

310 mn x 406 mn x 10 mn ':. 451 mn x I30  mn x 48 mn 203mnx 406mnx l 3 m n  
118 x I1 X lbil 

130 mn x 254 mn x 25 mn 
113 x 10 X I '  CHANNEL) 

356 mn x 356 mn x 48 mn 
( 1 4  x I4 x I'$I 

130 mn x 406 mn x 25 mn 

-'a I13 x 16 x 1' CHANNEL1 
20J mn x 406 mn x 13 mn 

I 8  x 16 x ' ~ j l  

GANTRY A S S F W  Y 
PERSPECTIVE VIEW 

NO SCALE 

STRUCTURAL SECTIONS ARE BOX SECTIONS. UNLESS OlHERl lSE NOTE0 
OF WIDTH x DEPTH x THICKNESS INDICATED. ALL DILTNSIDNS 

AflE mn (inchesl. 
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F IGURE 11-2 
EMPLACEMENT G A N T R Y  

ARRANGEMENT I 



ATTACHMENT I1 
Title: Preliminary Waste Package DI: BCA000000-01717-0200-00012 Rev00 

Transport And Emplacement Equipment Design Page:Ik lq of 7 8  

e 
C 

W 2 - .  t u  r ;; 1- 

C > 0 

m % - B { 3 
C C 

i 

a =I 
J 
a 
I 
> 
1 
m 
I w  
W d  
$ %  
a 8  
> 
u 
I- 
z 
Q 
C3 

y 
5 
0 z 

U U 
W .  
-1 I 
Y 

FIGURE 11-3 
EMPLACEMENT GANTRY 

PLAN 



GANTRY ASSEMBLY 
S I D E  ELEVATION 

NO SCALE 
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GANTRY ASSEMBLY 
END E L E V A T  I ON 

NO SCALE 
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FIGURE 11-6 
EMPLACEMENT G A N T R Y  

CROSS SECTION 

GANTRY ASSEMBLY 

CROSS SECT I ON 
NO SCALE 
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11.0 WASTE PACKAGE SIZE/LOAD COMPARATTVE ANALYSIS 
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Waste Package Size I Load Cornparatwe Analysis 

STAAD III input file " wp-compastd " for wane package sizdoad comparative analysis, 

provides the input to determine the maximum moment m the hoist h e  during vertical and 

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

Diameter Len@ WP Loaded mass Mr 

WP type (mm 1 (mm) (Ks) kips (kip-&) . 

4 DHLW 1785 3 790 30.5 1 1 67.265 142.06 

12 PWR UCF 1298 5335 , 32,236 71.266 103.81 

21 PWRUCF 1650 5335 50,423 111.164 149.04 

- 1970 5350 69,000 152.114 194.54 'Control* 

Wane Package at dia. = 1970 mm lengh = 5350 mm, and load mass = 69,000 kg control 

emplacement gantry design for swcnual and defiection analysis. 



JOINT COORDINATE 

JOINT- X Y Z 
I 0 . 0  - 2 4 . 0  -52 .1  
2  10.0 -24.0 -52 .1  
3 8 4 . 5  - 2 4 . 0  -52 .1  
4  2 2 5 . 9  - 2 4 . 0  -52.1 
5 300.4 - 2 4 . 0  -52.1 
6 0  - 2 4 . 0  -52 .1  

@ lndicotes member number 

X lndicoles joint number 

COMPARATIVE ANALYSIS - - -  WASTE PACKAGE " 4D HLW " 



JOINT COORDINATE 

@ Indicates member number 

X lndicoles joint number 

JOINT X Y Z 
1 0.0 -24.0 -52.1 
2 10.0 -24.0 -52.1 
3 54.1 -24.0 -52.1 

. 4 256.3 -24.0 -52.1 
5 300.4 -24.0 -52.1 
6 0 . 4  -24.0 -52.1 

I I 0.0 -24.0 52.1 
I2 10.0 -24.0 52. 1 
I3 54.1. -24.0 52. 1 
I4 256.3 -24.0 52.1 
15 300.4 -24.0 52.1 
16 310.4 -24.0 52.1 

COMPARATIVE ANALYSIS - - -  WASTE PACKAGE " 12 PWR UCF " 



JOINT COORDINAIE 

@ ,  Indicates member number 

X lndicotes joint number 

COMPARATIVE ANALYSIS - - -  WASTE PACKAGE " 4 4  BWR UCF " 

m 

c. 

2 2 
3. g *  
C1 u 

E: 6 "'I F g 
2 - 4  
8 H 



@ lndlcoles member number 

x Indicates joint number 

JOINT COORDINATE 

JOINT . X Y z 
1 0.0 -24.0 -52.1 
2 10.0 -24.0 -52.1 
3 54.1 -24.0 -52.1 
4 256.3 -24.0 -52.1 
5 300.4 -24.0 -52.1 
6 310.4 -24.0 -52.1 

I I 0.0 -24.0 52.1 
12 10.0 -24.0 52.1 
13 54.1 -24.0 52.1 
14 256.3 -24.0 52.1 
15 300.4 -24.0 52. 1 
16 310.4 -24.0 52.1 

COMPARATIVE PNALYSIS - - -  WASTE PACKAGE " 21 p w ~  UCF - 



JOINT COORDINATE 

J O I N T  X Y Z 
I 0.0 -24.0 -52.1 
2 10.0 -24.0 -52.1 
3 53.8 -24.0 -52.1 
4 256.6 -24.0 -52.1 . 
5 300.4 -24.0 -52.1 
6 310.4 -24.0 -52.1 

@ lndtcoles member number 

X lndicoles joint number 

COMPARATIVE ANALYSIS - - - WASTE PACKAGE " - - -  69 MTON L - 5350mm " 



JOINT COORDINATE 

@ Indicates member numbel 

X lndicales joinl number 

JOINT X Y Z 
1 0 . 0  - 2 4 . 0  -52 .1  
2 10 .0  - 2 4 . 0  -52.1 
3 4 4 . 0  - 2 4 . 0  -52 .1  
4 266.4 - 2 4 . 0  -52.1 
5 300 .4  - 2 4 . 0  -52 .1  
6 310.4 - 2 4 . 0  -52 .1  

I I 0 . 0  - 2 4 . 0  52 .  1 
I 2  1 0 . 0  - 2 4 . 0  52 .  1 
13 4 4 . 0  - 2 4 . 0  52 .  1 
14 2 6 6 . 4  - 2 4 . 0  5 2 . 1  
I 5  300 .4  - 2 4 . 0  5 2 . 1  
16 310.4 -24 .0  52.1 

COMPARATIVE ANALYSIS - - -  WASTE PACKAGE " - - -  69 MTON L - 5850mm " 
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File: wp-com~.std page: : of 2 - 
staad space c-arative up loads 
~03969/gmrry-ll/vp-co~a warre packages load cqarrsons 

paqe lengch 72 
UnlC krp AnCh 

mmmbar mcrdencea 
1 1  2 3;4 5 6 6 ~ 1 1  2 6 ~ 1 2  3 7 
member offset 
11 12 start 0 3 0 
1 1 1 2 u d  0 3 0  
Const ant 
k steel a11 
duuxty steel a11 
start usor tabla 
cable 1 
tub. 
TtOxlO 
79.88 20.0 10.0 2.25 4262 1065 100 90.0 45.0 
end 
mmEber property 
1 to 6 upt 1 ~20x10 
11 12 ta st tube dc 16 ut 8 th 0.3125 
support 
1 4 5 8 pxnned 
10ADxnq 1 vartxcal and lateral load (LL-30.5llmton. L-3.790m) 
SELrnIQn Y -1.0 
selfwexght z -0.27 
mub.r load 
2 5 con qy -16.82 74.5 
2 5 con gy -16.82 215.9 
2 5 con gz -4.54 74.5 
2 5 con gz -4.54 215.9 
lOADing 2 vertical and lacera1 load (LL-32.236 mron. L-5.335~1 
S ~ I Q P T  Y -1.0 
relfwerght z -0.27 
w a r  load 
2 5 con gy -17.82 44.1 
2 5 con qy -17.82 246.3 
2 5 c.on gz -4.81 44.1 
2 5 con gz -4.81 246.3 
l0ADrnq 3 vertrcrl and lateral load (LL-46.424 mton, L-5.335m) 
S U E n I G x T  Y -1.0 
selfwerqht z -0.27 
mmber load 
2 5 con qy -25.59 44.1 
2 5 con py -25.59 246.3 
2 5 con gz -6.91 44.1 
2 5 con gz -6.91 246.3 
l0ADrnp 4 vertxcal and lateral load (LL-50.423mton. L-5.335m) 
SILLIWEIQII Y -1.0 
relfwaqht z -0.27 
mubmr load 
2 5 con gy -27.79 44.1 
2 5 con gy -27.79 246.3 
2 5 C M  gZ -7.50 44.1 
2 5 C M  QZ -7.50 246.3 
LQADing 5 vertical and lateral load (-69. mton, L-5.350m) 
S E L Z W G I ~  Y -1.0 
solfwmrght z -0.27 
m e r  load 
2 5 con gy -30.03 43.8 
2 5 con gy -38.03 246.6 
2 5 con pz -10.27 43.8 
2 5 con qz -10.27 246.6 
L W x n q  6 vertical and lateral load (LL-69. mton, L-5.05m) 
SUIYCIQIT Y -1.0 
smlfwexpht z -0.27 
mmber load 
2 5 con gy -38.03 33.96 
2 5 con gy -30.03 256.44 
2 5 con gz -10.27 33.96 
2 5 con gz -10.27 256.44 
PCRFORn ANALYSIS 
u u t  inch 
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File: WP-COWA.Std P a p :  2 of 2 . - 
paramatars 
fyld 27.3 
cod. axsc 
check coda 
w c  f e e t  
prrne supporc reactron 
pr in t  ]olnc d ~ s p l a c e m n t  
load l i s t  1 
p r i n t  muforcr  env 
load l i s t  2 
prrnr muforce env 
load l ~ s t  3 
prrnc muforcc env 
load l i s t  4 
pr in t  muforce env 
load l l r t  5 
p r in t  muforce env 
load l r s t  6 
prrne nuxforcc env 
sce.1 takm off 
f i rush  
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User ID: mk 
PAGE NO. 1 

.................................................. 

S T A A D -  I11 
Revasron 22.OW 
Proprretary Program of 
Research Cngrneers, Ine. . Date- KRY 19, 1997 . Tlma- 16:14:18 . . 

USER ID: mk . 
*... .............................................. 

1. STAAD SPACE COKPARATNE OIP LQMS 
2. W03969/GWTRY-ll/UP-COMPA WASTE PACKAGES LOAD COKFARISONS 
3. P A U  L W G M  72 
I .  UNIT KIP INCH 
5. JOINT COORDINATES 
6. 1 0. -24. -52.1:2 10.0 -24. -52.1;) 300.4 -24. -52.1;4 310.4 -24.0 -52.1 
7. 5 0. -24. 52.1;6 10.0 -24. 52.1;7 300.4 -24. 52.1;8 310.4 -24.0 52.1 
8. M E R  INCIDWCLS 
9. 1 1 2 3:4 5 6 6:11 2 6:12 3 7 
lo. MQQFXI onsar 
11. 11 12 START 0 3 0 
12. 1 1 1 2 W D  0 3 0  
13. CONSTAKT 
14. L s n t L  ALL 
15. DaSITY STILL ALL 
16. START USER T A B U  
17. TABLt 1 
16- TUBE 

22. m t R  PROPERTY 
23. 1 TO 6 UPT 1 T2OXlO 
24. 11 12'TA ST TUB2 DT 16 W 8 TH 0.3125 
25.  SUPPORT - . - - - . - 
26. 1 4  5 8 PINNED 
27. LOADING 1 VERTICAL AND LATERAL LOAD (U-30.Sl1KK)N. L-3.790U) 
28. SEW4RIGHT Y -1.0 
29. SELfWIGKI 2 -0.27 
30. m t R  LOAD 
31. 2 5 CON GY -16.82 74.5 
32. 2 5 CON GY -16.82 215.9 
33. 2 5 CON GZ -4.54 74.5 
34. 2 5 CON GZ -4.54 215.9 
35. LOADING 2 MRTIUU AND LATLRU LOAD (LL-32.236  ON, L-5.33sn) 
36. StLEWtICHT Y -1.0 
37. SUEWtICHT 2 -0.27 
31. LOAD 
39. 2 5 CON GY -17.82 44.'1 
40. 2 5 CON GY -17.82 246.3 
41. 2 5 CON GZ -4.81 44.1 
42. 2 5 CON GZ -4.81 246.3 
43. m I N G  3 VERTICAL AND WUUI. LOAD (LIr46.424 UTON, L-5.335H) 
44. S ~ I ~  Y -1.0 
45. SU3WCIGKI Z -0.27 
46. MQQFXI LOAD 
47. 2 5 CON GY -25.59 44.1 
48. 2 5 CON GY -25.59 246.3 
49. 2 5 CON GZ -6.91 44.1 
50. 2 5 CON GZ -6.91 246.3 
51. LOADING 4 VERTICAL AND W t R A L  LOAD (LL-50.423MOW. L-5.335X) 
52. SZtE1I1CIGHT Y -1.0 
53. S-IGHT Z -0.27 
54. m t R  LOAD 
55. 2 5 CON GY -27.79 44.1 
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User ID: mk 
--PAGENO. 2 - COKPARATIVE WP LOADS 

W03969/GANTRY-ll/UP-COUPA W T E  PACKAGE 
56. 2 5 CON GY -27.79 246.3 
57. 2 5 CON GZ -7.50 44.1 
58. 2 5 CON GZ -7.50 246.3 
59. LOADING 5 VtRTICXT. AND W E =  LOAD [LL-69. KZON, L-5.350~) 
60. SELIWEIGHT Y -1.0 
61. SELEWEIGHT Z -0.27 
62. m E R  LOAD 
63. 2 5 CON GY -38.03 43.8 
64. 2 5 CON GY -38.03 246.6 
65. 2 5 COU GZ -10.27 43.8 
66. 2 5 CON GZ -10.27 246.6 
67. LOADING 6 VZRTICAL AND LATERAX. LOAD [U=69. m0U. ~-5.85Ul 
68. S E L M I W  Y -1.0 
69. SELN21C;M Z -0.27 
70. m E R  LOAD 
71. 2 5 CON GY -38.03 33.96 
72. 2 5 CON GY -38.03 256.44 
73. 2 5 CON GZ -10.27 33.96 
74. 2 5 CON GZ -10.27 256.44 
75. PERFORH ANALYSIS 

P R O B L E H  S T A T I S T I C S  ................................... 

ORIGINALIFINAL BAND-WIDTH - 4 /  3 
TOTAL PRIMARY LOAD CASES = 6, TOTAL DECREES Or ?REEDOM - 36 
SIZE OF STIFFNESS HATRIX - 756 DOUBLE PMC. WORDS 
RCQRDIAVAIL. DISK SPACE - 12.02/ 669.3 m. EXlW - 58.8 

++ Procmsszng ElomuIt Stiffnmss IiAttLx. 
++ Processing Global Stiffness mtrix. 
++ Processing Triangular Factorrtation. 
++ Calculating Joznt Displac-ts. 
*+ Calculacxng kt.rber Forces. 

76. UNIT INCX 
77. PmAmTWU 
78. FYLD 27.3 
79. CODE AISC 
80. CHECK CODE 
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COPIPARATIVE WP LOADS - 
' W03969fGANTRY- 1 1  /We-COKPA 'dXSTE P A C m E  

User ID: mk 
--PAGENO. 4 

SUPPORT REACTIONS -UNIT KIP FEET STRUtrVRE TYPE SPACE ----------------- 
JOINT LOAD FORCE-X FORCE-Y FORCE-Z Ma-X M a - Y  

83. PRINT JOINT DISPLRCEIENT 
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- COHPAPATIVE U P  LOADS 

W03969/GANTAY-lL/WP-COHPA WASTE PAC- 

User ID: mk 
--PAGENO. 5 

JOINT DISPLAC- (INCH RADIANS) STRUCTURE TYPE SPACE --------..--------- 
JOINT LOM X-TRAWS Y-TRANS Z-TRANS X-ROfW Y-ROfAN 2-ROTAN 

04. LOAD LIST 1 
85. PRINT KAXFORCE ENV 
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- COrnmATIVE WP LOADS 

W03969/GANfRY-ll/WP-COUPA ' W T l  PACKAGE 

m C R  FORCE ENVELOPE ..................... 
W UNITS ARE KIP FEET 

lIQg FY/ OIST LD UZ/ DIST LD 
FZ OIST LD m D I ~ T  LD 

2 MAX 20.10 0.00 1 
5.43 3.00 1 

KIN -20.10 24.20 1 
-5.43 24.20 1 

6 MAX -20.30 0.00 1 0.00 0.83 1 
-5.40 0.00 1 4.53 0.00 1 

UIN -20.53 0.83 1 -17.01 0.00 1 
-5.46 0.83 1 0.00 0,83 1 

12 U M  0.21 0.00 1 0.03 0.00 1 
3.46 0.00 1 15.00 8.68 1 

UIN -0.20 8.66 1 -0.42 4.34 1 
3.46 8.68 1 -15.04 0.00 1 

FX DIST LD 

********** END OF FORCE ENVELOPE FROM INTERNAL STORAGE 

86. LOAD LIST 2 
87. PRINT W r O R C E  W 
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. - c0mARATLVE WP LOADS 

U03969/GAHTRY-ll/WP-COMPA 'JASTE PACKAGE 

m E R  FORCE ENnLOPI --------------------- 
ALL UNITS ARC KIP FELT 

WAX AND MIN FORCE VALUES AHOWGST ALL SECTION L O W I O N S  

rmcS FY/ 3IST LI) W/ DIST LD 
FZ DIST LD m DIST LD 

3 MAX -21.31 3 . 0 0  2 0.00  0.83 2  
-5 .83  3 .00  2 4.88 0.00 2 

X I W  -21.54 0 . 8 3  2 -17.85 0 .00  2 
-5 .89  0 .83  2  0.00 0.83 2  

FX DIST LD 

***'**'*.* UID OF FORCE -LOPE FROM INTERNAL STORAGE 

88. LOAD LIST 3 
89. PRIHT P(AXK)RCC CNV 
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- COEIPAW4TIVE WP LOADS 

m E R  FORCE ENVELOPE ..................... 
W VNITS ARE KIP FELT 

W AND UIN FORCE VALUES AMONGST ALL SECTION LOCATIONS 

FYI DIST LD HZ/ DIST LD 
FZ DIST LD my DISTU 

1 KW 29.31 0.00 3 0.00 0.00 3 
7.99 0.00 3 6.63 0.83 3 

UIN 29.08 0.83 3 -24.33 0.83 3 
7.93 0.83 3 0.00 0.00 3 

2 UAX 28.87 0.00 3 -23.49 24.20 3 
7.80 0.00 3 21.03 12.10 3 

UIN -28.87 24.20 3 -137.39 12.10 3 
-7.80 24.20 3 -9.72 0.00 3 

3 UAX -29.08 3.00 3 '0.00 0.83 3 
-7.93 9.00 3 6.63 0.00 3 

UIN -29.31 3.83 3 -24.33 0.00 3 
-7.99 0.83 3 0.00 0.83 3 

4 PUX 29.30 0.00 3 0.00 0.00 3 
7.83 0.00 . 3 6.50 0.83 3 

MIN 29.07 0.83 3 -24.32 0.83 3 
7.77 0.83 3 0.00 0.00 3 

5 U&JC 28.87 0.00 3 -25.16 24.20 3 
7.80 0.00 3 20.94 12.10 3 

WIN -28.87 24.20 3 -139.06 12-10 3 
-7.80 24.20 3 -9.82 0.00 3 

6 )3AX -29.07 0.00 3 0.00 0.83 3 
-7.77 0.00 3 6.50 0.00 3 

MIN -29.30 0.83 3 -24.32 0:OO 3 
-7.83 0.83 3 0.00 0.83 3 

********+* END OF FORCE ENVELOPE FROM INTERNAL STORAGE 

User ID: mk 
--PAGENO. 8 

FX DIST LD 

90. LOAD LIST 4 
91. PRINT KWFORCI ENV 
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User ID: mk -- PAGE NO. 9 - COMPARATIVE WP LOADS 

W03969/GANTRY-ll/WP-COHPA W T E  PACKAGE 

MZHBER FORCE ENVELOPE ..................... 
ALL. W I T S  ARE KIP FEZT 

M AND UIN FORCt VALVES AMONGST ALL. SECTION LOCATIONS 

m eY/ 
FZ 

1 HAX 31.51 
8.58 

MIN 31.28 
8.52 

2 W 31.07 
a.39 

MIN -31.07 
-8.39 

3 13AX -31.28 
-8.52 

MIN -31.51 
-8.58 

DIST LD 
DIST LD 

llZ/ DIST 
MY DIST 

0.00 0.00 
7.13 0.03 

-26.16 0.83 
0.00 0.00 

-25.26 0.00 
22.49 12.10 

-147.25 12.10 
-10.43 0.00 

0.00 0.83 
7.13 0.00 

-26.16 0.00 
0.00 0.83 

4 nu 

MIN 

5 m .  

MIN 

12 W 0.21 .O.OO 4 0.03 0.00 4 
4.04 0.00 4 17.52 8.68 4 

KIN -0.20 8.60 4 -0.42 4.34 4 
4.04 8.68 4 -17.56 0.00 4 

.*******.* END OF FORCE ~ L O P t  FROM INTtRNAL STORAGE 

92. LOAD LIST 5 
93. PRINT KMFORCE LNV 
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Usmr ID: mk 
- - P A C E P I O .  10 COMPARATIVE WP LOADS - 

Wd3969/~RY-llIWP-COKPA W T E  PACKAGE 

ALL WITS ARZ KIP FEET 

rn AND HIN FORCE VALUES AXONGST ALL StCTION LOCATIONS 

DIST LD nZ/ 
DIST LD W 

DIST LD 
DIST LD 

0.00 5 
0.83 S 
0.83 5 
0.00 s 

24.20 5 
12.10 s 
12.10 s 

0.00 5 

0.83 5 
0.00 s 
0.00 S 
0.83 5 

0.00 5 
U.83 S 
0.83 S 
0.00 S 

0.00 s 
12.10 5 
12.10 5 
0.00 5 

0.83 5 
0.00 5 
0.00 5 
0:83 S 

0.00 5 
0.00 5 
4.34 S 
8-60 s 

0.00 5 
8.68 5 
4.34 5 
0.00 5 

FX DIST LD 

1 XAX 

U I N  

3 rn 

U I N  

********** !ZND OF PORCt ENVELOPE FR- INTERNU STORAGE '*o*ooo*o* 

94. LOAD LIST 6 
95. PRIMT XAXIORCE ENV 
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c o n P m T x n  WP LOADS - 
WO3969/GAHTRY-ll/WP-COWA 5RJTZ PACKAGE 

m E R  FORCE ENVELOPE ..................... 
ALL W I T S  JWI KIP FEET 

KAX AHD U I N  FORCE VALUES AHONGST ALL SECTION LOCATIONS 

nmS PI/ DIST LD / D I S T  LD 
FZ DIST LP m DIST LD 

1 1 D J (  41.75 0.00 6 0.00 0.00 6 
11.35 0.00 6 9.43 0.83 6 

KIN 41.52 3 . 8 3  6 -34.69 0.83 6 
11.29 0.83 6 0.00 0.00 6 

3  W -41.52 0.00 6 0.00 0.83 6 
-11.29 0.00 6 9.43 0.00 6 

KIN -41.75 0.83 6 -34.69 0.00 6 
-11.35 0.83 6 0.00 0.83 6 

DIST LD 

********** eM) OF FORCE EWELOPE FROU INTERNAL STORAGE **********  
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COMPARATIVE WP LOADS 
.- 

WO3969/CANTRY-ll/WP-COMPA VAfTt PAC=Z 

PROFILE 

97. FINISH 

For q u a a t ~ o n s  on STAAD-111, contact: 
Rormarch tnqineerr. Inc at . 

W m s t  C o a s t :  Ph- (714) 974-2500 Fax- (714) 921-2543 ' 
Lasr Coasc: Ph- (508) 688-3626 Fax- (508) 685-7230 * ......................................................... 
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12.0 STAAD-111 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 fiom 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 h e ,  and 
gantry structural frame. No structural connection of the waste package to the gantry exists 
in the longitudinal direction. Frictional forces developed by the waste package resulting on 
the lifting lugs will not be considered effective in uniformly distributing these longitudinal 
forces to the forward and rear gantry trolleys. Thus, to ensure the structural integrity of the 
gantry structural M e ,  hoist frame and trolleys, IW! of the longitudinal forces are applied 
to the forward lifting lug and trolley in design of the gantry structural h e ,  hoist fiame, 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-I11 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-I11 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-I11 input and output files. 
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Trolley S tmcan i  Analysis 

See STAAD III nm files 

"tro1y-If" for front trolley 

k1y- lbn for back trolley 

In direction of travel: Front trolley will be designed to resist 100% longitudinal loads, 5M 
vertical. and 50% lateral loads (Section 4.3.1 1 9). 

Back trolley will be designed to resist 500!  longitudinal loads, 5ObA vertical, and 50% lateral 
loads (Section 4.3.1 19). 
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Gantry Frame Sfrrtctural Analysis 

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

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

Centerlie of Gantry Fmmc 
Hoist Frame Position Above Top of Rail STAAD III File Name 

High position 1 19.9 inch "gantry-h" 

Mid-position 70.0 inch "gamy-m" 

Low position 33.0 inch "gamy-l" 
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LN= 6 LN: 7 

LOADING 6 ( NTF 1 LOADING 7 ( OPFL 1 

1.6 k 

STRUCTUIE DATA 

TYPE = SPACE 

H J *  7 

MI* 6 

LW 6 LN= 12 

LOADING 8 ( OPFT, 1 LOADING 12 ( CF 1 

62.9 k 

J=7n*6 WIT IMCH KIP 

S T A A D  P O I T - P L O T ~ V 8 t U I  DATE1 HAY 22.1997 

TITLEI BACK TRn.LEY COCPUTER HOOEL 



SELF X 1.0 LN: 13 

LOADING 13 ( EOF 

20.6 k 

S L f  2 -1.0 LN; 14 

LOADlNG 14 ( €OF 1 

J*7.M=6 UNIT -- FEE k l P  

S T A I D  ? 0 5 1 - ? 1 0 1 ( I I E V 1 ~ 1 )  OATEI H A Y  22.1997 

C 

P ' 

1 
I 
i; 

TITLEI BACK TROLLEV C W U I E R  HOOEL 

STRUCTURE WTCI 

TYPE = SPACE 

NJ = 7 

N t 4 s  6 
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13.0 STABILITY ANALYSIS 
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GANTRY STABILITY ANALYSIS 

gantry self'-weight 

h im suppon reactions of load w e  1 and 2 in STAAD III analysis " Gaany-H " 

G-Y wg@ load we 1 

Support joint wWWO 

Sub-total = 85.93 k 

96.77 kips I 2.205 kips per MI = 43.89 M ton 1 
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1. Hobt frame at high position by longitudinll dimtion forces ED. LTF and O P n  

Overrunring force and moment 

arm - distance fmm top of ntl to top of lift !us 4.051 m (159.5 in ), Eguw II - 6 

. loading No. Description force X arm = moment 

O ( in) @-in) 

4 IFD 19.60 X 159.5 = 3126.20 

5 LTF 24.80 X 159.5 = 3955.60 

7 OPFL 3.20 X 159.5 = 510.40 

Ma = 7592.20 k-in 

&stance force and moment 

arm = distance b s m e n  center of gantry columns. 8.619 m ( 339.3 inch), Figure II - 3 

support joint 1 13 

1oadingNo. € o m  Reaction force X arm =moment 

1 gafftry 21.49 X 339.3 - = 7291.56 

2 trolley 2.71 X 339.3 = 919.50 

3 WP 38.05 X 339.3 = 12910.4 

Suppon joint '123 

1 wm' 21.48 X 339.3 = 7288.16 

2 trow 2.7 1 X 339.3 = 919.50 

3 WP 38.05 X 339.3 = 12910.4 

MR = 42239.46 k k  
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2 a. Hoist frame at high position by transvent direction forces NTF and O P R  

Overturning force and moment 

loading No. Description overturn force X am = moment 

Oc) (in) 0th) 

6 NTF 70.80 X 159.5 = 11292.60 

8 .  O P R  2.90 X 159.5 = 462.55 

M m  a 11755.15 k& 
Ruistance force and moment 

arm = dktancc between catta of gantry columns. 2.646 m (104.2 in ), Figure II - 6 

suppon joint 123 

loading No. Desaiption R.umant force X arm = moment 

1 WW 21.48 X 104.2 =2238.22 

2 ~ U Y  2.7 1 X 104.2 = 282.38 

3 WP 38.05 X 104.2 = 3964.81 

Suppon joint 128 

1 m"w 21.48 X 104.2 - 2238.216 

M a  - 12970.82 k-in 

saficyhctor=M,/M, - 12970.82 / 11755.15 = 1.1 < 1.5 NOGOOD 1 
h@es position faik to provide safiry fhcmr Im;na owrwning of  1.5. 

b. Check hoist besm by transverse dircttioo forces NTF and OPYT in mid. position rrhkb 

is higher tb.n lifting poritfona . F i  II - 6 (70.0"+39.6~109.6" > 93.94" ) 

6 N"rE 70.80 X 109.6" = 7759.68 

8 OPm 2.90 X 109.6" = 317.84 

M o t  = 8077.52 k-ia 
1 i 

poritba of WP on Rasable Rail Car. Top lug to rail -1.38W1.0064.386 m (m.943 
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3. Hoist frame at high position by transverse dimtion forces OPFI' and SK 

Ovmurning force and moment 

loading No. Description o m  force X ann = mornern 

O ( in Oc*) 

distance fiom center Line of top beam of ganvy fiamc to top of rail = 3.099 m ( 122.0 inch), 

(Gantry Computer Modd-Members Diagram, Attachmax II, section 10.0 ) 

Ruiszance force and momern 

support joint 123 

lording No. Description Resisum force X arm =momau 

Support joim 128 

1 P w  2 1.48 X 104.2 = 2238.216 

2 m b  271 X 104.2 = 282.38 

3 WP 38.05 X 104.2 = 3964.81 

M. - 12970.82 k-ia 
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4. Habt frame at high position by longitudinal direction forca IFD, OPFL, WP EQF, and 

Individual member EQF. 

Ovemuning force zind moment 
loading Description ovmurn force X ' arm = moment 

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

7 .  OPFL 3.20 X 159.5 a 510.40 

EQF bysdf-wqht 

WP EQF 41.08 X 159.5 = 655226 

Trolleys 2.93 X 159.5 = 467.34 

Trolley drives 0.05 X 148.0 ** = 7.40 

Trolley m O.4lm X 142.0C* = 58.22 

Hoist h n c  drivts 0.43 l X 132.0 ** = 56.76 

Top beams 2.02 l X 122.0 ** = 246.44 

Hoist beams 0.31. X 119.9** = 37.17 

Electric control cabinets 6.70 X 114.0 ** = 763.80 

Cohrmru 3.47 + X 75.0 ** = 260.25 

Guiding channds 1.21 X 75.0 ** = 90.75 

Hoist~acws 0.43 • X 75.0 +* - 32.23 

Bogie drives 0.37 X 18.0 ** = 6.66 

Bogie houses 0.43 X 13.0 *. = 5.59 

Me 1 12964.99 k d  
~ f b i l 0 w i n g ~ S h a t .  

** disarm fiOm gTa* ctnter tinc of m e  to top of rail. (Ganty Comprta w- 
Dirsnm, II, section 10.0 ) 
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Resistance forte and moment 

suppon joint 1 13 

Io.ading No. Description Resisrant force X 

(k) 

1 .  W w  21.49 X 

Support joint 123 

Mm = 42239.46 kin 
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5. Hout fmme at high position by transvene direction forcer OPFT, WP EQF, a d  
individual member EQF. 
Ovmunring force and moment 

loading Description overturn force X arm = moment 

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

8 OPFT 2.90 X 159.5 = 462.55 

EQF by~&weight 

WP EQF 

TroUys 

Trolley drives 

Trolley screws 

Hoisr h e  drives 

Top beams 

Ed beanu 

EEoist beam 

Hoist beams 

E i d c  control cabineu 

C o b  

Grriding channels 

Hoistscrews 

Battombcams 

Bostom beams 

Wb#l beans 

Bogiedrives 

Bogie houses 

see foU0wing spnadshea 
~dismce~mgrrvitycmtaiinuofmanberto top ofrail (Gantry CompaaUodd- 
~ A t t r c b m c n t 4 ~ o n  10.0) 
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Resistance force and moment 

suppon joint 123 
loading No. Description Rcsinant force X arm 

(k) ( in 
1 nurW 21.48 X 104.2 

Support joint 128 

= moment 

= 2238.22 
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6. Hout frame at high position by longitudinal direction forem CF and O P m  

Overnun force and moment 
loading No. Description ovemun force X arm = moment 

Resistance force and mornun 

suppon joint 1 13 
loading No. Description ovemrn force X arm = moman 

1 &unry 21.49 X 339.3 = 7291.56 

2 mue~ 2.7 1 X 339.3 = 919.50 

3 WP 38.05 - X  339.3 = 12910.37 

Support joint 128 

1 W W  21.48 X 339.3 = 7288.16 

2 mue~ 2.71 X 339.3 = 919.50 

3 WP 38.05 X 339.3 = 12910.37 

M n  = 42239.46 k-in 
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Individual rnrmber EQF 

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

Weight of member = X-section area of member X length of member X 490 Ibl cf X number of 
uniu 

desdription X - d o n  length 
(sf) (ft ) 

trolley 

hoist beams 0.57 X25 .86  

hoist beams 0.15 X 7 85 

top beams 0.27 X 28.23 

end beams 0.75 X 7.18 

columns 0.69 X 9.50 

guidechannels 0.24 X 9.50 

bottom beams 0.14 X 22.30 

bottombeams 0 .23 .  X 7.55 

whedbcams 0.14 X 5.18 

Denstty weight number 
(kipsid) (Kips) Ofunits 

5.42 X 2 X 

X 0.49 = 7.22 X 2 X 

trolley diiv# 0.1 X 2 X 0.27 = 0.05 

hoist h 
drives 

bogiedriva- 

bogie housings 
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ATTACHMENT rn 

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.stee1 members) are 
available typically only in English units. Because of this, 
generally a l l  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 i a n d  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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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 rnm (30 in.) to 
attain the lowest profile and still have the wheel load capacity of a standard 
bridge crane wheel of that size. 

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

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

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

B. From Figure 7.4.3, outside dimension of Gantry is 11.7 19 m. 
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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 W P  
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 , 7.38 m -- = 3.69 m 
2 

Transfer dock face to end of Gantry = 1.0m 
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 1 m 
behind face of transfer dock. 

7. Reusable Rail Car unloading speed shall not exceed 7.6 mhin (25 Wmin) (Ref. 
4.4.5, pg. 80). Suggested slow bridge operating speed for 150-ton bridge crane 
is 7.6 mhnin (25 ftfmin). 

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 SOLUTIONS 

3.1 Transporter Wheel Load 

From Attachment I, Section 10, Parts: 

The maximum Transporter operating weight = 233.15 MT 
Round down to 233 MT (257.5 tons) 
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From 4.3.10: 

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

Minimum operating weight = maximum Transporter operating - maximum WP weight 

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

From Design Selection No. 1 : 

Maximum load on one of the two 4-wheel trucks is 55% of total operating weight. 

Converting to English units for wheel selection using English unit formula 

Maximum truck load = (0.55) (257.5 tons x 2000 Ib/ton) = 283,250 Ibs 

- 283.250 ibs = 70.8 13 lbs Maximum wheel load - 
4 wheels 

For the same truck: 

Minimum truck load = (0.55) (18 1.2 tons x 2000 Iblton) = 199,320 lbs 

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

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

From Ref. 4.4.5, pg. 49: 

The equipment durability wheel load Pe is: 

Pe = maximum wheel load x Kw 

where: Kw = wheel load service coefficient 
=KwxCSxS ,  

Kw = mean effective load factor 
C, = speed factor 
S, = wheel service factor 

From Ref. 4.4.5, pg. 33: 

- 2(maainum lod l  + (minimwn load) = 2(70.813 lbs) + (49,830 lbs) , 0 90 Kw - 
3 baxinum load) 3 (70,8 13 ibs) 
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From Section 4.3.27: 

The maximum speed for Transporter is 5 mph or: 

From Design Selection No. 5: 

The Transporter wheels are 30 in. diameter 

Wheel speed = I rev x 440 Wrnin. x 12 inlft = 56.0 rpm 
(n)(30)in. 

From Ref. 4.4.5, pg. 49: 

For rpm 2 3 1.5 

C, = 1 + (T"' - 'I.') = 1 + 0.075 = 1.075 
328.5 

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: 

The equipment durability wheel load Pe is then: 

Pe = maximum wheel load x KwL 

Pe = 70,8 13 1bs x 1.40 = 99,138 lbs 

For thls application, the basic allowable wheel load (Bd is indicated in Ref. 4.4.5, pg. 
47: 
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and is the product of 

B, = DWK 

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

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

From Design Selection No. 3: 

Transporter wheel hardness = 6 15 BHN 

From Section 4.3.24: 

The rail is 57 kglm (1 15 lbtyd) AREA 

From Attachment XII, Section 1. pg. 26: 

W = 2-29/32 in. - (2) (3/iM) 

= 2-29/32 in. - 24/32 in. 
= 2-5/32 in. = 2.156 in. 

Basic allowable wheel load is then: 

B, = DWK 
= (30 in.) (2.156 in.) (1727) 
= 111,712 1bs 

The durability wheel load (Pe) of 99,138 lbs is less than the B, of 1 1 1,7 12 Ibs. 

From Ref. 4.4.5, Table 4.13.3-4: 

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 mm (30 in.) diameter crane wheel with a 58 RC or 615 BHN hardness when 
used with a 57 kgfm (1 15 Ib/yd) AREA rail hardened to 320 BHN is sufficient for this 
application. 
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3.2 Door Operator Drive Selection 

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

From Section 4.3.18: 

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

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

Weight for one square meter of door: 

Materials Density Thickness Wtlm2 
Lkg/m3) (m) (kg/m2> 

B-poly 920 0.762 701 .O 
2 layers S/S 7949.7 0.010 79.5 
Carbon steel 7832 0.178 1394.0 

Total 2 174.5 kg/m2 

round up to 2 175 kg/m2 

Weight for each of the two area: 

Weight for three carbon steel door hinges: 

where: Do = outside diameter = 0.457 m 
D, = inside diameter = 0.178 m 
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Figure 1 
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WT = (2.36) (0.209 m2 - 0.032 mz) (0.260 m) (7949.7 kg/m3) 
= 863.4 kg 

round down to 863 kg 

Weight for door hinge pin: 

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

Total 10.0 1 1 kg 

3.2.2 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, = L/z (axial load) 
= L/z (10,011) kg = 5006 kg (1 1,036 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 A,) from & pin for 
Area A,: - 

From Ref. 5.29, pg. 3-18: 

n e  center of gravity for a quadrant of a circle: 
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In this case, r = 1.46 m 

CG of A, from & pin = 1 .SO0 m - 0.62 m 
= 0.88 m 

For Area A,: 

1.460 m A, is a rectangle and X, =- = 0.730 m 
2 

CG of A, from 6 pin = 1.500 m - 0.730 m 
= 0.77 m 

EM = 0 at t of pin 

F, (1.15 m) = (0.88 m) (WTA,) +(0.77 m) (WTA,) 
= (0.88 m) (3641 kg) + (0.77 m) (5133 kg) 
= 3204 m-kg + 3952.4 m-kg 
= 7156 m-kg 

F, = 6223 kg, round up to 6225 kg 

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

3.25 Door Hinge Friction 

From Ref. 5.29, pg. 3 4 8  to 349: 

Torque from single journal bearing: 

M, = f P r (in-lbs) 

where: P = total load of journal (lbs) 
r = radius of journal (in.) 
f = frictional coefficient . 

Torque for single thrust bearing: 

MT = l/3 f L (W-d3)/(W-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 
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From Ref. 5.29, pg. 3-40, Table 1 : 

For hard steel on lubricated graphite 
For static condition: f = 0.09 

Converting to English unit for use in formula 

178 mm r =- in. 
X- = 3.5 in. 

2 25.4 mm 

M, = f p r = (0.09) (13,724 lb) (3.5 in.) 

M, = 4323.1 in-lb per bearing 

= '/3 (0.09) ( 1  1.036 lb) (5832 - 343) in' 
(324 - 49) in2 

= (331.1) 5489 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-Ib + 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. 

Gearmotor selection criteria: 

1 .  2 1,870 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. 



ATTACHMENT m 
Title: Preliminary Waste Package DI: BCA000000-017 17-02OO-00012 REV 00 

Transport and Emplacement Equipment Design Page: ILI- 13 of III-2 1 

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 wormgear motor is selected with output speed = 1 rpm. Output 
torque = 23,200 and a SF of 1.6. Both torque and SF exceed the selection criteria 
selection for door gearmotor. 

Door operator gearmotor selection 

SEW Eurodrive helical-wormgear motor S92R62 wl0.75 hp DT80K4 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 VlL mounting position 3.2 gals at 7.5 lblgal = 24 lbs 

Total weight 43 1 1bs 
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 the 
emplacement drift (see Figure 3). 
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33.2 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 lblton). 

From Attachment IV, Section 3.2: 

Maximum Rail Car operating weight = 80 MT 

2.205 lb 1 ton Roll Resistance (Loaded) = 20 Iblton x 80,000 kg x - x - = 1764 lb 
kg 2000 lb 

2.205 lb 1 ton Roll Resistance (Unloaded) = 20 Iblton x 1 1,000 kg x- x- = 243 1bs 
kg 2ooofb 

33.3 Incline Force 

From Section 4.3.8: 

Maximum grade in emplacement drift = 0.75% . 

Drift angle = arc tan 0.0075 = 0.43" 

2 205 lb Incline Force (Loaded) = 80,000 kg x - x sin 0.43 * = 1324 lb 
kt? 

2 205 lb Incline Force (Unloaded) = 1 1,000 kg x - x sin 0.43" = 182 1b 
kt? 

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 neghgible. 

Push bar force = roll resistance + incline force 
= 1764 lbs + 1324 Ibs 
= 3095 lbs 
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3.35 Push Bar Force Summary 

Rolling Resistance Incline Force Push Bar Chain Force 

Rail Car Loaded Empty Loaded E m ~ t y  - Total - EA 
Condition (lb) (lb) (lb) (Ib) (lb) (lb) 

Emplace loaded 1764 NIA 1324 NIA +3088 +I544 

Retrieve loaded 1764 NI A 1324 NI A -440 -220 

Retrieve empty NIA 243 NIA 182 +6 1 +3 1 

3.3.6 Rigid Chain Selection 

Maximum rigid chain compression force = 1544 Ib, round up to 1600 Ib 

Changng to metric units for catalog selection: 

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

From Attachment XII, Section 5, pg. 5 and 6: 

Single row, 60-rnm 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. 

L 

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 XII, Section 5, pg. 6,8, and 9: 

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

For a 180" drive housing, use 2 EA 90" drives for a total weight of 240 kg. 
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33.7 Chain Drive Power Requirement 

From Attachment X, pg. X-8: 

Torque = Jbrce x chain pitch 

ef f  

Maximum chain force = 726 kg (1600 lbs) 

Chain pitch = 90 mm (3.54 in.) 

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

, (1600 lbs) (3.54 in.) = 7080 in-lbs Torque - 
0.8 

Horsepower = rorque (in-lb) x shafl speed (rpm) 
63000 x eff 

From Design Selection No. 7: 

Rail Car unloading rate is 7.6 rn/min. ,(25 ft/rnin.) 

From Attachment XII, Section 6, pg. 9: 

For 90-mm pitch drive, 1 rev is 540 mm (2 1.3 in.) of chain. 

Drive speed = 25 ft/min. x x = 14 rprn 
21.3in. j? 

Horsepower is now: 

HP= (7080 in - 1 . )  (14 rpm) 
63.000 x 0.8 

Note: eff = 0.8 is within the range of combined motorlreducer 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 rprn 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. 5 hp minimum 

From Attachment XII, Section 6, pg. 7: 

For right-angle helical gear motors, select: 
AGMA Class I1 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/DTlOOLA motor 
13 rpm output, 2.2 service factor 
24,200 in-lb of torque 

Rigid chain drive gearmotor selection: 

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

Refer to Attachment MI, 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 wDT100 weight is 624 lbs 

Item - - Wt 

Gear motor 624 Ib 
Lube (8.5 gal x 7.5 lblgal) 64 Ib 

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

Total length of magazine: 

3.3.11 Rigid Chain Magazine Weight 

From Figure 4: 

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

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

Magazine surface area: 

From Ref. 4.4.1, pg. 6-8: 

Density of cold-drawn steel = 490 lb/ft3 

Converting to metric units: 
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For the thickness of 3.18 mm, the density per m2 is: 

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

Rigid chain weight: 

From Attachment XII, Section 5 spec sheet page 6: 

Type 90 SG rigid chain weight is 32 kg/m 

Rigid chain weight = (12 m) (32 kglm) = 384 kg 

Total magazine weight for each: 

Rigid chain 384 kg 
Magazine - 194 

Total = 578 kg 
Misc. support (10% of total) 2 

'Total = 635 kg 
round down to 630 kg 
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ATTACHMENT TV 

REUSABLE RAIL CAR - MECHANICAL EQUIPMENT SELECTION 

NOTE: A requirement for this andysis 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 
Enghsh 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 fmt in Metric units 
followed in parentheses ( ) by the corresponding English 
units. 
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REUSABLE RAIL CAR - MECHANICAL EQUIPMENT SELECTION 

1.0 PURPOSE 

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

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

2. Rail car wheel and axle selection. 

3. Verify the capacity of the 44.6 kg/m (90 lblyd) ASCE rail for the rail car 
application. 

2.0 INITIAL DESIGN SELECTION 

No. Input Description 

1. From a preceding analysis (Ref. 5.9,  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 m) 

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 wheeYaxles 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. Brine11 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 condtions. 
(Attachments V and IV) 

3.0 SOLUTIONS 

3.1 Rail Car Empty Weight 

Determine rail car empty weight based on: 
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A. Rail car dimensions in Figures 1 and 2. 

B. Rail car fabricated from A36 steel with a density of 490 lb/ft3 (Ref. 4.4.1, 
pg. 6-8). 

C. Standard wheeYaxle 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 WheeYAxle Support Assembly A (Figure 4) 

Determine volume of individual components (refer to Figure 5). 

1. Plate : 25 mm (1 ") thick 

Area = (45 mm)(2)(735 mm)+2 (?h)(423 mm)(735 rnrn) 
= 66,150 mm2 + 310,905 mm2 
= 377,055 mm2 

Volume = (0.377 m2)(0.025 m) = 9.4 x lU3 m3 

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

Area = (as - - (710 mm) = 264,475 mm2 = 0.264 m2 

Volume = (0.264 m2)(0.038 m) = 10.0 x l a 3  m3 

3. Plate: 25 mm (1 ") thick 

Volume = (0.11 m2)(0.025 m) = 2.75 x m3 

4. Plate: 25 mm (1 ") thick 

Area = (163 rnrn)(58 mm) + %(58 rnm TAN 30°)(58 mm) 

Area = (1 63 mm)(58 mrn) + %(33 mm)(58 rnrn) 
= 9454 mm2 + 957 mrn2 
= 10,411 mm2 
= 0.0104 m2 
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Volume = (0.0104 m2)(0.025 m) = 0.26 x m3 

5.  Plate: 25 mrn (1") thick 

Area = (%)(I48 mm)(257 mm) 
= 19,018 rnm2 
= 0.01 90 m2 

Volume = (0.0 190 m2)(0.025 m) = 0.48 x 10" m3 

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

From Ref. 5.33, Pg 6: 
Lrwin Car and Equipment 
Model No. TA-104 thru axle wheel assembly 
Capacity: 15 ton 
Approximate weight: 695 Ibs (3 16 kg) 

Determine density for structural plate steel in metric units: 
From Ref. 4.4. I ,  Pg. 6-8: 
Density of rolled steel = 490 Ib/ft3 

Converting to metric: aw E x  Ax frJ 2.205 

Assembly A Volume and Weight Summary 

No. Des. Q&J - - Vol. Density Wt. EA. Total 
(m3 x 1 0-3) (kg/m3) (kg) (kg) 

1. E 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. E 2 0.26 7849 2.04 4.1 
5. E 2 0.48 7849 3.77 7.5 
6. Assem. 1 -- -- 316.0 - 3 16.0 

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 rnm thick) 
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Area = (952 mrn) = 476,000 mm2 = 0.476 m2 
2 

Volume = (0.476 m2)(0.025 m) = 11.9 x lo-' m3 

2. Plate (25 mm thick) 

Area = (45 rnm)(2)(708 mm) + 2 ('/2)(407 mm)(708 mm) 
= 63,720 mm2 + 288,156 rnm2 = 351,876 mrn2 
= 0.352 m2 

Volume = (0.352 m2)(0.025 m) = 8.8 x lo-' m3 

3. Plate (25 mm thick) 

Area = ( 1470 mm)(952 mm) = 1,399,440 mm2 = 1.4 m2 

Volume = (1.4 m2)(0.025 m) = 35.0 x lo-' m3 

Assembly B Volume and Weight Summary 

No. Des. - Val. - Density Wt. EA. Total 
(m3 x lo-') (kg/m3) (kg) (kg) 

1. 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) 

Determine volume (refer to Figure 8): 

1. Plate (25 mrn thick) 

Area = (555 rnrn) sos - - - = 277,500 mm2 = 0.28 mZ ( l6 2 -1 
Volume = (0.28 m2)(0.025 m) = 7.0 x lo-' m3 

2. Plate (25 mm thick) 

Area = (1470 mm)(555 mm) - (228 mrn)(152 mm) 
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Volume = (0.78 m2)(0.025 m) = 19.5 x 10') m3 

Assembly C Volume and Weight Summary 

No. Des. - Val. - DensiR Wt. EA. Total 
(m3 x lom3) (kg/m3) fig) (kg) 

1. Plate 2 7.0 7849 54.9 109.8 
2. PIate I 19.5 7849 153.1 153.1 

Total Assembly C = 262.9 kg 
Round up to 265 kg 

3.1.4 Cradle Plate D (38 rnm thick) (Figure 9) 

Determine volume and weight: 

Note: Cutouts for axles are not considered for a more conservative weigh! 
estimate. 

Area = (2)(0.88 m)(5.998 m) = 10.56 m2 

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

Weight = (0.40 m3)(7849 kg/m3) = 3 139.6 kg 

Total Weight Plate D = 3 139.6 kg 
Round up to 3,140 kg 

3.15 End Plate E (76 rnrn 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 m2 

Volume = (0.96 m2)(0.076 m) = 73.0 x 10-3 m3 

Weight = (73 x l u 3  m3)(7849 kg/m3) = 573.0 kg 
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Total Weight End Plate E = 573.0 kg, round up to 575 kg 

3.1.6 Towing Eye Plate F (50 mm thick) (Figure 9) 

Determine volume and weight: 

Area = (1624 mm)(304 mm) - (152 mm)(152 mrn) - '(76y2 
= 493,696 rnrn2 - 23,104 rnrn2 - 4537 mm2 
= 466,055 rnm2 = 0.466 m2 

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

Weight = (23.3 x m3)(7849 kglm3) = 182.9 kg 

Total Weight Plate F = 182.9 kg 
Round up to 185 kg 

3.1.7 Rail Car Empty Weight Summary 

Assembly A Volume and Weight Summary 

No. - - Des. @Y Wt. EA. Total 
(kg) (kg) 

1: Assembly A 4 720 2,880 

2. Assembly B 3 530 1,590 

3. Assembly C 2 265 530 

4. Plate D Cradle 1 3,140 3,140 

5. End PIate E 2 575 1,150 

6. Towing Eye Plate F 2 185 - 370 

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

Total Rail Car Empty Weight = 10,626 kg 

Round up to 1 1,000 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 lblkg 
= 176,400 1bs 

From Design Selection No. 2: 
The Rail Car is designed with4 axles and 8 wheels. 
All 8 wheels are equally loaded 

Weight per wheel = L76.400 Ibs = 22,050 lbs 
8 = 1 1.03 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 wheeVaxle load for a rail gauge of 1.44 m. 

Selection: 

Irwin Car and Equipment, Model No. TA-104, thru axle assembly, 1.44 m (56% 
in.) rail gauge, tapered roller begings, 356 rnm (14 in.) diameter wheels. 695 
Ibs approximate weight. 

3.5 Rail Size Verification 

From Section 4.3.25: The Rail Car rail is 44.6 kg/m (90 lblyd) ASCE rail 

From Ref. 4.4.5 (Section 4.13.3, page 47): 
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The tabulated allowable wheel loads for various diameters, hardness and rail 
application are determined from the product of: 

D x W x K  

where: D = diameter of wheel (in.) 
W = effective width of rail (in.) 

% 0J3 for wheel hardness, BHN greater or equal to 260 K =  l m (  260) 

From Ref. 4.4.5 (Table 4.13.3-4, pg. 50): 

The effective width of rail is defined as the width of the rail head minus comer 
radii 

From Design Selection No. 4, wheel hardness = 320 BHN 

and: K = im (E))"' = ( 1300)(1.23)0.33 

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

w = (15 ton) (2oof3 Man) 

( K )  (D) 

- - 30.000b = 1.54in. 
(1391) (14 in.) 

From Attachment XII ,  Section I ,  page 19 for a 44.6 kg/m (90 lblyd) ASCE rail: 

Rail head width = z5/a in. 
Comer radii = 511 6 in. 

W = effective head width = Z5/a in. - 2(5/16) in. 
= 2 in. 

The W of 2 in. for the 44.6 kglm (90 lblyd) ASCE rail is greater than the 
minimum required W of 1.54 in. and is adequate for this application. 
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ATTACHMENT V 

GANTRY LOADS AND EQUIPMENT SELECTIONS 

NOTE: A requirement for this analysis is that quantities be 
represented in Metric units. Quantities and values derived 
in the main body of this analysis are presented in this 
manner. In the case of values canied 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 h a l  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 fust 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: 

Gantry wheel size 
Traversing drive 
Lifting screw size 
Lifting screw dnve 
Lifting head trolley screw size selection 
Lifting head drive selection 
Lifting head roller selection 
Gantry racking forces 

2.0 INITIAL DESIGN SELECTIONS 

The following is a summary of the initial selections used in and verified by this 
calculation. 

No. Input Description 

Weight of the gantry structure shall be 45 MT. (Attachment 11, Section 1.1) 

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. 

BrineH 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. 

Gantry wheel diameter shall be 400 rnrn, which is a manufacturer's standard 
size for applications with similar loading (Ref. 5.38 Section 8.1, pg. 20). 

The maximum gantry speed shall be 0.76 rn/sec (150 ftlmin) (Ref. 4.4.2, 
Section 5333.1). The design tolerance for a design rated load speed shall be 
- 10%. 

Wind loads are not applicable to Gantry operation since the Gantry is operated 
underground. 
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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 Wmin) (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. 
Wmin for the minimum load of 3 tons, which exceeds the weight of the lifting 
head trolley and suffices for this application. 

1 1. Lifting head trolley acceleration shall be 0.30 m/secz (1 ft/sec2) (Ref. 5.18, Pg. 
11 1). A low rate of acceleration will pennit 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 Wmin (Ref. 4.4.2, Table NOG- 
5331.1-1). 

3.0 SOLUTIONS 

3.1 Traversing Wheel Selection 

Based on procedure outlined in Ref. 4.4.5. 

A. Allowable Wheel Load 

From 4.3.10 
Max. weight of waste package = 69 MT 
Min. weight of waste package = 30.5 MT 



Title: Preliminary Waste Package 
ATI'ACHMENT V 

DI: BCA000000-0 17 17-02OO-00012 REV 00 - 
Transport and Emplacement Equipment Design Page: V-4 of V- 17 

From Design Selection No. 1 
Weight of gantry structure = 45 MT 

Total max. weight = WP weight + gantry weight 
=69.MT+45MT= 114MT 
= 1 14,000 kg 

Total rnin. weight = 30.5 MT + 45 MT = 75.5 MT = 75,500 kg 

From Design Selection No. 2, there are 8 wheels 

Max. wheel load = 14.000 kg = 14,250 kg/wheel 
8 

Min. wheel load = 75v500 kg = 9437.5 kg/wheel 
8 

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

BWL = KDW (Ibs) 

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

BHN = 1300 (%) 

BHN = Brine11 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 Ib ASCE rail 

W = z5/i in. - 2 x 5/16 in. = 2 in. 

BWL = KDW = 1392 x 0.4 m x 3.28 ft/m x 12 in./ft x 2 in. 
= 43,83 1 lb 

BWL = 43,83 1 x 0.453 kgtlb = 19,856 kg 
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B. Durability Wheel Load 

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

- 2 (maximum 1 0 4  + (minimum load) Kw - 
3 (maximcun load) 

K~ = 2 (14250 k g )  + (9437.5 kg)  = 0 887 
3 ( 1  4250 kg)  

From Design Selections No. 4 and No.5: 

Wheel speed = 150 flmin = 36.4 rpm 
3.28 f l m  x x x 0.4 drcv  

From Ref. 4.4.5, Pg. 49 
For speed factor C ,  for rprn r 3 1.5 

C s = l +  RPM - 31.5 
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, K, 

K,= 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 K, 

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

where: 

Ka = acceleration factor for motor type 

Ks = service factor which accounts for the type of drive and duty 
cycle 

Ks = 1.2, Ref. 4.4 5 (Pg. 61 for an adjustable 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. 

J 

Ka = 8 x t Z  (Pg. 59) 
33,000 x Kt Nf 

where: 

f = rolling friction 
f = 15 lbslton (Pg. 6 1, 15 in. wheel) 
a = average acceleration rate 

= 1.0 ft/sec2 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 + 11'7.5 = 1.18 (Pg. 59) 

g = 32.2 ftlsec2 (Pg. 59) 
E = mech eff. = 0.9 (Pg. 59) 
Nr = rated speed of motor at full load 

= 1750 rpm 
Nf = free wheeling speed = 1750 rpm 
Kt = acceleration torque factor 
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= 1.5 (Pg. 60) 

For adjustable voltage dc shunt wound motors 

Note: The worst case NrNf = 1 was used. 

Motor HPA = 0.0019 x 125.7 x 150 x 1.2 = 43.0 
Since there are 4 motors: 
Motor HP, = %? = 10.7 HP per motor 

4 

B. Incline Horsepower 

Horsepower for moving up the drift incline (HP,) 

From Ref. 5.45. Pg. 26: 

~ p ,  = incfine force x velociry 

33.000 

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

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

Since there are 4 motors: 

HP, =g = 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 

HP, = 0.75 (HP, + HP,) Ks 

where: 
Ks = 1.2 (Pg. 61) 
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Since the calculated HPA already has Ks Factored in, HP,can be 
rewritten: 

HP,= 0.75 HP, + 0.75 HP, x Ks 
HP,= 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 ='0.9=3.96 

2.75 

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

From Ref. 5.21, Pg. C-41: 

Fdr 5 HP, 500 VDC, 1750 rpm, a C 18 1 1 ATZ 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 
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A 25030tN U.S. Gear Reducer is selected. Dimensions of this reducer 
are given on Pg. D-125. Weight of this reducer is 193 Ibs. This reducer 
will require a C-face flange adaptable to the 180TC C-face motor 
bracket. 

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

Round to 400 lbs for suuctural analysis 

Due to lower gearmotor output speed, Gantry speed will be less than 150 
Wmin. 

Gantry Speed = wheel speed x 3.28 Wm x x x wheel diameter 
= 35 revlmin x 3.28 Wm x x x 0.4 rnlrev 
= 144 Wmin 

This speed satisfies the 210% 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 in -1b 
3887 fb 

= 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: 

Choose a 140-pitch, 17-tooth sprocket PD = 9.524 in. I 
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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 = r9 *: 1.2S 

= 20.1 MT (442 1 8 Ib) 

From Attachment XII, Section 2, Pg. 19: 

For life expectancy of 1 x lo6 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 44,218-1b load, the bearing 
inside diameter must be 3.937 in. 

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

Estimate lifting screw weight for structural analysis: 

From Design Selection No. 8: 

Max. lift = 2226 rnm (87.6 in.) 

From Attachment XII, 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.Attachrnent XJI, Section 2, Pg. 26: 

Wt for 4" ball screw = 2.87 lb/in. 
Total wt = (100.2 in.) (2.87 Ib/in.) = 288 Ibs 
Wt for 4" ball nut = 53.5 lbs 
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Total wt for ball screw and nut = (288 lbs + 53.5 lbs) 
= (341.5 lbs) 154.9 kg 

allowing an additional 25% for end bearings 

Total lifting screw wt = (1.25) (341.5 Ibs) = (426.9 lbs) 193.6 kg 
Round off to 195 kg (430 Ibs) 

3.4 Lifting Screw Drive Selection 

A. Screw Drive 

From Attachment XII, Section 2, Pg. 26. 
Screw lead = 1 .O in. x 25.4 d i n .  = 25.4 rnrn 

From Ref. 4.4.2, Pg. 50: 

Slow lifting speed for a 69 MT (76 ton) load gantry is 6 Wrnin. or 1.83 
m/min. 

From Design Selection No. 8: 
Maximum lift = 2226'mm 

Using a lifting time of 3 rnin. 
Lifting rate = 2226 mm/3 rnin. = 74 mm/rnin. (2.43 Wmin.) 
2.43 Wmin is well under the slow rate of 6 ftlmin. 

0.74 dmin  = 29.0 rpm ' Screw speed = 
0.0254 d r ~  

From Attachment XII, Section 2, Pg. 14: 

Torque = 0.177 x load x screw lead 
= 0.177 x 44218 lbs x 1 in. = 7827 in-lb, rounded to 7830 in-lb 

screw HP = operating load x screw lead x screw speed 

3.564 x 1@ 

- 44218 lb x I in. x 29.0 rpm - 
356,400 

Using a gear reducer efficiency of 90% and a chain drive efficiency of 
90% Screw HP = -- 3.6 - 4.4 

0.9aO.9 
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Since a shunt-wound motor will provide 150% of rated torque at rated 
4.4 speed, motor rated HP = - = 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 rprn output is the nearest speed (compared 
to 29 rpm), AGMA Class 1 (3-10 hours per day operation) S.F. = 1.0 

A 24030t.N 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 (1 18 Ib) 

From Ref. 5.2 1, Pg. C-41: 

For 3 HP, 500 VDC, 1750 rpm, a C 18 1 1ATZ 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 h s  drive = 175 Ib + 118 Ib = 132.9 kg (293 Ib) 
Round up to 500 Ib for structural analysis 

From Ref. 5.23, Pg. D-32: 

For 7.5 HP, 1750 input rpm, 28 rprn output is the nearest speed (compared 
to 29 rprn), AGMA Class 1 (3- 10 hours per day operation) S.F. = 1 .O 

A 25030t.N 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) 

KWATAUNALSU'TT'TTV. I~ (WIZ~~~Z~Z)  
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From Ref. 5.21, Pg. C-41: 

For 7.5 HP, 500 VDC, 1750 rpm, a C18 1 1ATZ motor frame is selected. 
Dimensions of this motor are given on Pg. C-139. This motor will be 
fitted with A 1 80TC C-face bracket. 

Motor weight = 79.4 kg (175 1b) 

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

B. Chain Drive for 3 HP Gearmotor 

From Ref. 5.23, Pg. D-28: 
Overhung load = 3 146 lb 
Output torque = 6,427 in-lb 

Sprocket radius = 6427 = 2.04 in. 
3146 Ib 

:. Any sprocket with PD greater than 4.25 in. is satisfactory 

From Ref. 5.24, Pg. A-38: 

~or'crane and hoist, load classification is Class C with a SF = 1.7 

Speed = 28 rpm 

Ref. 5.24, Pg. A-40 for 7.5 HP: 
Sprockets are 140 pitch, 17 teeth 

From Attachment XlI, Section 3, Pg. E-75: 
Pitch diameter of a 17-tooth, 140-pitch sprocket = 9.524 in. 

Max. bore = 3 in. This bore is sufficient for both gearmotor and ball screw 
shafts. 

Chain Drive for 7.5 HP Gearmotor 

From Ref. 5.23, ~ g .  D-32: 
Overhung load allowed = 4 12 1 lb 
Torque = 15,889 in-lb 



ATTACHMENT V 
Title: Preliminary Waste Package DI: BCA00000e017 17-020040012 REV 00 

Transport and Emplacement Equipment Design Page: V- 14 of V-17 

Sprocket radius = 1 5 7 8 8 9  in-ib = 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% in., which is sufficient for the gear motor and the 
bail 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 0.3 = 10.35 MT 
2 

= 10.35 MT x 2205 Ib/MT 
= 22,82 1.8 Ib; round off to 23,000 lb. 

From Attachment XU, Section 2, Pg. 19: Select a 2.25 in. Saginaw ball screw 
with a 1 " (25.4 mm) lead 

Determine traversing screw wt: 

From Attachment XII, Section 2, Pg. 26: 

Weight of 2.25 in. diameter ball screw is 0.906 Iblin. To allow for ball nut, end 
bearing and miscellaneous supports, increase ball screw wt by a factor of 2. 
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Wt per foot = (2) (12 in/ft) 0.906 Ib/in = 22 1b/in. 
Round off to 30 Iblft 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 W P  length = 2060 mrn 

From Section 4.3.17: 
WP end skirt is 225 mm at both ends of the WP. Allowing 200 mm for travel at 
both ends. 
Total Travel = 2060 rnrn + 2 x 200 rnrn = 2460 mrn 

Since there is a takeup at each end of the W P  

Takeup travel = 2460 = 1230 rnrn 
2 

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

Lifting head travel speed = 1230 nvn x 60 sedmin 
15 sec 

,4920 mmlmin , Screw speed - - 193 rpm 
25.4 mmfrev 

From Attachment II, Section 13.0: 

Weight of trolley plus lihng head = 5,420 1b - 

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. 1 1: 

Acceleration of Trolley = 1 ft/sec2 
Acceleration Force = 5420 Ibrn x 1 -0 ft/sec2 = 168 Ib 

lbm ft 32.2 - - 
ibf sec2 
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Total Screw Load = ( 168 lbs + 163 lbs) = (33 1 lb) 150.1 kg 

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

= 0.177 x 33 1 Ibs x 1 in. = 58.6 in-lb 

HP to turn lifting head screw at 193 rpm 

HP =force x screw lead x speed = 331 lbs x 1 in. x 193 rpm = 0.2, 1l3 HP 
3.564 x 1@ x 0.9 356.400 x 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, '/3 HP 

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

Lifting head trolley travel speed = I % x Ig8 """ x 0.3048 dft = 4.77 mlm..  
rev 12 in@ 

From Ref. 5.21, Pg. C-4: 

For $/3 HP, 1750 rpm, a SG56HC motor frame is selected. Dimensions of this 
motor arergiven on Pg. C-20. This motor is normally a C-face motor. Voltage is 
90 V armature, 100 V field. 

i 

From Ref. 5.21, Pg. C-17: 

Motor weight = 3 1 lb 

Total drive weight = 42 1b + 3 1 lb = (73 Ib) 33 kg 
Round to (100 Ib) 45.4 kg for structural analysis 

3.7 Lifting Head Roller Selection 

From Section 4.3.1 1: 
Waste package weight = 69 MT = 152,145 lb 
Load carried per lifting head = 152*145 lbs = 76,072 Ib 

2 

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

Lifting head roller load = 76,072 lbs + 5000 1bs = 20,268 lb 
4 
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From Attachment XII, 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 = 767072 lbS + " = 13,5 12 lbs 
6 

From Attachment XII, Section 7, Pg. 2: Roller selection is Hilman 8-OT. 1 
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 CARRTER WEIGHT AND WHEEL SELECTION 

NOTE: A requirement for this landysis 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 withm 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 fmt 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 

1 Weight of gantry structure shall be 45 MT, Attachment 11, 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 Vm, Section 2.1 

4 Gantry carrier wheel hardness shall be 320 BHN. 

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

6 Gantry catrier rails shall be 57 kglm (1 15 Iblyd) AREA rail. 

3.0 SOLUTION 

3.1 Gantry Camer Weight (Figures 1 and 2) 

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

From Fig. 4: 

3. Wheel truck - 4950 kg (Attachment Vm) 

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

From Fig. 6: 

R U ) A T A U N M S W ' T - - V L m 1  (Slm 



ATTACHMENT VI 
Title: Preliminary Waste Package DI: BCAOOOOOM)1717-020MX)O12 REV 00 

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

2. 90 lblyd rail = 30 lblft x 1.488'" = 44.6 kg/m 

Rail weight = 1 1.42 m x 44.6 kg/m = 509.33 kg 

From Fig. 10: 
3. Wheelstops 0.0045m3 

(1) (2) (3) (4) (5) (6) (7) 
Item Des. Qfy, Val. - Densitv Wt. Ea. - Total 

m3 kg/m3* kg (4)x(5) kg (3)x(6) 

A-1 PL 2 0.059 7849.8 463.1 926.3 
A-2 PL 2 0.053 7849.8 4 16.0 832.0 
A-3 Assm. 2 7849.8 4950.0 9900.0 

B-1 PL 1 1 .O 124 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 20-694-6 k 

C. ~ r k e  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 m3 
4.172mx0.0276m2 =0.1151 m3 

0.672 m x 0.254 m = 0.171 m2 
0.672 m x 0.382 m = 0.257 m2 
0.672 x 0.652 m = 0.219 m2 

2 

0.254 m x'1.038 m = 0.263 mZ 
0.91 m2 x 0.018 m =0.0164 m3 x 2 

= 0.0328 m3 
0.09 16 m3 
0.1151 m3 

Total volume of side frame = QJ395 m3 

2. Outside structural member (30 required) 
1.001 m x 0.0158 m2 = 0.0158 m3 
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3. Inside structural member (14 required) 
0.592 m x 0.0158 mz = 0.0094 m3 

4. Coupler support assembly 
0.592 m x 0.0178 mZ = 0.0105 m3 
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) (2) (3) (4) (5) (6) (7) m & & y  - Vol. Density Wt. Ea - Total 
m3 kg/m3* kg (4)x(5) kg (3)x(6) 

C-1 WF 4 0.2395 7849.8 1880.0 7520.0 
C-2 WF 30 0.0 158 7849.8 124.0 3720.0 
C-3 WF 14 0.0094 7849.8 73.8 1033.2 
C-4 Assm. 1 0.0197 7849.8 154.6 154.6 

Total Weight of Frame s'upport Assembly = l2&zu 

D. Gusset Plate 

From Fig. 9: 
0.1389 mZ x 0.025 m = 0.0035 m3 x 7849.8 kg/m3 x 22 = 604.4 kg 

E. End Plate 

From Fig. 9: 
3.546 rn x 0.559 m x 0.051 m = 0.101 1 m3 x 7849.8 kg/m3 x 2 = 1587.2 kg 

F. Coupler 

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

Coupler box plates from Fig. 9: 
0.4 m x 0.353 m x 0.05 1 m = 0.0072 m3 x 2 = 0.0144 m3 
0.172 m x 0.353 m x 0.051 m = 0.03 1 m3 x 2 = 0.0062 m3 

0.0206 m3 
x 7849.8 kg/m3 = 161.7 kg 

79.0 kg 
240.7 kg 
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Total car weight 

Assembly A&B 20,694.6 kg 
C 12,427.8 kg 
D 604.4 kg 
E 1,587.2 kg 
F m 

35,554.7 kg 

Weight of gantry carrier = use 36,000 kg 1 
3.2 Gantry Carrier Wheel Selection 

From Attachment II, 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 = 45 MT + 36.0 MT = 10.1 
8 

Minimum wheel load =36.0 = 4.5 MT 
8 

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

Kw = 2 (mrrrimwn load) + (minimum load) = Z(10.1 MT) + 4.5 MT = 0.82 
3 (marimurn load) 3(10.1 MT) 

From Ref. 4.4.5, Pg. 49: 
Wheel load service coefficient, K, 

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

From Ref. 4.4.5, Pg. 49: 
Since wheel speed is > 3 1.5 rpm 

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

where: K = hardness coefficient of the wheel when BHN r 260 

BHN 0J3 K =  1300(=) 

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 1 15 Ib/yd AREA rails 

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

Comer radius - 3h in. 

W = 2-23/32 - 2 x 3/a = 1.97 in. 

BHN = Brinell hardness 

From Design Selection No. 4: 
BHN = 320 
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B, = 1392 x 30 in. x 1.97 in. 
= (82,270 Ib) 37,020.0 kg 

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

Pe = maximum wheel load x K, 
= 10.1 MT x 1.27 = 12.8 MT (28,3 1 1  Ib) 

This load is compared to the basic allowable wheel load, B, = 82,270 lb. 
:. the 30 in. diameter wheel and 1 15 lb AREA rail is satisfactory. 
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GANTRY C R A N E  C A R R I E R  
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 
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 
Enghsh 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 dnft 
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-meter curve in drift access turn out. 

2.0 INITIAL DESIGN SELECTIONS 

No. Input Description 

1. The following rolling resistance and adhesion data is from 
(Attachment XII, Section 4, Section 4068) aid  are used in 
Attachments III through VII: 

Rolling resistance for rail cars with ball or roller bearings is 
20 lblton (10.02 kg/MT). 
Locomotive running adhesion of driving wheels on clean 

dry rails and flat grade is: 
S tee1 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 
m 

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 Vm) 
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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 I, Section 1 .O) 

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: 

O~erating 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 andlor formulas are from Attachment XIX, Section 4068, 
Pg. 1. 

Rolling resistance, R,, is friction from car journals and friction between wheel 
treads and flanges and rail. Typical values are 20 Iblton for cars with ball or roller 
journal bearings. 

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

R, = 20 lblton x Weight x % Grade 
R , = 2 0 x L x %  

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

400 x Wheelbase @) 

radius of curve (F) 

- 400 x Wheelbase (F) L % - radius of curve w) 

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

RT=RR+RI+Rc  
R, = 20 L + 20 L x  % Grade + 400 x Wheelbase @) L 

radius of curve ( fr)  

Tractive effort, TE, is the force in pounds exerted at the driving wheels. 

TE = Adhesion x  L = KL 

Adhesion, K, is the percentage of weight on the driving wheels. K = 25% for steel 
wheels on steel. 

For the transporter: 

R, = 20 lblton x Weight (ton) x  % Grade 

R, = 20 Iblton x 257 ton x 2.5 = 12,850 lbs 

RR = 20 lblton x Weight(ton) 

RR = 20 lblton x 257 ton = 5 140 lbs 

- 400 x wheel base 0% load %- _diw of curve W) 

Use 6 ft for wheel base (See dimensions in Attachment VIII, 
P ~ s .  Vm-5 and VIII-6) 

& =400 6 B  (257 lbs) = 627 lbs 
984 fr 
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RT = 12,850 lbs + 5140 lbs + 627 1bs 
= 18,617 lbs 

For the locomotive: 

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

Using L(ton) as the locomotive weight 

R, = 20 lblton x % x L = 20 lblton x 2.5 x L = 50 L lblton 
R, = 20 lblton x L = 20 L IbJton 
& = 400 ' WB x L = 400 8.3 3 x L = 3.37 L lblton 

R 984 fr 

Wheel base = 8.3 ft (Attachment XII, Section 4) 
TE (min. required) = KL = 0.25 x L x 2000 lblton = 500 L Iblton 

Since the locomotives are sharing the load equally, 

FDB (draw bar force) = !h RT 
- Ibs = 9308.5 lbs or FDB - 

2 

Substituting in the equation for TE: 

50q L lb/ton= 20 L lblton + 50 L 1bJton + 3.37 Llblton + 9308.5 lbs 

426.6 L lblton = 9,308.5 lbs 

L = 2 1.8 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 

O~eration 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) 
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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: 

R, = 0 There are no curves 

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

R, = 20 Iblton x Weight (ton) x % Grade = 20 Iblton x 257 ton x 1.4 = 7196 Ibs 

RT = 0 + 5 140 lbs + 7 196 Ibs = 12,336 Ibs (compression) 

For the locomotive: 

Tractive effort at impending slippage is 

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

= 500 L Iblton 

R, = 0 , There are no curves 

R, = 20 lblton x 1.4 L = 28 L Iblton 

RR = 20 L lblton 

Substituting in the equation for TE: 

500 L lb/ton= 12,336 Ibs + 0 + 28 L lblton + 20 L Iblton 

452 L lblton = 12,336 lbs 

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

~c ,400 x Wheelbare (fr) x Weight (ton) = x 257 ton = 9388 lbs 
Rudius (fr) 65.7 fr 

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

R, = 20 lblton x Weight (ton) x % Grade = 20 lblton x 257 ton x 0.5 = 2570 lbs 

RT = 9388 lbs + 5 140 Ibs + 2570 lbs = 17,098 lbs (compression) 

For the locomotive: 

Tractive effort at impending slippage is 

TE (rnin required)= 0.25 x 2000 lblton x L (Ref. 5.28, Attachment XII, 
Section 4068, Pg. 1) 

= 500 L Iblton 

& = 400 8.3 fr x L = 50.5 L Iblton 
65.7 fr 

R, = 20 lblton x 0.5 L = 10 L Iblton 

RR = 20 L lblton 

Substituting in the equation for TE: 

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

4 19.5 L lblton = 17,098 Ibs 

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. 

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. 
Omrating Criteria: 

1. Trolley power 
2. Speed = 5 rnph (Section 4.3.27) 
3. Slope = 2.5% (Design Selection No. 4) 
4. Curve = 300 rn round down to 300 m (984ft) (Section 4.1.3) in main track 
5. K = 0.25 

For the transporter: 

&= 400 Wheeibuse w) x Weight (ton) = '0° ' fi x 257 ton = 627 Ibs 
Radiw (F) 984 fi 

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

R, = 20 Iblton x Weight (ton) = 20 Iblton x 257 tons = 5,140 lbs 

RT = 12,850 Ibs - 5 140 lbs - 627 1bs = 7083 lbs (downslope) 

Case A ' 

For the locomotive operating in tandem with load shared equally: 

Draw bar force on each locomotive == = 3542 lbs/'ocomotive 
2 

R,+R,+FB=R,+35421bs 

L = minimum weight required for braking with 25% adhesion 
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FB = KL = 0.25 x 2000 lblton x L = 500 L Iblton 

R, = 20 Iblton x Weight(ton) x % Grade = 20 Iblton x L x 2.5 = 50 L Iblton 

Substituting in equation the equation for FB: 

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

Braking force F, = 0.25 L lblton 
= 0.25 x 7.5 ton x 2000 Iblton = 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 

R, + RR + F, = R, + 7083 
FB = R, + 7083 - & - RR 
R, = 20 lblton x L x 2.5 = 50 L Iblton 
RR = 20 L lblton 
F, = 0.25 L x 2000 Iblton = 500 L Iblton 

Substituting in equation in the Equation for FB: 

500 L lblton = 50 L Iblton - 20 L Iblton - 3.4 L lblton + 7083 Ibs 

(500 - 50 + 20 + 3.4) L Iblton = 7083 Ibs 

473.4 L lblton = 7083 lbs 

L = 15 ton 
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Braking force F, = 0.25 L lblton 
= 0.25 x 15 ton x 2000 lb/ton = 7500 lb 

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

3.4 Verify Locomotive for 20-meter Radius Curve 

From Condition B Case B, a 45-ton locomotive is selected. 

This locomotive will be a modified Type 201 locomotive with 100-inch wheel 
base and 30-inch-diameter wheels. See Attachment XU, Section 4, minimum 
radius for these conditions is 46 ft. 

:. The 20 m (65.6 ft) curve radius is satisfactory. I 
For the 45-ton locomotive: 

Hp=- TE (Attachment XII, Section 4068, Pg. 2) 
356.25 

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

:. For a locomotive speed of 5 mph, HP = 45- tons x 7.51 ton = 337.5 

3.5 Recommendation 

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 ELECTRIC LOCOMOTIVES 
FOR COAL MINING, M-M MINING AND NNNEUNG 

COAL MINING ~ n m ~ f o  QIIW- l~rmrrmwun 
QCI#~ ml~w 5-b8 ~ O U  t4 .h  ~ ( r  lolr m 

* rn M a  MI - 1S1 R# mr 
T.E. at 2% m.. Ibs 2.500 5.000 7.m 5.000 5.000 7.500 
volrrgc % % .  128 128 250 250 
NwnbcrofMoOn 1 2 2 2 2 2 
l r t r W E a d ~ W '  t8 25 41 50 30 50 
T.E. t 1 Hr HP, Ibs 1 ,450 3.080 4.900 5.300 3,450 6.300 
%ma at 1 HK HP. MPH" 4.7 6 0 5.8 7.0 6.4 5.8 
MiiG&wp.iKha . 42 36 42 36 36 36 
Min imnCwrHmt t .  18 35 36 46 35 Y 
wwBau.nchar 60 89 90 100 U9 100 
HmrJDiurnrncha 16 26 28 30 28 30 

Onr Cone. in. 32 32 29 2d 32 1 
OvrnY Wdh. mUl8S 64 70 84 A 70 A 
L- v& Cau@as, in. 160 ;1ZJ 231 2# 223 256 

~ ~ & % ~ & ~ & - - -  IOP h .I. - 
N u l & o f ~ o ( ~ n  2 2 - 2 2 2 2 2 
1 H r H P M W  3' 41 50 60 65 1W 110 
T.E. at 1 Hr HP. Ibr 3.154 4,800 6,300 6.000 7.560 7.530 11,840 
s p l d a t l H c # W '  6.4 5.8 5.8 7.5 5.9 9.7 10.5 
rJmunwmhrr 36 42 36 42 42 36 4 
l k m n c w w n .  31 36 31 34 36 I 55 
'HI1*dbisc, inha 78 W 66 a4 90 lm 110 
m n r l ~ m h r r  I 26 30 1 26 30 36 
Height Om Csmx in. 32 29 36 1 29 4 U 
O#rsHMm.iKha 64 84 W u # I  74 a4 66ofm 67 or 71 
Lalgm~bCoup(cnin. PJ 231 167 228 231 261 262 
3g -V*-r*Ur* -C(I*--JiDD-dd-MW-- 

-rPI*nr.r*- 

TUNNELING mmr- 
0W-U- 2 C U r  m t # . S m M r ) . r j C I r  
Wm ~ ~ U ~ I U ~ Y ~ L I  n o - 1 9 1  a n  m sn 
TE. I t2mMH..Ik  1.000 2.000 3.00 4.000 5,000 7.500 7.540 10.000 15,000 15.000 

NLunkdMoan 1 1 1 2 2 2 2 2 2 2 
l M H P E r h M a a C *  5.5 14 20 20 19 Y) 50 75 125"' 125"' 
T.E. 1 Hr W, lk 475 1.160 1.300 2 .50 2.740 4.- 5.341 8.0M 14.000 10.850 
Sand at 1 Hc HR MPH" 3.7 4.0 4.9 4.9 5.1 6.0 7.0 6.9 6.6 8.5 
Minimrmwmhrr 18 24 24 33 36 38 36 

14 
18 
14 ~ C u r v r ~ n .  7 9 ZL a a 31 47 17 

Wbdbs&rndwr 24 30 37.5 37.5 54 60 6 0 6 6  100 100 
HmarDSmr.mhrr 14 16 21 21 1 30 30 33 32 30 
HaidW Onr m, in. U 43 56 56 52 60 a 66 65 64 
hmrY Wdm. i*hsl 3 3 m ~  u 410153 4 1 ~ 5 3  U a V  Worm 59 64 8s 85 
m r J o - i n .  71 1ZL 144 144 153 ln tn ta i si 

o o r r o r q r ~ a v ~ a - i m ~ - -  
- W Y . l * ~ m . L u v l l ) r O Y ~ . l . m  
n - m . l * w m l O l r  

Figure 4: Wheelbase Dimensions 
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ATTACHMENT VIII 

TRANSPORTERIGANTRY CARRIER TRUCK ARRANGEMENT 
AND WEIGHT ANALYSIS 

NJg: 
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 steei 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: TRANSPORTER/GANTRY CARRIER TRUCK ARRANGEMENT 
AND WEIGHT ANALYSIS 

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 al l  of the 
components in Ref. 5.39 are required to provide a complete truck. The following 
components are required: 

Item Weight- Total 
No.* Description . Quantity Each (lb) Weight (lb) 

1. Truck bolster 1 1,460 1,460 

8. ~rarne assembly 2 1,030 2,060 

9. Center plate vertical wear liner 1 15 15 

10. Center plate horizontal wear 1 ' 5 5 
plate 

12. Brake beam wear plate 2 3 6 

14. Wheels, cast steel 4 830 3,320 

23. Axles 2 1,415 2,830 

27. Bearings 4 135 540 

29. Bearing adaptors 4 55 220 

Total weight 10,456 1bs 

*Item numbers refer to item numbers in Ref 5.39. 

Round up w c k  weight = 1 1,000 lb or 4989 kg. 1 
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From Reference 5.39, Freight Car Equipment Weights: 
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The 
BARBER S-2-HD Heavy Duty Tuck 
Featuring C-PEP Center Plate Extension Pads 
More than l5QP00carsequrppedwrthC-PEPnawinservice ... 
some exreeding 1 million rwenue miles! 

special devices 
to control stability 
of freight cam 

For high aped and high mileage 8of- 
vice. the S-2-nD Truck suspension 
incorpontw wbUnt~.lIy inere- 

highly sophist~cated monitoring of dunplng for boM ligM m d  
I fUk and tre~gtlt car partormmco M : t h o w -  
over a wide range of oparating yIU4tBtmrYW 
conditiofu. U~~ - --opIDu- Othrr i m p o m  design i m p m m m k  
Among the tint to put this now intor- w r.11~1 (IU tron01(1t*d am in tho hictlon eating. bolr tu  end. 
mrtion to work. and to apply it through nd ridr f m  uwutruction. Thou. 
compura models for practical, work- cwplod with (I replocoaMo bolltar 
aN0 hardwarn is tho S thdud  Car p k e t  wsu plat0 W C e ,  th0 
Truck Company. The nrulm ON wlu- mnr p~ato e ~ o n  pods. compriu 
tionr to typicai train dynamic prob tho finat t w v y  duty truck s r t l p ~ ~ ~ i o n  
I ~ u c h  as 100-Ion loadod un sy8Iem avail.Me. 
leaving the rail8 at low r#.d., bounc- 
ing at high rpoeds, and emptles 
hunting. 

This long spring tnn( S-WID Truck 

An improvod Barber S-2-P truck is 
now available as a "Heavy Duty" 

Figure 1: Reference 4.4.8 Page 492 



A'ITACHMENT WII 
Title: Prelirmnary Waste Package DI: BCA000000-0 1 7 1 7-0200-000 12 REV 00 

Transport and Emplacement Equipment Design Page: Vm-5 of Vmd 

BARBERm-SCHEIPELa Hlgh Spomd 1001tm Rodial huck 
by Standard Cor Ruck Co. 

Figure 2: Reference 4.4.8 Page 495 



National Super C-1 Wedgelock Truck 
for heavy-haul, high-mileage freight cars 
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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 Sheets 

A. Fax from NACO Technologies to Dave Hamann from Mark Benigas 3 
5/2/97 with vendor drawing of Willison automatic coupler No. 35958 
(Ref. 5.42) 

B. Telecon from National Castings Inc. to Dave Hamann from Mark 2 
Benigas (5/2/97) with coupler selection and component weights (Ref. 
5.43) 
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APPENDIX A 

FAX FROM NACO TECHNOLOGIES 

APPENDIX A- l 
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SERA PlD I 
1409 Allen Drlve. Suite E Tel: (810) 588-8530 1 ' Troy, MI 48083 Whc 

I---- 
Fax: (81 0) 588-8963 ] 

mxmxm 
Rigd Chin En$moomg 

Dave ti-n 
H.A.E.S CP-2 
720 Park Blvd. 
Boise, I D  83729 

Dear Dave .Hamaan: 

Thank you t o r  your i n t e r e s t  i n  our  product. 

Tho Sorapid r i g i d  cha in  can be used t o  load t r a n r l a t i o n  applica- 
t i o n s ,  and can be soen I n  t ho  enclosed information pack~go.  

T h i m  very unique purh /pul l  nuchanism can: 

- savo enqinoorinq t b m r  4 c loarurca  holor f o r  mormtmq, standard 
product tht can bo usod over; - s r v o  i n s t a l l a t i o n  t i m a ;  . - r ave  m c h i n i n q  t i m a ;  - save  on ~ i n t a i n a n c e :  f u l l y  mechanical system, no l ub r i ca t i on  - #avo rpaco. 

Tha Serapid r i g i d  chain i s  o r p u i a l l y  su i t ed  f o r  long s t roke  and 
high load appl ica t ion# .  

Ploaso l o t  us  know how wo can holp. 

B e r t  Roqards, 

S a i d  Lounis 
S d o s  Hraaqor 

Encl 
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he product 

THE SERAPID CHAIN : 
A JACK WlTH 
A FtEXlBE ROD 

T)w k a p d  c h i n  oushts 
and pulls baas wetghing 
horn o few pounds to hun- 
dreds of tons. 
Opemnng rtm erarures con 
*ay knnan 8 and s d  
hundred degrees 
Fahrenheit. 

The Serapld svstem is  aulra 
onginoi, in the sense that 11  

a rtguior cham in 
minimum space. 
These iearures are whot 
makes the Serap~d 
cham exceononal. 
wlih appi~canons in VI 

tually all ~ndustnes. 

ADVANTAGES OF 
THE SERAPlD CHAIN : 

- Limited space use. 
- Accuracy and repeatability. 
- Long snobs. 
- Low malnmnance. 
- LOW COSY. 
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An 'idndd icuawstion hu mdc iu a p p c u i a a ,  
b- &uchuy rokrtiarrr to the maat p m b b  
~ f ~ r a d p o u r i o a i q l o d r i n d a s a o r t r a c  
limited flm space fot kuYilin8 qwpaxnt. maximum 
M c y ,  p e  pouuoabg d n o a - d d t q  of 
ladrarerrqpusd 
h i k l l y ,  it u r q u a b  of a PQIQ chin h- 
.the o n # d  drrrrcrailtic of kcomuy u h 
t h n u ~ r r r h e n p u u i r y , ~ d c h e s p s e u i ~  
of its &ah. 
B y v m e d r b d r . t h t p c , t f a c l i n h h i r c ~ ~  
r b i e h r i E I ~ t c r e h o t h a u u d w ~ ~ m # p  
fmmtkdiioehousm#. 
&wary to otdiauv ciuinr and SUM to obrtrviry 
certain coaditiocu d use. the chain a n  rhcn t d c  a  
chnsn mociorr u well i s  a merive fara. 

Tk chrin dri*c i d  is o b d  by mernr of thr 
rmrim d & pinions int@v keyed onto the SMI 
*Lbehaurin(rurppom. 
 or r h ~  &ae. two rdlrn b ~ m y  on ach W 
r r i r ~ t h e r d o f t h t ~ ~ ~ p i n i o a r .  
Thc thiPu mot#cr is a b d x d  by t k  drirr  kit^ 
by m a a a  ot a simple dma. The -.of each Lint 
met. bcrwccn tile w o  drive h. a C r n d  tOIlLI 
w&icia ccdvu onlo a stcd piror fitad inside the horn= 
~ i n r t r i r w a y , t f i t l i a k t r r m r i a r c r i n t i d c 3 r e ~ ,  

ttw t d  of the pi- d the s t d  pluc 
* ~ t k r h i c t u m o 6 m .  
We hm b m  p d u d  r dcriQ o p m r h  vith a 
thntn d a m a b e  k e  by ~ d g ,  i t  thc - 
~tinu.3wuricrrtfiarnt- . for the cfuin drive 
rad iu c b g u  of di- 
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MOST FREQUWnY ASKED QUESTTONS ON SERAPfD . C W  . 

Please d e s c r i b e  t h e  chain: 
llnrr are two rurn ebmponena m a h p i d  Ri* chtin SF* - 7ht ch in  itself. 
-llwdrirtbwDlBg. 
'b &in 8 cblllpacd of: - W e  p h  which arc fine blanked fw tolerrmct. Iht i k  p h t ~  intdncL witb 

e d o l h a u d h r v e  muirydamwhidrueiLLd r k i e h p m d e l t  p d f 4 ~ 1  
~ ~ d r a r u c a a d h c c h  

8 

- S b r i i P ~ m d r ~ m l k n w ~ . r r ~ ~ d b u t o r r r r d ~ s ~  
Ilwcbi+ahodqiscnmp#dd: 
-Abitt ihrl lanvJedbunnp 
- D r i n ~ c ~ . l t a 6 d e ~ ( ~ 1 C h t i l j t L  
-lkwrier phrrraude wtofhi$~pdcdprrciPiar rudrbmt - Cllrh- pair lor rovmbly a i  tbc rb.e. 

How does i t  work ? 
I . p t n s c h ~ g ~ b r r ~ i d b w h u d T h r t i b o r J K S c n p i d d u i a f e e b w i ~ b h  
he& (bouing surface 01 links) at h e  blur. It* rm r+t keep it straight and 
Tbr chin stay rid under iu nrr, weqbt, or Iht ippi'kd lard. b c a r ~ ~ ~  oC  be Idiq 
mameat rhr lodo tbe links t o g e h .  
IY . r~~p&eImdurddi tbrcL. I to ib~keaon*ml isnr icb . ia . lhh iwh. t  
bqpeasrhroofbtbt drire baaay.lheehra\kaPdedWdeqcarrIt)dcpmtarrarcic 
adthomy. 
k r k e h r a @ u i r t c # b m d k r m ~ i ~ r b t q n d r ~ ' T b i r i + l e d u i r i  
arrrmedbrstd~pluaiarideJKdrinhaq.l%crrraior,pharrr 
d a i g P c d u u t t o p r h t r r r a # l t o J n ~ I ~ ( k  

What are the two holes i n  the front link f o r  ? 
A ~ i ~ e d i a d ~ t o & b e f n r t 4 3 n ~ b r b r U  
I k ) i r r ) l i c b o i n i m c r i r b t h c n r r d r h c ~ p i r r i r d f o r ~ r h t k d  
I l r r u b e r p k ~ h i c h B a I h w r i t b t b e d u h k c i r i d f o r ~  

SERAPID 
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Ihe pwpmc ni  h e  plnhing pln u tn e m  h t  h e  msin kuL1 up tillring pmhinl. by 
e m g  that I c  m x u m  fmm h e  Inatl - m a  hnck dm? the d m n  heck 

Does i t  need a g u i d e  ? 
Nn. T l ~ e  dura n d m i p d  tn npmw withaat r g d e .  ;n m h e  Inad up 3rt duicl. 
Tht chain ir tlcrignal tn e x n n  a f n m  a1-q ~rq he& wkem ~trhiny. anti aim9 irc pim 
w k m  pulliq. I\in wlc iru~i nn the durn u Jl lowd.  
4 &r i mi? rcipnrcd iC: 
- i'ha h a  a& he sub* tn adc nr excrnvic I& 
- W M k n o c e c n r c m i n n I h r d r r m . ~ u d i ~ l a r i t ~ k ~  

- - & rcmm f n m  lrnm h e  M (when p d i q )  i ncw ht main k k .  - The mvd n I(H h q  m rrkarim 113 duia size. For exempic for 14 k t t  d m ~ c k .  a 
g d t m a ~ a i k r  t h c m t o i a ~ ~ ~ c h r k w k c r m * i r h b o t a ~ . a M ~ d  w d  be 

m- 
Nou:  Gaitin when WII  t k ,  nnt hare tn ma Je kngtb d h e  arakt, Fm excmple. ftw i@ 
feet oC urrd.5 feet mi* m L i  IK plld at h e  hqmmq a( the .amkc. nr 3 wcunm nC 1 
few Imp ~ 1 h  MUM IH d . a t  redm daq the w&c e l c  

How much can i t  push ? 
1 daN .- 2 . 2  l b s .  
Nmmd PuWpd It- ranfc Cmn I I@ lla iw I t  size 2 i  (pl.rtrc) duin. tn l 0 . M  111 Cnr 
the MJ c&ia 
T h c d l c a ~ d ~ ~ h e ~ 4 ~ P S . w i ~ a n o n r u l p P d J ~ l i m c c d l & ~ I l n  
-1 A meant hy r d  k 
' 4.- d d c  
' ~ ~ p p r l t l l .  
~flnhm* 
'I'k* 
Irr n p d  (up LO 14 Itttlairmte). 
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SERA PlD 

Swc da OF ~ h a m k  
W k m  chis n kwkc(. n o d  a p u i t v  r e d  reaudlm .C -kc 
l a  lifting applientioar art armnul a p m t v  in Id. 
k h e  m L e  n d a h k d  cnt the fin apaa ty  in h iL  
Wba the e&in is olymdcd and unsupported cut the capacity hy r hid. 

How f a s t  c a n  I run t h i s  c h a i n  ? 
h . a  m wtrnl limit to h e  .speed of rhe duik 
Bat like my mehmcll s ~ t r  sped mcuu faster wear. 
E preanriacn a n  be uken 10 improve the rtambilirr n i  the chria uwl cnmpantnn in 

rpml applicruom like maping the sped up md dawn to r v d  rrhcLr 
Pltrw ormlt Ijaac! in rpQliawM engineem mhmce. 

How do I l o o p  t h i s  chain f o r  storage ? 
Pkra imL rt the fim page e i  our specification JKt~tSh.m am t g # l  s t q e  
d i t i o m w d w a n t m a r  
Smpl?, the &in mau be stsml *hm sp- is a r l i tb lc  
Tkmcoaneodu ismmf iaa reOf  S . d I A ~ t h a c c h . i a r e ~ h . r e a o i n ~ e l u o p  
~ d a r c  f m T ~ o C i a t h e  d r . a t q e d d l l c c d ~ ~ p c e . r a d ~ e t d a n e t  
rqmkc i pdd .amage m e .  The end o i  b e  chria b simply rtrwhd back to rht 
t h e  hnmq, r#i the dun u U  mpp#rr iwlf. 
P lcsc1c tpqc12davrpecshucrCard i~  
If k r p r a r  rtulrbk is aiII 16, snoU &en a amlupie hap u q e  e e  n rtqmed. 

Does the c h a i n  need l u b r i c a t i o n  ? 
Ulrd lymrAadai i rprryk ip i t tpkchr i rdt . rd imiranrm 
Ir~rpccdrad/u)rtr+ap~rimit~ka~mhbricnrcInrbut 

red- firiclia, benmn mihghdihg camptro& 

How do I select a cha in  ? 
' f lnatnpmmetmdc&irrc le&wue 
- ~ u l h e f ~ ~ u # n ~ L o d  
- l l r r t a r y a n r t t o ~ i c  
- ~ I m ~ w n t u . m t i ~  

SERA PID 
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P 

Please &d nhcr G m  inrdrcd in determining a c d  p& lnm. as b u n  in "hm 
mrb a n  it p d "  pamgmph 
Plcrw fin nut ant appkticm qucrlimluirr. or d the heup. (hm Appiicncian 
€specring Dcpi a dwr? rruhbk to yna. 
FJlrrtnq aharc "ntla a l  rhumb" w i l l  Ib. wmL. Lurt plem verify rmrr wleaiaa r g L b  agl 

Appliatinn Enginctnnc Btpt. 

What torque do I need ? 
Ona h e  rhrau (pusidpail) I n m  a tlcttrmintd. and the dum s c h d .  
toque n (inJhs) : In- (llm) t c p d c t  piccb (in.) : 6.8 (drive t F T i c t ~ ~ ) .  
la rdling Iwi  appliatim plcme relncmbet ta d u d e  adention rad dead. lark 

How do t ca lcu la te  serab id  s h a f t  speed (RPH) ? 
T d t i a c l  qmd (ftcdmn) x 44 : pi& pmmctcr (feet) = .Wt M'bL 
Pheb pmmtun: . 
sior 2s due o m  rctc 
S i i  40 durn: 9124 let. 

. 

Sipr 40 dmm 1234  ice^ 
Sin 90 duw: 1N l c e ~  

What motor horsepower do I need ? 
HP at the Smpd tirirc Mi a Tnqw (idlu) x Smpd ldultspd CRml) :Urn. 
To .buin mpoi HP. h e  abrc  T' moa be deded by rcdatr/mti~ e i r k b q  

SERA PID 
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L 

TJ: mta swmo ~mm0cin.w~ 
F a r  (8101 -1 

L 
Tm. - - 

r 
SPLCIP~CAT~ON SHEET 

PAGE 9 
W and 180. DRIVE XIOUSMGS 

W O I ~ Y C U - . ~ ~ @ - ~ B ~ W ~  



AlTACHMENT XI 
Title: Preliminary Waste Package DI: BCA000000-0 17 17-0200400 12 REV 00 

Transport and Emplacement Equipment Design Page: XI- 1 of XI-4 

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. 
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srcram I I W ~ A ,  P- 2 
July 10- 

35 TON-4 MOTOR TROLLEY LOCOMOTIVE 
FOUR 201 MOTORS - soonp BLOWN AT 250 OR 500 VOLTS -STANDARD ENCLOSURL 

TRUCK TOR 35 fON UXIOMOTIVE EQUIPPED WITH TWO MODMAN 201- 12SBP MOTOm. fBE BLOWERS 
FOR THE MOTOM ARE MOUNTED ON TRZ TRUCK, MAlWG CONNECTIONS 'PO TEE MOTORS MUCK 
SIMPLER THAN IF MOUNTED ON T RE YAIN FRAME. THE CENTER BEARMG, UPON WlPCIT THE MAIN 
FRAME WfS IS 11" IN DIAMETER SIbE BEARINGS PREVENT ROCYING 01 TIU LOCOUOTWE AND 
HOLD THE YAM M E  IaNC PIN IN TEE CENTER BEARING. 
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TOP VIEW OF t O C O m  ILLUSTRATING DUAL CO-L CIRCUIT. ONE m, (- CONTAC- 
TOW AND m A N C E )  ON U C f l  SIDE OF TXE LOCOYOTXVZ CO-W lW0 FOUR SAND 
BOXES ARE CLEARLY VISIBLE, HOWEVER EIGFfT SAND SO= ARE PROYIDn. 
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ATTACHMENT XI1 

VENDOR DATA, VARIOUS 
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SECTION I 

MIDWEST RAILS, TRACKWORK AND ACCESSORIES CATALOG, 
MIDWEST CORPORATION 



MID WEST 
RAILS, 
TRACK WORK 
AND ACCESSORIES 

MIDWEST STEEL DIVISION 

General Off ices 
610 Cmpitd Streat 
Charleston. W. V8.26321 
(304) 343-8874 

Branches 
1107 22nd Street 
Grrnitr City. llllnolr 62040 
(314) 241.8081 ' 

736 East Main Street 

MIDWEST ~omrrov, Ohio is769 
C ~ A I I O N  (614) 882-3286 
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SECTION 2 

THOM.PSON SAGINAW, ADVANCED LINEAR ACTUATOR GUIDE, CATALOG 
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I 
Kaman Industrial 
Technologies Corporation 
1500 Connmr Awnuo 
noise. Idrho Urn 
Iml I U ~  Far IZCJI Y I ~  

KAMAN, I 
Advanced Linear 

Actuator Guide 

The complete selection guide 
for linear actuation components 
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Engineering Support 

Design Formulas 
These fmulirs abw you to calculate a number of impgctarrl factors which gwem the application of l%omion Sagmw ball Screws. 

1. Equhnknt Opemting Load 

3.'q, (F,P + g, (Fd3 + 9j (F3)' + . qn iFJ3 q, = Propottion of Stroke or Cycle at F, 
F =  1; F, = Increment of Load (4) 

F m Equivalent Operating Load (Ib,) 

2 Bat1 Scrr?rr L i b  (L) 

3. Rotational Speed Required for a Specific Linear Velocity 

Travel Rate (in. x rnin:') n = ---- 
Lead (in.) 

C = Rated Dynamic Load Capacity (Ib,) 
F = Equivalent Operating Load (14) 
L = Me in Inches 
L, = U e  (hours) 
n, = Average Speed (in. x min. -1) 

4. MachineScnricc Life 

ARer ball n e w  life (L) S calculated, appty it to Ihe following formula to determine machine service life. 

Machine Sewlce Life (in years) = 
L 

(rnachme operabng hours) . (daydyear) . 

a. Drivingtorque: T,= =O.l77xFxP(Ib,xin.) F = Equivalent Operating Load (14) 
P = Lead (in.) 
e = Efficiency = 0.90 

b. Backdrive torque: T,, = FBe = 0.143 x F x P (Ib, x h.) 2 x  T, = Oriv~ng Toque 

(convenicn of linear to rotational monon) T, = Backdnve Torque 

P, = Power (HP) 
n = rpm 
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Life Expectancy for Precision Non- Preloaded 
Ball Screw Assemblies 

Life EXFW 
( 1  . I.MX) MXJ In = 25.UXI.W mm of Travd) 

Example: Appllcatlon ll!e expectancy (total travd) dees~red IS 2 m~lllon In. 
(50.8 rnlll~on mm). 
~ a m a  operating load n 10,000 Ib. (USW N). 

AII screws w~th curves whch pass thmuglr or are above and to the nght 
01 the plotted polnt are su~table for the example. 
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To order, call 517-776-41n 
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lypical Ends 
me ~ p l c a l  ends shown below can be macf'tlned on all ball screws' 

ball ~ l t n e s ' .  Specific d~mentlonaI data n provlded In Me chat?. 
vdd area w e s e n e  me extnvon rqm fw a e y * l  am. (ski fffJ[ 

UX*W 
'hmm 

*m'  
W ~ C  

- h a t -  
V ~ Q a y w r  

Ir*l- 

A I L M * . ~  

m- - 
err- 

-SLd.  

-)lrcI. - 
r 

0 * 
187 sz 01- 1 % ~  om alw 1518 0516 0112 * m  om OQ4 $3 ?% w- 

MIW r B W  

5 0 ~  01111 t s m  ana ma u m  ran a m  m r  l a  la a'W( - a gtt - &?hl;tr 3 ; ~  / a - , I - 9 7  

6tt 100 PUOD 2110 0810 Om 25% 1ZW 9 3 8  Irn * l S M  m4'Y 1 
en I 1/18 t r s I l / ~ l  201 

La # l ly10 

t m  ~ U D D  ~ 1 1 0  MO am l i ~ ~  l m  arm us t s a  t m  m l u  a u ~ m  rn L B ~  I R X ~ ~ I  4 aJ= 

ry) m onm l a m  o8m a- 2310 1310 ow 11m z i m  1 %  m a i s  3 3% Im1ln6 rm s "22 
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Precision Thread Screws 
Pncilon &row Stock 
* Lead Accurac~es: 

,004 n Jft. accuracy standard 
002 n./ft. accuracy ava~lable 
,001 1n.1ft. accuracy avatlable 

UwWRh~BJINutrwlMovlt lngBkckr 

7821632.7821609 NIA 
7821579,7831 631 W A 
CIoI#74.m)7502 NIA 
57062825709576 MIA 
5709518.5707643 NIA 
7824973 WA 
7826721. 7826763.7823871 NIA 
5707506.5709582. 7826767 WA 
5707644.5709584 NIA 
7820827'. 7820455.7825584 7824154 
7820826 78241 54 
5707645 7824154 
782671 3.7827531 
7824237 78241 55 
7826768,7823870 78241 55 
7824358.7826991 78241 55 
5700277,7823585 78241 56 
57075W. 57aa34(r, 5708278, 

5704167.7823586 7824157 
5707535'. 5708284.5704168 78241 57 
7824286 7824157 
5707509 7824157 
5701566.5704270. 7823587 78241 58 
7820207.7820206 78241 58 
5707511 78241 57 
5709587,5704271,7823588 7824159 
5701990 7024159 
5707513,5708345 O(W) 78241 59 
7824246 78241 59 
5708280,5700698 78241 59 
5701895 78241 59 
5707654.5704272 78241 59 
no7516.57ce.w (w. 7 0 2 3 ~  7824160 
5 7 W  78241 60 
5700555 78241 60 
5703243. 7823590 7824 16 1 
7824136 7824161 
5707519. 5708347 0. 5703045 NIA 
5704906 NIA 
5703258 N/A 
5704738 NI A 

w) 
,006 
,006 
.W0 
.026 
,026 
.U26 
,040 
,042 
,042 
.OQ9 
.084 
.069 
,069 
.I21 
.I25 
.I31 
. I48 
,183 

.I83 

.I83 

.I83 

.265 

.265 

. a 1  

.432 
,432 
.373 
,399 
.373 
,373 
,438 
.sw 
. 
.906 

1.288 
1.167 
1.635 
1.610 
2.869 
6.830 

A 
Root 

(in.) 

,140 
,140 
.300 
.300 
,300 
285 
360 
,360 
,360 
.480 
.480 
.480 
,505 
,600 
325 
.580 

. ,735 
,820 

,820 
,830 
420 

1.005 
1.W5 
,870 

1.320 
1.320 
1.140 
1 .14  
1.1 40 
1.140 
1.188 
1 .SO 
1.850 
1.850 
2.320 
2.100 
2.480 
2.480 
3.338 
5.220 

I 

B.ll 
C i  

,187 

.375 

.5W 

.631 

,631 
,750 

,875 
1 .  1.000 

1.150 

1.171 
1.5W 

2.250 

2.500 
I 

3.000 

4.000 
6.000 

Di.CblO(l 

RH 
RH 
RH 
LH 
RH 
RH 
RH 
RH 
RH 
RH 
LH 
RH 
RH 
RH 
RH 
RH 
RH 
RH 

LH 
RH 
RH 
RH 
LH 
RH ' 

RH 
LH 
RH 
RH 
RH 
LH 
RH 
RH 
LH 
RH 
AH 
RH 
RH 
RH 
RH 

8 
Modmun 

~ ~ ~ W * g M  
Amild(.(n) 

1 
1 
4 
4 
4 
4 
6 
4 
6 
6 

, 6 
6 
6 
6 
6 
6 

12 
16 

16 
16 
16 
16 
16 
16 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

Lud 
( i i  

,050' 
.062' 
.I25 
.I25 
.l2ST 
.I25 
,200 
,500' 
.5Wn 
.2W 
200 
.2W' 

1.000 
200 
.200 
.W 
,200 
250 

,250 . 
.5W 

1 . m  
.2W 
,200 
.413 
,250 
,250 
,473 
.5M1 

1 .0002 
1.000' 
1.875: ' 

.500 

.500 
1 . W  
,250 
,500 
,660 

1 . W  
1.000 
1.000 

Nunkr 

7821634 
7821633 
5707538 
5708532 
5706540 
7824974 
7826721 
5706740 
5706846 
57075UT 
5707541' 
5705378 
7826712 
7824298 
7826770 
7824361 
5708859 
7820426' 

7820428' 
7824290 
7820429 
7820430 
7820431 
7620432 
7820595 
78205% 
7820597 
7824253 
7820598 
7825925 
7820599 
7820600 
7820642 
7820604 
7820606 
7824262 
7820607 
7820609 
5703262 

RH ] 5704762 
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- -  - 

HON-PRUOAD€D BIU NUT 

WiPER KIT I 
E d  

Clrrlr 
D(rmrtr 
(rhr) 

3.000 

NON-PRELOAMD BIUNUT FUNOE 

(W 'rniDL 

@? 

- 
4 0 8  YU 

T -0 .-o.- 0.1 
-0- - 

{@nfa 
WIPER KIT 

~ % r a n - r v p . ~ ~ ~ n ~ 1 S i O O l S ( I - R W I : n ( * , a u - 3 W n . ~ T S a m . : - ~ 4 . 7 1 0 * * I Q U Y , ~ # ~ W Q  37Sn. 

ci.ml 
30ruioaon 

RH. NP 

r 

Lwd 
m i  

1.500 

mIM 
Part 

HMlbW 

5704986 

morr 
Kit 
Pmt 

lknbw N u n k  

End 
Bkclr 
m 

)(unkr 

L w S c n r r ~  
Put 

N v n k l  

7820609 

N/A 

klu 
Sbtic 

(Ib) 

BJI 
CLdr 

OirnwerLud 
(a) 

530307 1 5303306' 

Ball 
MtU 

L a d w I i O M m  
@;) 

BdScnrrDyrumic 
Prt 

Hunkr 

Lord 
(Ib) 

53.646 

Lord 
(Ib) TWL) 

476.970 4.m 

Ma. 
SWc 

(IbJ 

253.617 

53.50 5703262 

C;mrrJ 

85.758 1.m 

WNut 
P u t  

Numbrr 

B d  

b d w o i g h t p r t  

27.20 

RH. NP 

Rng. 

Nunkr 

5707515 

5703258 

mDw 
Kit 
Pad 

N u n b ~  

5702661' 

ebck 
P a t  

lkmbw 

WA 
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MARTIN SPROCKET AND GEAR, INC. CATALOG NO. 60 
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All Steel 
stock NO. 140 
Sprockets 1 3%" Pitch 

Single Taper Bushed With Hardened Teeth 

0 
1 
HE 

924- 

024 

T T 
C 

I - i 
TYPE 8 TYPE C 

I 

Single Taper Bushed 
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All Steel 
Stock No. 
Sprockets 

160 
2" Pitch 

Single Taper Bushed With Hardened Teeth 
I 1 
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GOODMAN LOCOMOTIVES, MINING MACHINE SALES MANUAL 
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LOCOMOTIVE GENERAL DATA 

LOCOMOTIVE STANDARDS 
hformat~on WIOW u u  tx t r lc t td  from Satlonsl E lu t r l e s l  
Yandacturers .Clsf fu t~on Mmmg and Lndruuul Elecutc 
m o m c x n e  Standards. 

TROLLEY LOCOMOTIVCS 
' OCOMQTWE The laornoclvr s u e  gwen ~n ton r  snail 
OCIN l a o m a l v e  s r a t edRmm readvto amrate w~thsunaard  . - -  
cqulpmmt. bm tne rated we& s h l l l n o t ' m ~ ~ u a  t N  wwnto i  
a a K l a P l  qrupment at r c ceuo rwr .  

TOURAVCES C; RATED WEICKT. The tolerances m r u r d  . 
.r.etcN d l a o m a t v e s  ¶lull be. - 

4';d (I m r  10 percent 
8. 11 and 15 tons a ~ e r c e n t  
Over 15 tons 6 percent 

pRRAI*BAR PCLT The drapmu puL ~ r .  pounds or. a rtralg5t 
and levrl u a c ~  otth e y .  clean n u s  s n a i  ~e acterrnuud as 
tallows: 
1. The r . m a r J a r a w a u  pull with nee1 u u o  v w l s  shall be 

25 p ~ e M  of thc rated weltht d the Locomollw. 
2 .  The r tu tms  dravbarprll  with sand zna steel ueadrh..la 

shall be 3 0  p ~ e m  d Ihe rated wttn a me l a o m a w e .  

HORSEPOWER PER TOW The stanaard narse~crrer per ton 
a rated w e r ~ n  d 2 m a o r  L a o m a n o  snall be: 

Up to and inctudvy 8 tons 10 Wlton  
11 tom up to m d  racludm IS tons I2 W'ton 
Over 15 tons IS ICPlton 

JOI ERASCES LS HORSEPOWER PER TOY The t o l e r a ~ ~ r l  
In sundard h o r s e w w r  cer ton d rated wuM o( 2 m a a t  
~ao&oclves s w  iw: ' 

up to +nd m c ~ u d ~ x g  1s toru 1 5  percent - ~ I U J  w mlmu 
Over 15 tons LO percent - plus o r  murw 

4, 
A i a o m a t v e  havans more than I-d h o r S 8 p a r  per ton 
may be expected to rxceed 11s rated 'wVM. depndvy  uPQl 
the mount ol excess horsepower w e r  &rd h o r s e v r .  
,4 locomotive equtppcd with the standud n o r r e p a r  d t h .  
?.ex; 1-r s u e  may beexpccted t o u r ~ h  as mUCB 11 UYnQn 
l a e r  s ~ z e .  

s m  
1. slow sp.cd & bc as 5 mdes per h o w  or less. 
2. Whrle slow-sprcd lccomarves ca l l  lor less horrepovcr 

p r  faa. yet UY ndllCCd b o r ~ e p ~ ~ t r  u tbr result d the 
reduead speed. Leavvrp che coquc r q u u e d  to develop the 
runntng d r a r b u  pull ol mc l a o m a l v e  the same a s  at 
scanaard m d .  Thus. wllb ole same par reductton and 
r l m l d u m e u r .  UK s u e  or w e r l l l d u n e ~ 1 c n r  an6rcWht 
d the mao r sa t  slow s m d  a r e  essentaally thc s a m e u  I 

W 4 m S  LN LoCOVmrvE S P E E E  The lolerances 
in r W d  speed d l a o m a l v e s  shall be: 

ULI ta and (aCludlly 15 t o n s 1 5  p r cen t  - plus or mmur 
&er 15 tom 

- 
10 percent - plus or mmur 

OtWZ TWG: Lxomattve r u m  shallbe b u e d  upon 
Vu-prll and speed m mder per hour. Thtr 
r p d  s b d  be drurmlned u the nmnvy drawbar p d l  from 
m a w  prforrmoco c w e r .  mzlrvy an allowaxe lor loss of 
tractlve effort tcr a h  spu gcu t ruumlaswn  maccordance 
wltk tb. Iollwlng W e .  and funhcr  allowance lor loss m 
1aunJ1. f l w s  Yrd all ocher losses d one perrefs 01 the 
r u e d  -I@ d IbC l a o m d l ~ .  

INKT GEAR L a  
T Of Orr-hour ILuq 7 Of hnpt 

200 2.5 
130 2.5 
121 2.5 
100 2.5 
1s 2 .5  
60 2.7 
50 3.2 
40 4.4  
30 a. 1 
21 8.5 

sm 
Tkt w r d  " t r a n a i a u s w  IS delrned to mean conuct bctPmn 

L O C O U m M  SPEER The standard speed d 
at runnyy d r a w a r  pull tor steel tread wIy.1~.  slull be: 

Cp 14 ald mcludiq 4 t a u  
I I tons UP to m a  mcludmg 15 tons 

The Iollwtnc ubulglon IS a consol~datlon of the m e  ~ o r m + t l o n '  

~ o c o m a t r e  Rsed  Weqh(. I Toul Horsepo rn  i Laornaive  Speed. 
Tons per Locomorrve , UUes per Hour 

jtan&d i Tolerance ' Standard 1 Tolerance suncurd  Tclerancc 

- . . . - - . - 
7 . 4 t o . 9 . 6  1 80 68 to 92 5.1 to 6.9 1 I 6.8109.2 

15 13.8 to 16.2 , 180 153 to 2 0 7  6 . d  to 3.2 
20 , 18.8 to 21.2 i l  ; 210t0 310 1 1: I 3 

to I1 
2 7 25.4 :a 2 8 . 5  4 0 4  ' 264 to 444 . 10 9 to 11 
3' 34.8 ro 39.2 556 . iOOto dl2 I 10 9 to 11 
50 47 tq 52 -32 1 976 :o 328 1 !O 9 :J l l  

S M E  
1. The Ira3tnr.l ;=$a :cr rlcq .uclr?t clas= rrf:ecrs r3e best s d e  s a $ j .  as Setermulrd bv pne ra l  opcraraq ?ractlce. !3r 

:he mine cr~:d~::~r.s c m r r  ? l c n  .r,comct;t..c .I t::s :!145 are  , s e a .  The nl;?er +peeris isr  !arm? :ocorncrlr-es retiecttkc 
Twt !rat r5cr u e  I ~ C C  :n : a r p r  n:arS T::n r.elv!e? :rzcG:+. I r a  : p a r  rondttl0r.i wntcn Wrmu n 4 M r  xerattnq speed 

reaS3naole iLr.?-.: 

1. TLe lWVe pslr.-lncts r n u r  ~.lou.>:cr !cr .r.an.d;i;c:gri?c and %;yn :.ar'lltlons. Slnce 1 ;OCOmOClVc hzr a detnlte rated 
3rauorr wl i .  .rorsepo.utr tnlerances : ? l l l r  ::e correrpmd1r.z $wed :olerlncCs. 

S U P ~ Y Q . ~  5 8 ~ 1 ~ .  iwo-a. m s  I ~r 2 b u d  bluet, 1971 
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mmm mACMNC IAUS UUUAL ........... ..,.. I....... 0.. 

LOCOMOTIVE GENERAL DATA 

T R O L L E Y  L O C O M O T I V E  C A L C U L A T j O N S  

The lo& that a I a a a a ~ r e  can LLULL depend m r numbor d lrrats: lumely, 
wl@ on the drtrlng wheels. adhes1OD k C I n a  d r 1 ~ l 4  rheeL and rrll. ad 
train res ld l l l~e  w h u h  bcludes rolling tesLNDce, r c s w r  dw to curves 
ad reruunce due to padel. 

EPWJNG RESETANC? 
Rolling rrsl .rwe Includes frkUm d c u  fmmal~ and frictlm 
b . h n n  r h n l  tr0.d. a d  m e s  srd rzlL Widage LI n a  

vuuu ci rouhq reshtsnce widely, d e w *  w size 
d car. rk.th.r lour wbnl or eight w-1 em. the tird d 
jorunrlbarllqrmcur aadreight, aUgmeolafdb.LIII(d 
rall. Par u e w e  ealcuhtlam. tho vr lw d rol- resist- 
ance should ba estimated 1- data derhcd from ~ f b r l  ax- 
pmrlmce m property bow mdled. 

Wtnre mch data la w( anlhbl r ,  d w s  d 10 pmds p r  t m  
far cars 4 t h  bronze jamPrl bo8rLyl ud 20 parrdr p r  tm  
for c u t  r u b  baU or roller j avnz l  beuhgr,  u e  ured u 
repreuata!Ire d arerage colldltiau. 

RESRTANCE 
The resIs twe due to -0s hu an u y t  v l l w  d 20 parndr 
per tm. la a c h  prcent rLw La m e .  

In m h  v. c u m  frlctlo la Ireqwotly wgluted u r 
scprur a d  rpciflc prt d tn ia  rui.trace, since d y  a 
s m r l l p r t d W b . t r r ( n m o ~ ~ c m e . t r U m e .  11 
1s caaalderod u a prt d car a d  h k  1ricUm rad lhe rrlw 
se1d.d f o r  car a d  t r ~ k  i r H m  k hl@ en- to LKI& 
the f r t t i m  daa to c~... 

NwrE 
T o c a w e r t d r ~ e o d c u r r ~ e  to r d i u s  d e w e  h feetrhich 
Ir euier  to m.uurr. um. follorh.  farm- 

TRACTIVE EFFORT 
TrYUre elfort LI the force la o a m b  exerted at the &Wnc 

W E L  DRA- PWLL 
, L.r.1 Dravbu Pull IJ tb. pull la pmdI urrtod by the lao-  
maireat the drtrbu m leveldry Vul Under rviau cw- 
dm-, ~t LI prca d tbo actual weight d tb. b.aomatre. 
rhlch Ir c u d  pare- d rdh.rLaI. 

adberim-n -1 t r c d  (-1 drer  or rolled -1 rhcelr) 
+ad c1e.n dry st-1 n U  r t U  rbore 10 prcent, hare bcca ab- 
s e n d .  B a r e r ,  la m b  hruly. ch.rO Ir a wide nJIge In 
raU night, rllqrmmtandb- rad tn ruleoodlUw, w- 
hg from c l w  and to -7 and roL Thudore,  TUW 
for db.rlon must k baad m estimates i d  I ran  actnal 
m i e a ~ e  k. laamostrrs are rr(.d u foUws: '~ 
Rated Ruanla$ Drr rbu  Pull rWI: 

Stn l  ecd rbwh (Std w e 3  OT 
n n l  =heoh) 215% / 

C u t  [rat, chlllod trnd w&cb 20% 
Ratod Drrrbu Pull, r f tb  urd. a- 
SM t r o d  w h r l a  (@toel Ures or 

rolled n n l  rhnb) 10% 
Cast Irm, chilled treed rhoole 25% 

EFFORT A N D  DRAWBAR 
rl W u e n c e  between V~C% dart a d  level 

d r a m  prll k tb. force required to roll tb. re- loco- 
mahe, rb..l r- ad firrye8 0 m e s  or level track 
S l a e  most l awo t t r ea  are ewlppd rUb r0ll.r kuh@%. 
th. r o l l 4  resistance d a laomdire  Is emridered to ba 20 
poudr per to14 or 1% d Itr weight. Thardare. Y the Qrrr- 
bar puU d r locomdlre b 25%d U3 relght, tho T. E. rffl be 
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a,..... I.....,. . 1 *.... ..... 

I. Ic W. - 1t.pr~r.d horrt t o  l a a u a w  
L W .  - ILP. 1 . 7 4 4  4. . 

SCLLCTING T n L  PROCLR 
Thefollarn(formu~a~furnulli c m ~ o n i . a m c c W a l  e a t m a -  
tint the  r q u u e d  ru r  a L a o r n a m e  for a f l v rn  i p p l u r t ~ o n .  

I.  ram r e r l r f ance :  up pw R~ + ( ~ 0 )  
Dan m* - Rr (ClrZOI 

wnrre :  
R r  - Rollla# r r r w n c r  
G - G r a d e  IKI p t r ceo t  

2. Welg?~C ol l a o m a t r e  r q u l t d  t o  nwl i glr- l o d  
and ~ t r e U  on Iw*L or up a grw. 

w x - Z ~ O O ( X - . O I ~ - % ~ I O * ~ I  
r n e r r :  
L - W r l a  ol Iaaaah* la t a u .  (Tm - 1 0 0 0 )  
W ' W e U * d V . l l l q L m d L m l a u .  (Tta-t#)Or) 
Rt - T r a l a  r e s W r  I t M f t a t  
K - A M . 8 I a  (apreS..d U dU-I 
G ' C W  la prcrn 
Rz" L a a a a h r  roll&# r e a m *  (20 l b s / t a l  

1. R u d T r x t k o L L l o n -  1 0 W L x I K c . 0 1 )  

4. R a t e d D r r r b u P l l l l -  2000LX. 

5. R e q u u r d  RuuUng T r u t h *  Lllorr - UR* + I aGI  WR( 

a. R . g u u d R P a a * l y D n r b u P l l l l -  w r &  

1. H o r a v r r  r-ra - 
I c P . -  w 

SIZE  TROLLCY LOCOUOTIVC 
10. T L a u  to uc* f r r r ( e  

ra - 
wnrrr :  - Start- v* t a l t y  (mpk l  G: - * n a l n a  r * t a u y  (mphl 

7 8  - T h e  X C O l . m l  la S U M S  

11. DIS.IICI t o  X C I I * ~ ~  - v r v x f a x  I. 47 - cnl Y 
12. arrtcry f o r c e  - d m  

r - Zoo0 KL t w(& - IOG) - L U S I  

w h r n :  
K - AdlwLQ (&elmall 
G -G&u& IEpereQL 

13. B r U 4  f o r c e  - UP W* 
? - ~ 2 0 0 0 ~ )  w(R,+ I#) t L ~ D G I  

1 4  D ~ ~ . s c e  KO 8- (It) 
Db - - ~ U ~ ) ~ ( L * W ) Z Q O Q ( V ~ ' -  v23 
whore: 6 4 . 3 2 n  

v1 sad v2 ~ * l o c  y R. rn 
(1.41 k 'a - 1 MPU) 

t - ankh# e m e l m e 7  - .i 
I 0 8 r r t b 8  (Om0 - reladQ L. it. Fi - -d w-w In h. ,'SOC. 
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w -  - 
GOODMAN ELECTRIC LOCOMOtlVES 

FOR COAL MINING, METAL MINING AND NNNUlNG 

COAL MINING m m  m n m  c o m m a :  m . m # w n  

-8 WklDw War 1 0 . r  1- 1- 1a.w *+*I 

hm Mrb ROB 'Ikcbnrdlr 154 tY) 1738 

TE. ar 25% AN . 18s. 2.550 S.MO 7.m 5.000 5 . m  7.500 
voltage 86 % 128 120 2Sa WI 
Number Or MoWr I 2 2 2 2 2 
1 nc. HP ~ a c h   MOOD^" 18 25 41 M 30 5a 
TE. n i Mr. ne. lbs. r .a 3 6 6 0  4.900 5.300 3,450 6.300 
Speea I 1  Hr HP. M W '  4 7 6 0 5 0 7.0 6.4 5.6 
Miramurn Gauge. m u m  42 36 42 36 36 36 
Min~mum Cum RWrU. R. 18 35 36 16 35 46 
~ h ~ b a s e .  lncnn 60 89 90 1 W 09 1W 
Wrmr D i a m w .  I ~ M  16 26 26 30 26 30 
Hegm Owr Cmn.  tn. 32 32 29 1 JZ 3 
Owd Wdm. n w  €4 70 04 75 70 75 
~ e q m  WIO cwplem tn. 160 m ni ' 2# 223 2% 

' - - - r r ? . m = - m u - a  
' -~w.DI..- .vv-..rrwaPO.4-or.rsrr*. 

l R a t . € Y ~  
O W w  W UI 1t-w 11-ka n c  1- r + t l  bm 20.a k 
WW lrtrna 1738 184 Itr*b m 2m 
T.E. a 2% MH.. I h  4,000 5.m 5.500 5.500 7.m 7.50410.000 lO.M012,5(X1 
m 250 250 250 2% 250 WlMO 2% 
MUM o( ~n 2 2 2 2 2 2 2 
1 Hr. HP E y h  MObr . 30 41 50 60 65 IW 170 
TE. at 1 Hr. HI? Ibs 3.- 4.000 6.300 6.000 7.550 7.530 11.040 
bnQ u 1 nr HP. MW" 6 4 5 0 5.0 7.5 5.9 9.7 10.5 
Minimum Gwgc. mm 36 42 36 U 42 36 42 
Minimum Cum Radius n. 31 36 31 34 36 46 55 
WhwlBase.ln~m rS #) 66 04 90 1gO 110 
~ D i w o c n c h n  26 tb 30 26 . 26 3 36 
H a i g M O m C 4 H n  a. 32 29 36 28 29 (2 U 
@ad mdm. ~ncna 64 84 Soor&  74 04 & a m  6 7 ~ 7 1  
 eno om m C O U ~  m 223 ni 19 22a 231 261 rn 
0 ( 1 ~ 1 ~ q r c c . ~ - n u ~  mm-e--maa-- 

--YrID.l-mr9.=3-ULI~.r-- 

TUNNELING IU~WPWTRED 
O r m n 8  w Z - C . . W r  UI 1 D ( p l l S b n l ~ ~ ~ ~  
Wv h n r n T l b m Y r c l l m  l n 1 s b m B m  m 
T.E. at 2% ron.. w 1 . m  2 . m  3.000 4.m 5 . m  7.- 7.500 1 0 . m  15.000 15.000 
m 40 00 00 $0 00 240 l a  240 m 240 
Numbs of MaDcr 1 1 1 2 2 2 2 2 2 2 
1 HC HP Eacn Maw" 5.5 I4 20 20 19 40 50 75 125"' 125"' 
TE. n 1 W. W , b s  475 1.160 1.300 2 . ~ 0  2.740 4 5.300 8.OU 14.000 10.0s 
S w e d n l  M W. MPMN 3 7  4.0 4 9  4 9 5.1 6.0 7.0 6 9 6.6 8.5 

Mirvmun Gauge. ncha 18 10 10 24 24 13 36 36 36 
Mimimum CUM R 7 l8 9 14 14 22 211 28 31 47 47 
Whmlma~n~B~ 24 30 37.5 37.5 54 W 60 6s 1Oa 100 
WrWrrD iunm~Khs  14 16 21 21 26 30 30 33 32 W) 
n * p m O m m i n .  u U 55 55 52 W 63 611 65 64 
OmrWm.ncha jjma U 4 1 ~ 5 3  41or53 U U Q  5 4 ~ 6 0  W 64 I 05 
L W  *IEg CDUO*O. in. 71 1 144 1 U  ,153 t R  172 1 1  1 1  261 

s'I*?21112z&T&---- - w m - 
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MINIMUM RADIUS OF CURVE 
For Oo.ratim of  L o c m t i v * .  U i t h  Girw *ha1 O i r r U r a  hnd Ilk..lhmr. 
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, stcraac tar* ~g 1 
mruwIMU I r n  ' .  

LOCOMOtlVL GENERAL DATA 

AIR BRAKES AND AIR SANDERS 
A f r  b n k W  #y.tcmr may be dlvided lnt~ t w  type* mtraigbt lpstem urd Lw. la mlacr tbc a r s  m ad u u u t  ~ l p O d  
~IXI autamatlc A r t n @ h t  alr brake ryaum ta one whlcb vllh brrlrer, therefore. lb. ~ 8 U m  oaly W l t ~  lo rb. loco- 
appllem the brakes by ~ e t t m  a ~ r  -  he ayacem. AII auto- motive ItatlL H o r n e r .  chL ayaem doer lure  o m  dL.- 
matic air brake system Ir oa t  vhlcb app l ld~  the brakes by adnntace, ud that is, should then M a b t c l t  o r  1.a 
I e w a l r  outof the myatem, ad has rb. adrmuge  t h l  should the ILrU the b e e r  would fall Ar a d e l y  meamre. dl 
th .  alr line bm8kor leakthe brake1 rill be M( ummatlcIUy locornothes cqulppd ulth UIU r r w m  ut dm 
d l + a p ~ M l n l n  r u b  s M a r d  h a d  brakes. 

Tlw mtnight a l r  brake -stern is tb. one gentnl ly used on In Lbll wctioa. o d y  the d r a b M a i r  brake symtem IS emercd. 
. mine locomo(irem. The reamn bang, *.t 11 11 a r e v  simple as  U im the syrtem most r U d y  used on miru l o c o m ~ ~ e s -  

BRAKE AIR SAFETY 
MVERNOR AIR GAUGE COMPRESSOR VALVE 

*-- 

BRAKE VALVE VALVE FOR AIR 
SANDER CYLINDER M L R  

TYPICAL AIR BRAKE AND AIR SANDING SYSTtM 

I .  An irdeperdellt motor d r h e n  alr compremmr. 
2. A gwemor. 
3. One or  two brake cy l ide rs  depedlrig on Ula design 
4. (;kc o r  two a l r  UI*s drpcndlryon the aLu ol  locomo- 

t h e  ud type of w n i c e .  
5. A brake or  throttle M e .  
8 .  Aa air btraber. 
1. A malety d v r  
8. An alr  gauge. 
9. A c o r w c c q  n U c h  

10. Plpif!g rad 

1. The ladcpcrdcat motor drlven alr comprelmr serrer  
lo keep pr tmure  h the atr t-r The c o m p r e s ~ r  i s  
aude In tro rues.  10 a. It per m l a  a d  10 a f t .  
per min. The s h e  d.p.rdr 08 the total alr  dev~cer  
u w d  (whlch mi@& colulrt of alr nodera, aLr whistle. 
or other mcchalam other than Um alr b d e a  
rbfch -odd be operrtrd by ak) also thr mlse 01 B e  
locomothe, gradem, relght of trup etc. 

2. The g w c r m r  corumlm the amount or air that the eom- 
pressor suppllem to the ua. The o 9 s n t 4  pressure 
11 ordln8rUy w t  at  about 90 I b r  The gorrmor mu In 
aai rtlR1 the motor whlch d r h r  the air  compreswr 
at about 80 lbr. a d  stops Uw motor at 95 Ibr. The 
g w e r m r  L. adJustable tor a v e r y e  prerrum. 

J .  Tbc purpo.0 01 the b n k e  cy lMer  lr to convert air 
premnrre Ial~ m e c l u a I d  energy rhlch Lm l pp l id  
y.Inrt the bmke llr+.qo. [n rome i n ~ a t i o n s  o m  
c y i M e r  1s u . a ~  h which c a n  thi. one cyllrder w- 
e n l e r  the e w e  1-e. tn other Lnatallatlonr h 0  
cylladern are uaed, o w  0perrt.e Ib. brake I l d ~ y e  om 
each slde of Lb. locomotive. 

4. The air. uader pres.ute, 1s held h air -8. One o r  
two u n t m  a r e  ascd dcpcrding on rho amount of air n- 
qalred ard t h  design of the locomothe. 

5. The coruml 01 the b a r s  L. throu(lh a watrol o r  
throttle raw. Thlr M e  is HI corvtnrctsd that thr 
amount of a l r  let thr rystrm may be rutad.  thur 
embling the braking prerarre to be rdjusccd to wit 
rcqulrementr Where nro locomother o p e n t t  in 
permanent M e m  a a n u o l  d r e  18 loutsd on t h .  
primary locomotive ody,  which overslea th .  brakes on 
both locomottrer 

h o  locomothem Ln wparable M e m  may be unwed 
so Uu I  U~ere i. a con-1 r a v e  on each locomoclre. In 
thlr use tbe r r l r e  on each loeornottre =Ill operate the 
brake on that p a r t t d a r  locomott~e when the 10cOmO- 
t i n 8  a re  OpOrUed xpur te ly .  When opcntsd h t u d e m  
the control valve on Ulc  primary locomothe ~01ltrOll 
t L  brake syrtem for both locomother 

6. The air  S r r i r u r  cleaar the alr  before 11 gwm Into tb. 
compressor. 
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SERAPID 
USA. he. 

Grsrs 
Rigid Chain Engineering 

MOST FREQUENTLY ASKED QUESTlONS ON S E W I D  CHAIN 

P l e a s e  d e s c r i b e  t he  c h a i n :  
There a n  two main amponenu in a Serapirl Rigid chain sytem: 
- The chain itself, - The drive houung. 
The c h i n  is composcd of: 
- Side plates, which are fine blanked for preciuon tdemnce. The side plata intrrlock w i th  

each other and have mating arrfacts which are flat, and which pmvide the ptrsh fom. 
These mating surfaces are called heels. 

-Shaft pins, and v u i w  rnllen which art CNC machined, heat mated, then grnand. 
The drive hotaing u mmpaud of: 

- A drive shah on sealed berrinp, 
- h i v e  sprocket\ 1 to 6 depending on chain size, 
- Reartion plata made out of high gracle steel, precision machined, 
-Cast hnuung pair lor rucmbly of the rhove. 

How does i t  wo rk  ? 
Imagine holding a bar of steel in your hand. That is how the Senpid chain feck with the 
heeb (h t t i ng  sr~rfacc of l inh)  at the bottom. In own weight keeps i t  straight and rigid. 
The chain stay rigid under its own weight, or the applied load, because of the locking 
moment that Inch the l inlu together. 
Now pick up the free end and roll i t  back. It mils like a conventional chain. This is what 
happens thrnugh the drive housing. The c h i n  iq cnile~i 90 tlcgrecs or 180 dcgem to store i t  
out of the way. 
k the chain pushes. it tends to walk away from the .cpmkrlc. Thic is why thcchain is 
contained by steel wactinn plates inude the drive housing. The rcaction plata arc 
d d p e d  to take up the reaction to the pushing force. 

What a r e  t h e  t w o  h o l e s  i n  t h e  f r o n t  l i n k  for ? 
A pin n imul led in each hole to attach the front of the chain to the lord. 
The pin which is in line with the rest of the drain pins ii uurl for pulling the load. 
The other pin, which is in line with the chain heck is uxd for pushing. 

SERAPID 
USA Inc . l W B E A I . n D l ( n * T ~ . ~ * N O U I ~  

TI(: pJlO)54&as30 Fu: ( a l 0 ) ~  
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Rigid Chain Engineering 

The p ~ ~ r p m e  nF the p l ~ s h i n ~  pin k tn ensure that the chain I nch  11p dtlring ptrhing, l ~ y  
ensuring that the reaction frnm the Inrtl cnmcs back dong the chain heels. 

Does i t  need a g u i d e  ? 
No. The chain n deigned tn npente withnut a gnide. a$ long as the load Inch r p  the ch in .  
The chain is rieignetl tn cxccrt a fnree along ia heck when ~lrshing. ancl alnng i ~ s  pin5 
when polling. Nn ude lnad nn the drain it allnwed. 
A guide is nnly required if: 
- The chain may be sul~jcct tn ude or cxccntric loath, 
- The load is nnt centered an the chain, or is d i f f i n~ l t  to Inate, 
-The reactinn f o m  frnm the Inad (when pushing) k n o t  alnng the chain h c e k  
- The travel is too long in relation tn chain ize. Fnr exemplc, for 10 feet of travel. tning a 
g~liale may allnw the use of a 40 pitch chain, wherea withnut a yicie, a 60 pi& wntlltl Iw  
rcq~~ i rcd .  
Note: Glicles when ~rcccj ~ l n  nnt have to run the length of thc strnke. Fnr exemple. for 10 
feet s i  travel, .i feet only cnllltl he g~tiderl at the lngining nf  the stmkr, nr .i wctinm nf 1 
foot lrmg gsidcs c n r ~ l ~ l  Ile ttsed at rcndnm along the stroke, e t e  

tlow rnuch 'can i t  push ? 
1 d a N  ,= 2 . 2  l b s .  
Nominal P u ~ h / ~ a l l  forces range Fmm 110 llrc fnr the sixe 25 (plastic) chain. to 10,000 Ills for 
the 90J chain. 
l 'he smallest steel chain i q  the uze 40PS. with a nominal pushlpall f n m  of 16.50 l l r r  - 
What LT meant l ~ y  nnminal is: 
' I(" of stmkc. 
' CIrain a~ppnrted. 
' Chain nngeirled. 

No 4ncks. 
' Inw 5peed (up tn I 0  ieedminnte). 

Intermitlent duty. 
Horizontal trandatinn. 

I.nngerstrnkcs, highcr rptetls, ~ h n c b  present, heavy ILW. etc, all rcdecc the nnmit~al 
r a t i n p  

1\11 almve rating parametem armmalalc. 
Pleace call the factnr). for application engineering awistance. 

SERAPID 
USA. lnc . l U # E ~ R n r * T r g . M i s h l g u r ~  

Td: (010) 568-6530 Fu: (010) W-8963 
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SERA PlD 
USA, Inc. 

ap'rerz 
Rigid Chain Engineering 

Some n~la of ihumh: 
When the chain is guided. nominal capacity remains regardless of stroke. 
In  lifting applicatinns, a l t  nnminal capacity in half. 
When the strnke is doubled. a t  the chain capaaty in half. 
When the ehain is unguided and unsupported. cut the capacity by a third. 

How f a s t  can I r u n  t h i s  c h a i n  ? 
There is no actual limit to the speed of the chain. 
But like m y  mechanical system, speed means fvter wear. 
Some precautions can be taken to improve the wearability nf the ehain and component3 in 

high speed applicatiom like ramping h e  speed up md down to a v i t l  shock 
Plerx mnsult factory for application engineering k t a n c e .  

How do I l o o p  t h i s  c h a i n  f o r  s t o r a g e  ? 
Please lnok at the first page of our speafiation sheetr Shnwn are typical storage 
cnnfigurations, or chain retumr 
Simply, the chain must he stored when s p m  is araihhle. 
The most common chain n t u n u  are # 2.5, and 8. Al l  these chain re t t~nu  have a single luop 
$torage, and arc free. They nfFer the advantage of redaced stnage s p a ,  and yet dn not 
require a gtlirled storage maganne. The end of the chain is simply attached back to the 
drive hn~dng, antl the chain self supports itself. 
Please see page 12 of our spec sheers for dimensions. 
I f  the space available is still too small, thcn a multiple loap storage magazine is required. 

Does t h e  c h a i n  need l u b r i c a t i o n  ? 
Uwally no t  An &anal oil spray helps keep the chain dean antl free from m t  
In high speed and/or high cydes nppl iut iom it may be necmrry tn lubricate for heat 
di.ssipation and nduang.frictian between rnlling/slitling cnmpancnts. 

How do I s e l e c t  a  c h a i n . ?  
The main parameten of chain selection are: 
- What iq the force required to move your load, 
- How hr you want to move ir, 
- How faqt you want to move it 

SERAPID 
USA, Inc . 14C4EAl*nlWm Tmy.U*NOV, 48OM 

Tot (610) SM4530 Fu: (810) ssbOSO3 



ATI'ACHMENT XII 
Title: hliminaxy Waste Package DI: BCAOOOOOOa 17 17-0200-000 12 REV 00 

Transport and Emplacement Equipment Design Pagt:XI-34ofXII-50 

SERAPID 
USA, k. srsra 

Riid Chain Engineering 

Plcacc check other factors involved in  determining actual push force. ac shown i n  "how 
m ~ ~ d  can i t  push" paragraph. 
Plene fill nut our appliat ion questionnaire. or call the factory. Our Application 
Engineering Dept is d w a y  availrhle to a*.t you. 
Following a b v e  "rules of thumbw will a h  worlr, Lut verify your selection with our 

Appliation Engineering Dept 

What t o r q u e  do I need ? 
Once the t h w t  (push/pull) force is detennined, and the chin selected. 
toque is (inJbs) : f o m  (Ihs) x sprocket pitch (in.) : 0.1 (drive efiaency). 
I n  rolling Inad appliations, please r e m e m k r  to indude acceleration and dml. loads 

How do I c a l c u l a t e  ~ e r a p i d  s h a f t  speed ( R P M )  ? 
Trandation speed (leedmn) x 69 : pitch perimeter (feet) = Shaft RPM. 
Pitch perimelem 
Size 25 chain: 0.673 feet. 
Size 40 drain: 0.1(21 feet  
Sire 60 chain: 1 2 . .  feet  
Size 90 chain: 1.1154 f c c ~  

What motor  horsepower do I need ? 
HP at the Senpid drive shaft = Toque (in-lhs) x Senpid shaft speed (RPM) : 63W. 
To obtain input HP, the a b v e  figure must be devided by reducer/mntor effiacnq. 

SERAPID 
USA. Inc 
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Service Factors 
Using AGMA Criteria 

SEW-Eurodrwe gear units may be serv~d faaorsd using aiteria Duntkn at krv l t .  Uniform Modem Heavy E.tnm 
sn forth m me vanous AGMA Standards. (Harm per Day) L o d  Shock Shock shock 

For a) Parallel helical (Models R and FA) gearmoton b S I ~ d . 5 h o W  - - 1.00 1.25 

b) Rqm angle helical-bevei (Model gearmotors L e u  man 3 hours 1 .w 1 .w 1.25 1.50 ' 
3-10 horn 1.00 1.25 1.50 1.75 

AGMA usus s m b  dasses I. II. and Ill. which are bassd on: Ovu 10 hours 1.25 1.50 1.75 2.00 

moron 

Class I: Sleacty loadt no1 exceding normal rating and 
8-10 houn runnmg bme per day. 
Ssrvlcs Faaor 1.0 nuntmum 

Class ll: a Steaby loads not exmeding normal rafing and 
24  OM NMmg b W  PW day. 

b. Moderate shock loads. not e x w d i i  1.25 x 
Rated Load T o q w  Nnnlng 8-10 hour  p 

Class Ill: a. Moderate shodc loads. 1.25 x Rated Load 
Torque and 24 hours funnrog m e  per day. 

b. Heavy shoa loads. excaeding 1.25 x Rated 
Load Torque a M  8-1 0 hours running tim per 
day. 

S e m  Faaor 2.0 rnlnlmurn 

Retemnca AGMA Standard 601 9-€89 for S e w  Class l ings 
by appllcam. 

For. a) Parallel helical (Model R and FA) reduwfs 
el Rlam anob h d d - k e i  (Model K) reducers 

W?m the prime mar is a single or mukicylinder engine. me 
s w i m  factom mud be moddied by the folbmng: 

strm ud G u  
Turbineq HydrwUc 

or EluWk Motor 

Single 
Cylinder 
Engines 

Starting aditions where peak loads ex- 206% of rated load 
and af$ticabons with frsquM staft$ and stops nquin spedd 
load uu)ysis. 

c j  ~ t i h t  anile helical-worm (M&I ~j &cars Setvice Faaor l i n g s  by application may be found in: 
and geamu,ton 

AGMA 6010-E88 tor Models R. FA Md K reducers 
AGMA uses servica faaon for electnc moton. WtXnes. and AGMA 6034-A87 for Modd S redumrs and gearmoton 
hydraultc moron aslisted by me chart below. 

In me chaR Me reducer loading may Ee dast#ied as fdbws: 

(1) Unlform Load. Reanent rho& loads do not ex& me 
nominal speafied input or p n m  m u  power. 

(2) Moderate Shock Load. Racumnl thodr loads do not 
e x m  1.25 x me nomMl swcihd inpul or pfune 
mover power. 

(3) Heavy Shodr Load. R-nent shock loads do not ex- 
coed 1 .SO x h e  nomnal spwfied tnprr or prim mover 
mu. 

(4) E m m  Shock Load. Rscunen~ shodc loads do not 
0%- 1.75 = the runninal spedied input or pnms 
mover power. 

NOTE: The magnitude of any reanent shodc loads should be 
emrnated a determined through test by me system designer. 
Recurrent shod loads can be of such a than durawn mat they 
may not be mflsaed In motor amperage readings. In mese cases 
aaual loads are usually determined by main gaglng the driven 
shak of me mamine. 
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Helical-Bevel Gearmotors 

K# 
Kt06 
K106 
K1 OUR82 
Kloa 

7 s  
w 
o n  
low 
1068 
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Helical-Bevel Gearmotors 
Foot Mounted 

M 
TAP 

OUTPUT 
SHAFT 

Gearcase 
Model A B  BA D D B E E A F F A G H  J K O A  

Gearcase S m  Inch SenWopr~nol M C ~ C  k n c s  - 
M O ~ O I  wt a ae WJ 1 I u w v v o  K .V M J 

cs 993 USA 246 -ab(.arobunp.wllhoorndd i 

Motor 
DT DV 

Modol Q #) 100 1 1 2 ~  132s 1 3 2 ~  1 3 2 ~ ~  IWM 1 0 ~  100 200 225 
*g 5.43 6.73 6.89 740 740 921 921 9.21 10.75 10.75 12.01 12.17 

138 171 I75 188 188 234 234 234 273 273 305 309 
LB 2.52 3.35 3.35 3.15 3.15 441 441 441 6.14 6.14 6 14 6.14 

64 85 85 80 80 112 112 112 1% 1 156 156 
5.71 7 76 776 8.70 8.70 10.83 10.83 10.83 13.03 13.03 15.51 15.51 - 
14.5 197 197 221 221 275 275 275 331 331 394 394 

K M  c 23.31 24.06 26.02 27.32 29.09 29.96 32.32 32.32 34.17 - - - 
592 611 661 694 739 761 821 821 868 - - - 

KW 26.n 28.78 30.08 31.85 32.72 35.08 35.08 36.93 39.76 - - 
Z 680 731 764 809 831 89, 891 938 1010 - - 

K1W - 31.73 33.07 3.64 35.71 38.07 38.07 39.92 42.76 4465 47.87 - 806 840 885 907 967 967 1014 1086 1134 1216 

~nb 
h m M " O n s m ~ c  

OimenslonABistJmcr 
'Or wndul' 

LB l' for 
brake opnon 

Eyebons an removfl 
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8BW 
Mounting Positions z-", 

Helical-Bevel Gear Units I -W 

~UROOQ~VI Foot Mounted 
i .. a w w  --I a-n. 

- - .-. 
1 0 .  I V  m *, m -z?? - - - i - - .  

or- P = 1- - - 
- P - . - 

- '  

A 

:- p - - 

. I . -  

.- 
8 
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Helical-Bevel Gear Units 
Weights 

'- 
L i W ~ . n w e i g M s f o r ~ u m k s t o i l .  R--~showninmG.rUnltchutandoornUW-~ 
m t n o r w e c g ~ a m s h o m i n h e G . u m o t o r d r a n F u l h n g s d M d l o r h d ~ d ~ u w d l u ~ . m ~ l t o n a d d ~ e f i a n p s ~  
hollowthan weight shown in the C.u Unh cfiM (a negatrve value mnt be rubaactsd). For kakmoms add Um brake weight 63.d 
at Uie bottom ot the Gamnota &it?. 

Nm: Oil wighs appaximatdy 7.5 IbdgaUon (2 !Miter). Refemnca LukicltDcr Sheet fw M(W of oil Wuird. All weigh8 in 

~ . r  unn k.rmotor 

K66RI2 M 9 -2 K W W  I 105 117 132 - - - -  
K€dW e6 9 -2 KWW 100 107 119 134 - - - -  

MQ tor B N r b  6.5 6.5 22 22 26.5 33 53 55 
Addtor Do& 
D r  fWu - - - -  - - - -  

CS ffl USA 

u UHV~*WSVIU~-EI m m  
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Helical-Bevel Gear Units 
Lubrication 

Ambhl Ambian 
buu*')  I Typo 1 M m u h c ~ ~  1 7 7  Orr unh" 

.c 

For compound drlwr @ie 
R reduwr requires its own d 
MYnqushorminlha.born~ 
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Helical-Wvm Gearmotors 

~ r r p r t ~ a r  ~ v l p ~ s m  TWW. OHL R ~ M  or-lon 
Pa n. F m o r  1, F R ~  I Y d d  
UP mm IMn Ib C u r  h r  

Pwln 
S SF SA BAS 

NOTES: w um rlro rv r i lu~~e  u t w o  maa m bnsr -F a mow 0.g. SFU 0 1 7 1 ~ .  C ~ M J ~  ~~wmbly ~ m t r  la 
A1 vrlO Jlo .vrll.bk u sh& mourn Add kmr 'A' to mod., 0.9. Yb2 OT7lU. ~ w n P a g u n o t ~  
All uni8 r*o w.ilW. u m m q e  mocm Add Iear - A F  O modJ a.9. SAM2 DT7lC1. 
a * ~ l o r d r ( O H ~ ~ ~ f a S u d S F g u r m o l o o m d . n a r h R m i 6 p o i m  

S n P a g a I t Z l a ~  
' 

CS 943 U S  s6 I 
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Helical-Worm Gearmotors 
Flange Mounted 

Mpul Shaft ~nd, ~ e m n ~ o p n o ~   mu SCIW Flanqe 
Model U UY V VO Kwy M 1 1  An AJ AK 00 OD 0F OI ] 

D M o n  LB is for 
opdon 

Eye b o b  mmavrbl, 
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- -.k 
Mounting Pwitions 

HclicaCWorm Gear U n b  
v 2-= 
0 -rq 

Flange Mounted --+- m u -  

I., m I 
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HelicaLWorrn Gear Units 
Weights 

ov 
Yo6( llty 1 125 lttY 1 3 2 Y  1- lm 1- 1- 200 

S32 - - - - - - - - - 
SU - - - - - - - - - 
S52 - - - - - - - - - 
S62 131 144 - - - - - - - 
s2w2 - - - - - - - - - 
.%%a - - - - - - - - - 
m 1 79 1 92 240 - - - - - - 
s72R42 - - - - - - - - - 
ST2W - - - - - - - - - 
soz ni a4 335 354 rn 502 - - - 
sa2m2 307 320 - - - - - - - 
sa2w3 309 - - - - - - - - 
So2 425 43U 465 507 516 659 716 747 676 

SKW 459 472 - - - - - - - 
Sam63 461 - - - - - - - - 
Add ta W 20.5 33 53 55 55 W 90 93 112 
AddforDmw 
Dbclh*. - - - - - - 99 102 in 
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HtlicaCWonn Gear U n b  
Lubrication 

1 'A "' 
~ ~ u r a u t u ~ l r o m ~ ~ m t h ~ c ~ r n d g n b . . n d ~ d l u ~ t a ~ r p e o l l . d ~ p o r i a ; a T h r  
following l&ri- M wppli.d from our Norrh AmYian FadBks. Undrr rp#*l- sudr U high of bw unb*nr 
t ~ o p r i o r u l a b t h a r l d h - .  

For compound drives, the R 
r s d u r r ~ b ~ 0 i l ~ U  
~ i n t h o h r ~  
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HILMAN MC., HILMAN ROLLER CATALOG AP/94 
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&'JOT, NT, T SERIES 

~;[yT*q . !  
111 m ,-..-<-., .:-7- ' 

I 
I . ' .  . I 

L 4  L 
0 


