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1. PURPOSE
 

The purpose of this study is to present and document the conceptual design for a system that will 
transport and install drip shields over previously emplaced waste packages within the 
emplacement drifts. This study will demonstrate the feasibility of such a system and document 
major features of the mechanical equipment at a conceptual level. Installation of the drip shields 
within the emplacement drifts is envisioned to occur immediately prior to closure of the 
subsurface repository. 

Although preliminary, this study will discuss the major considerations for such an emplacement 
concept. The method and requirements for the transportation and emplacement of drip shields 
from the surface to the emplacement drifts will be discussed. Due to the radioactive and high
temperature environment within the empiacement drift, a brief description will be made of the 
electrical and control system envisioned to remotely control the drip shield gantry. 

2. REFERENCES 

2.1 PROCEDURES / DIRECTIVES 

2.1.1	 BSC 2007. EG-PRO-3DP-G04B~00016, Rev. 4, Engineering Studies, Las Vegas, 
Nevada. Bechtel SAIC Company. 

2.2 DESIGN INPUTS 

2.2.1	 BSC 2005 Q-List 000-30R-MGRO-00500-000-003 Las Vegas, Nevada: Bechtei SAIC 
Company. 

3. METHODOLOGY 

3.1 QUALITY ASSURANCE 
This informal study has been prepared in accordance with the Engineering Studies procedure 
(Reference 2.1.1). The Q-List identifies the Drip Shield Gantry as not Important to Safety and 
does not include any Systems, Structures, or Components that are Important to Waste Isolation, 
therefore the approved version is designated QA:N/A (Reference 2.2.1, Page A-II). 

3.2 USE OF SOFfWARE 
None 

3.3 DESIGN METHODOLOGY 

This study discusses the major considerations for a drip shield emplacement concept. An 
emplacement equipment concept, currently a gantry crane, is presented for transport of the drip 
shields from a surface facility to the subsurface; and emplacement of the drip shields within the 
emplacement drift. Due to unusual conditions presented by the radioactive and high-temperature 
environment within the emplacement drift, a description is made of the electrical and control 
system envisioned for the emplacement gantry. Also investigated are the interfaces between the 
emplacement gantry and the drip shield, the drip shield and the emplacement drift invert. 

800-30R-HEEO-00200-000 Rev OOB 4	 August 2007 I 
, ,." 

·~§.L.~.~;~,~:~~ ~::~t:~ii.,!'.  ...  



4. BODY
 

4.1 DRIP SHIELD EMPLACEMENT OPERATIONS 

4.1.1 Loadout 

Under the direction of onboard programmable logic control systems and monitoring from the 
Central Control Center, the drip shield emplacement gantry is designed to remotely collect a drip 
shield from the Heavy Equipment Maintenance Facility. A drip shield located in the Heavy 
Equipment Maintenance Facility is positioned at floor level and centered between the drip shield 
emplacement gantry rails allowing proper alignment for drip shield emplacement gantry 
engagement. The drip shield shall also be correctly oriented depending on which subsurface 
panel the drip shield is being transported to. The drip shield emplacement gantry enters the 
Heavy Equipment Maintenance Facility, drives forward and straddles the drip shield, raises its 
lifting features into contact with the lifting features of the drip shield, and raises the drip shield to 
transport height. Transportation shot bolts mounted on the drip shield emplacement gantry 
chassis will be driven into location features on the lifting features. This will allow the lifting 
features to be back driven slightly to remove the load of the drip shield off the lifting features 
during movement of the drip shield emplacement gantry. Once this operation is completed, the 
drip shield emplacement gantry moves (in the reverse direction from its entry) out of the Heavy 
Equipment Maintenance Facility facility. 

4.1.2 Transportation 

At an operating speed of one hundred and fifty (150') feet per minute, the drip shield 
emplacement gantry moves along the surface rail from the Heavy Equipment Maintenance 
Facility through a series of switches, so that the drip shield is in the correct orientation for 
emplacement. The drip shield gantry then continues to the vicinity of the North Portal, where it 
halts; and after inspection, proceeds in a reverse direction to the North Portal. The drip shield 
emplacement gantry passes through the North Portal, down the north ramp and curve (at the 
ramp base), to the repository level. The drip shield emplacement gantry continues to the turnout 
of the selected emplacement drift and stops. Once stopped at the entrance to the designated 
turnout, the position of the rail switch permitting access to the emplacement drift will be 
confirmed. The various positional sensors and devices on board the drip shield emplacement 
gantry will be calibrated to confirm vehicle location and to establish a drip shield positional 
datum point. When calibration is complete, the emplacement access doors are opened and closed 
as the drip shield emplacement gantry passes into the turnout and proceeds to the emplacement 
drift. 

4.1.3 Emplacement 

Within the emplacement drift, operational considerations require that drip shields first be 
emplaced at the far end of the drift and progress back to the drift entrance. The drip shield 
emplacement gantry enters the emplacement drift and travels down the drift at an operational 
speed of one hundred and fifty (150') feet per minute to a predetermined emplacement location 
where it will stop and confirm its location. Upon confirmation of position, the drip shield 
emplacement gantry raises its lifting features into contact with the lifting features and supports 
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the load. Transportation shot bolts will be retracted from their engagement with the lifting 
features. The drip shield emplacement gantry now raises the drip shield to its maximum height 
to facilitate drip shield location with a .previously emplaced drip shield. The drip shield 
emplacement gantry then moves forward at a crawl speed, nominally fifteen (15') feet per 
minute, to a predetermined position that istelative to the previously emplaced drip shield. At 
this stage, additional positional sensors and monitoring instruments, such as cameras and 
ultrasonic sensors, are activated. These instruments add confirmation for positioning the drip 
shield emplacement gantry and the drip shield it is carrying in relation to any previously 
emplaced drip shields. The drip shield emplacement gantry now proceeds forward at a slower 
speed, nominally one point five (1.5') feet per minute, until the required position is achieved and 
the on-board cameras have provided confinnation o(the final position to the Central Control 
Center. When the drip shield has been positioned, the drip shield is lowered locating it with the 
previously emplaced drip shield location/interlock features and placing the drip shield on the 
emplacement drift invert structure. TJie drip shield emplacement gantry lowers its lifting 
features to their lowest height and then moves at a crawl speed fifteen (15') feet per minute away 
from the drip shield to a predetennined distance and stops. When these actions are completed, 
the drip shield emplacement gantry travels back to the entrance of the emplacement drift at a 
normal operation speed of one hundred .and fifty (150') feet per minute. 

After passing from the emplacement drift into the turnout, the drip shield emplacement gantry 
approaches the emplacement access doors and stops. The doors are opened and closed as the 
drip shield emplacement gantry passes. through. Once through, and when the emplacement 
access doors have been closed, the drip shield emplacement gantry stops and is inspected, 
monitored, and the position of the rail switch permitting exit from the emplacement drift is 
confirmed. If the inspection and monitoring results are within the required limits, the drip shield 
emplacement gantry can continue into the access main and onto the North Portal. After the drip 
shield emplacement gantry exits the subsurface, it proceeds through a series of rail switches and 
returns to the Heavy Equipment Maintenance Facility to start another drip shield emplacement 
cycle. 

4.2 DRIP SHIELD GANTRY DESIGN 

The Drip Shield Emplacement Gantry, shown in Figure 1, is composed of several components 
and systems, including the gantry frame, linear drive system, hoist system with drip shield 
engagement attachments, electrical third-rail power system, and remote control systems. The 
gantry will be designed to utilize the Subsurface Electrical Distribution System (e.g., third-rail) 
and MGR Operations Monitoring and Control System that controls the Waste 
EmplacementlRetrieval System. Similarly, the Drip Shield Emplacement Gantry will use the 
rails of the Emplacement Drift envisioned for use by the Transport and Emplacement Vehicle. 

The gantry frame will be a steel structure designed to support its own weight plus the weight of a 
drip shield and any seismic loads or external forces anticipated. The frame will support and 
contain the screw jacks used to raise the drip shields. The frame will be supported by trucks, 
which are a fabricated assembly consisting of rail wheels, axles, brakes, suspension, and frame 
members. 
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The Drip Shield Emplacement Gantry is self-propelled, using four wheels, with one wheel 
placed at each comer of the gantry frame. Each wheel in the trucks is driven by a variable-speed 
electric motor through a gear reducer. Braking is performed through the integral brake within 
the AC electric motor. Integral brake motors can be purchased in a fail-safe configuration, 
where if the electric motor should lose power, the brakes are applied via a spring mechanism. 
All motors, including the screw jack motors, and any other operating components of the gantry, 
will be electrically operated and controlled. 

Figure 1. Conceptual Rendering of Drip Shield Gantry 
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4.3 INTERFACE WITH DRIP SIDELD 

The drip shield preliminary design utilizes lifting features. for the engagement and lifting of the 
drip shield. The drip shield gantry will have liftjng features that will engage the drip shield 
lifting plates and raise the shield to the required height for transportation. 

The Drip Shield Emplacement Gantry will utilize and interface with many of the same systems 
that the TEV utilizes. Systems that interface with the Drip Shield gantry may include. but are 
not limited to: 

• Emplacement Drift System 

• Ground Control System 

• MGR Operations Monitoring and Control System 

• Subsurface Electrical Distribution System 

• Site Electrical Power System 

• Maintenance and Supply System 

• Site Operations System 

• Site Communications System 

• Subsurface Fire Protection System 

• Subsurface Facility System 

Like the Waste Emplacement/Retrieval System. the Drip Shield Emplacement System must 
interface with the above systems and perfonn similar tasks. Therefore. depending on the length 
of time between the conclusion of waste emplacement and the commencement of drip shield 
emplacement. common interfaces may be used for both Waste Emplacement/Retrieval and drip 
shield emplacement. Key common components may include: 

• Main drift and emplacement drift rail system 

• Electrical and control systems for the emplacement drift 

• Emplacement drift turnout. 

4.3.1 Lifting Mechanism 

The Drip Shield Emplacement Gantry lifting mechanism is envisioned to be an ACME screw 
jack. Each of the four screw jacks will be located within each of the four vertical steel members 
of the drip shield gantry and will be individually driven by electric motors. Screw Jacks are 
sized according to the required lifting capacity. duty cycles. and total distance needed to lift. 
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4.4 DRIVE SYSTEM AND WHEEL/RAIL INTERFACE 

The Drip Shield Emplacement Gantry is self-propelled, using four wheels with one wheel 
mounted at each comer of the gantry frame. The drip shield gantry wheels will be double flanged 
on one side of the drip shield emplacement gantry and pain on the other. The rail is 11 ft gage 
171 lb rail. 

The speed control system will provide deceleration and the integral brakes will be capable of 
holding the gantry on a maximum grade of 2.5%. Integral brake motors can be purchased in a 
fail-safe configuration, where if the electric motor should lose power, the brakes are 
automatically applied via a spring mechanism. 

4.5 ELECTRICAL AND CONTROL SYSTEMS 

4.5.1 Electrical Power 

The preliminary Drip Shield Emplacement Gantry design utilizes an electrified third-rail 
(conductor bar) system as the primary source of electrical power for the vehicle. The third-rail 
power is part of the Subsurface Electrical Distribution System. The drip shield gantry will be 
outfitted with redundant power pick-up mechanisms to ensure a reliable and continuous source 
of power. 

4.5.2 Locomotion and Braking Controls 

The drip shield emplacement gantry will contain various electrical drives and their associated on
board programmable logic control and monitoring systems. The linear drive system will 
comprise four high-horsepower electric gear motors to provide linear propulsion. The lifting 
system will comprise four high-horsepower electric gear motors to provide lift movement. 
There will be numerous fractional horsepower motors providing motive power for locks, 
interlocks, and sensing devices. The drip shield emplacement gantry will also feature numerous 
external electrical devices that could include cameras, lights, positional sensing systems, 
positional monitoring systems, proximity sensing devices (to detect the presence of other 
objects), and radiation-monitoring devices. The PLC's and other monitoring controls shall be 
mounted within shielded electrical enclosures featuring internal air temperature measuring 
devices, and BVAC systems, and fire detection and suppression systems. 

4.5.3 Cooling 

The on-board cabinets house various electrical power and control devices, and will require active 
cooling systems for dissipating heat buildup. These cooling systems may simply be in the form 
of air conditioning units mounted to each of the enclosures. It may also be necessary to provide 
cooling to the drive motors themselves. Further investigation into motor cooling requirements 
will be necessary when considering the detail design of the vehicle. 

4.5.4 Vision System 

The gantry's vision system will provide operators at the remote control console with real-time 
feedback about the operating environment and vehicle performance. This system will consist of 
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several on-board high-resolution, articulated, closed-circuit television cameras and a series of 
high-intensity lights. 

4.5.5 Thermal and Radiological Monitorjng Systems 

The gantry will be equipped with thennal and radiological sensing instrumentation. These 
instruments will provide remote operators with the real-time status of thermal and radiological 
conditions within the emplacement drifts. 

The on-board thermal monitoring system will monitor the internal temperatures of drive motors 
and other mechanisms aboard the gantry. The system will alert remote operators if temperatures 
approach predefined operational limits and necessitating removal of the gantry from the 
emplacement drift. 

The on-board radiological monitoring system will continuously monitor the atmosphere inside 
the emplacement drift for trace radionuclide gases that would indicate a potential concern. This 
system will also record the cumulative dose raqiation exposure of on-board electronics sensitive 
to radiation. The system will alert remote operators of a malfunction or impending malfunction 
of various electronic devices that would necessitate the removal of the gantry from the 
emplacement drift for troubleshooting and repair. 

4.5.6 Fire Protection System 

The drip shield emplacement gantry frame, wheel blocks or trucks, wheels bearings, and shafts 
will be constructed from non-combustible materials. Various drive systems will utilize NEMA 
standards for totally enclosed, drip proof, and explosion proof motors. All other external 
electrical devices will be housed where practicable within NEMA enclosures. Electrical control 
and sensing systems for all drip shield emplacement gantry motions will be housed within 
dedicated enclosures mounted to the frame of the gantry. All cabling throughout the drip shield 
gantry will be of fire retardant quality. The electrical enclosures will contain an on-board fire 
detection and suppression system. The fire suppression portion of the system will respond 
automatically should an on-board fire be detected. The fire detection portion of the system will 
immediately notify remote operators, through the gantry control computers, of the location and 
nature ofthe fire. 

4.5.7 Communication System 

The drip shield gantry shall feature an on-board communication system that shall communicate 
through a Digital Control and Management Information System to the Central Control Center. 
The design of the drip shield gantry communication system is identical to the TEV system. To 
recap the design of the TEV communication system, between the central control center and the 
TEV considers the use of two systems. The system within the surface facilities, on the surface, 
within the North ramp, the access main and the emplacement drift turnout is provided by a 
"Leaky feeder" principle system which consists of a coaxial cable with the outer conductor made 
of wires spaced widely enough to allow the communications signal to "leak" out between them 
for a few meters. These systems have the advantage that they are currently in use to provide 
voice, data, and video communications in mines worldwide. In this case the TEV would be self
contained, and would operate untethered, relying on an RF antenna to provide a link to the cable. 
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Within the emplacement drifts where the environment is harsh, comprising high radiation and 
high temperatures, the principle considered is a "Slotted Microwave Guide" similar to "Vahle", 
SMG - Data transmission system. This consists of a rectangular cross section waveguide with a 
slot opened along its length. The waveguide channel is mounted to brackets such that the slot of 
the waveguide is at the bottom. The brackets are mounted to the same structure as the vehicle 
crane rails and the third rail. A probe antenna, mounted via a bracket to the chassis, protrudes 
vertically up into the waveguide channel and receives transmitted signals to the drip shield 
emplacement gantry from the Central Control Center and transmits return signals from the drip 
shield emplacement gantry to the central control center. A coaxial cable connects the probe 
antenna with the TE Control enclosure. 

5. CONCLUSIONS 

This study has shown that, on a conceptual level, the emplacement of drip shields is feasible with 
current technology and equipment. A plan for drip shield emplacement was presented using a 
Drip Shield Emplacement Gantry. The use of a Drip Shield Emplacement Gantry as an 
emplacement concept results in a system that is simple, reliable, and interfaces with the 
numerous other existing repository systems. Using the Waste Emplacement/Retrieval System 
design as a basis for the drip shield emplacement concept proved to simplify the system by 
utilizing existing Electrical and Control systems, and many other systems, structures, and 
components. 

This study describes an engineering design of a Drip Shield Emplacement Gantry, and is based 
on known and accepted engineering practice and principles. Individual components of the 
overall system were selected based on previous use in industry, where it has been shown that the 
component has functioned properly. This design combines different components in a 
configuration that satisfies the requirements for design. By relying on individual parts, 
components or systems that have been shown to function in industry, the resulting design of the 
overall system configures the subparts relative to each other into a system that will perform the 
intended overall function that is desired. 

Where practical, degrees of freedom of motion have been minimized to make overall functioning 
simpler and less complex than a highly sophisticated system. Capacities, strength of materials, 
speed and other engineering parameters are bounded to achieve a design that is within certain 
limits. Since the design uses components and systems that are not experimental, but have been 
applied under different working conditions, it remains to properly combine them relative to each 
other in order to achieve overall system results. Standard acceptable industry practice is used 
where applicable. The methodology, reasonableness, and selection of this design is documented 
throughout the study when the description and application ofconcepts are discussed. 
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