Waste Rock Disposal Options

Written by Steven Mitchell (2008)
Edited and Expanded by Joshua Willhite (2010)
Purpose

This report serves to identify potential sites that might be made available to receive the rock that is currently planned to be excavated from detector cavities and ancillary facilities from the Deep Underground Science and Engineering Laboratory (DUSEL). A brief summary is presented for each site, along with possible options for delivering rock to the respective repository.

Introduction

The intermediate to longer-term plan for the DUSEL calls for some 1,657,000 cubic yards of rock (including a swell factor of 50%) to be excavated, primarily from the 4850 and 7400 levels. The excavations are intended to be transformed into Lab modules, access drifts, and a "Large Cavity Detectors". For comparison, there are 2.2 million cubic yards of rock contained within the Yates Waste Rock Facility. The actual volume needed to accommodate DUSEL rock could be more or less than 1.657 million cy, depending on fill factors associated with potential underground disposal sites, whether the rock is direct placed or pulverized and slurried, and the compaction specification for rock placement at surface sites.

Discussion

Final selection of site(s) should be based on a basic engineering trade study that addresses such things as the costs, risks, and requirements associated with each site relative to environmental, health, safety, availability, permitting, time, public acceptance, method of transport, and post-closure considerations and constraints. Notwithstanding the availability and suitability of each prospective site, the all-in costs associated with each site will likely receive heavy weighting in site selection. For example, some of the sites could require significant expenditures for acquisition, permitting, development, operation, reclamation, and possibly monitoring, whereas other sites will require minimal or no costs for the same items. The all-in costs associated with rock disposal sites will comprise a significant percentage of the total cost for excavation and disposal. Ideally, the rock disposal sites should be located as close as possible to the excavation sites. More than one rock disposal site will likely be required in order to optimize all of the constraints and evaluation criteria.

Most of the potential rock disposal sites listed in Table 2 below are not owned by the South Dakota Science and Technology Authority (SDSTA) or the State of South Dakota. Each of the sites listed will likely require one or more new permits or modifications of existing permits from local and state agencies. Examples of the types of permits that could be required include a Conditional Use Permit from Lawrence County, a permit for a Solid Waste Facility from the SDDENR, and in some cases, environmental sampling relative to dust control and surface and groundwater contamination. Each site should be investigated for its availability as a rock disposal site before time and money is spent on evaluation and assessment of the site. For example, if HMC/BGC will simply not allow the Sawpit or Grizzly Gulch Tailing Facility to be used under any circumstances, then this decision should be reached in a timely fashion before further investigation of those sites is conducted. This will require involvement and decision making from Todd Duex, Bill Ferdinand, Greg Lang, and others within the Barrick organization. The need for permits will also need to be investigated once a basic engineering plan has been developed for a particular site. 

A listing of the potential sites and options for each site that have been identified to date are as follows.  Two images are included at the end of this document showing each location on topographic maps.  Additional locations were considered in unoccupied properties surrounding the SDSTA property, but were quickly discounted due to the legal implications of these locations.
	Site
	Description
	Location
	Usable Capacity (yd^3)
	Ownership

	1
	Existing Underground Openings
	Those openings that can be accessed with minimal ventilation and ground control from the 1550L to the 8000L
	200,000
	SDSTA

	2
	Open Cut and Caledonia
	Entire open cut
	10 million +
	HMC/BGC

	3
	Oro Hondo Shaft and Surface Area
	Fill the Oro Hondo Shaft and surface area
	TBD
	HMC/BGC

	4
	Grizzly Gulch Tailings Facility
	Below Grizzly Gulch
	44,000 +
	HMC/BGC

	5
	Kirk Hill Road
	Hillside opposite power plant
	TBD
	Lead?

	6
	Sawpit Waste Rock Facility
	Sec. 29, T5N-R3E (adjacent to Yates complex)
	TBD
	HMC/BGC

	7
	Wharf Mine
	Sec. 35, T5N-R2E (~5.5 miles by road W of Ross)
	TBD
	Wharf resources

	8
	Gilt Edge Mine
	Sec. 5-6, T4N-R4E (~6.5 miles by road SE of Ross)
	TBD
	State of SD

	9
	Kirk Fan Hill
	Hill above Kirk fans between Ross and Yates
	750,000 w/o moving creek and road, 2MM if moved
	SDSTA


Table 2: Potential Disposal Locations
A brief discussion of some of the advantages, disadvantages, and risks associated with each of the sites is as follows:

Site No.1, Existing Underground Openings

Every effort should be made to dispose of rock in those underground openings that can be accessed safely and cost effectively. Such disposal could be accomplished using one of two basic methods:

Underground Option No. 1: Rail haulage and rubber-tired haulage in fairly close proximity to the 4850, and 7400 levels.

Underground Option No.2: A slurry plant located on the surface, Tramway, or 4850 level.

Site 1, Option 1. The amount of waste that might be disposed of using Underground Option No. 1 is very limited. However, the method could be relatively cost effective compared to other sites. This method of disposal could be used to facilitate excavation of smaller Lab modules and drifts. Underground rail and rubber-tired transfer of rock could serve as a backup method in case the primary methods) of disposal were down for planned or unplanned reasons. This would help minimize delays with actual excavation work.

The available volume for rock disposal using conventional rail and rubber-tired methods is very limited, however, because of ventilation and utility constraints and the small number of unfilled stopes that are accessible or have a fill raise in place (Refer to Table 3, attached, which is entitled, "Open Stopes as of December 31,2001 "). Since the Ellison Shaft is not needed for ventilation purposes, it could be filled from the 300 level to the 2600, but getting the material to these levels would be difficult. Rubber-tired haulage would have to be routed through the Kirk Fan exhaust drift or a new connecting drift. Available capacity in the Ellison would be approximately 16,000 cy. 
A small percentage of rock derived from excavations on the 4850 level could be disposed of in existing stopes, raises, and drifts between the 4850 and 5300 levels. A large percentage of the volume near the 4850 campus has been used in the constructions related to the Davis campus.  Nearly all remaining space in this proximity is planned to be used for excavation of an exploratory drift near the planned large cavity prior to the main project construction.  Any remaining space may potentially be used during the time the primary rock handling system is being constructed. By completing track repairs in the 4850 17L header, waste could be loaded into 3-ton capacity granby cars and hauled to No. 26 Service Raise and No. 43 Waste Transfer Raise. If No. 26 Service Raise is not needed for ventilation or other purposes, a simple car dump could be established and the Service Raise could be backfilled. Useable volume in No. 26 Service Raise might only amount to 2,000 cy.
With proper ventilation and ground control, additional waste could be dumped in the No. 43 Waste Transfer Raise, which was previously set up with a camelback for dumping granby style cars. A two or three cy LHD equipped with an ejecto-dump bucket and/or a rubber-tired "waste jammer" would be used to transfer and place rock in drifts between the 5000 and 5300 levels. Spot coolers would be needed in conjunction with adequate airflow across the 4850 level and through the upper ramp system. John Marks should comment on the feasibility of this option, based on the ability to provide adequate ventilation for a few pieces of diesel equipment in the main ramp system from the 4850 level to the 5300 level in 17 Ledge.

Conventional underground rock disposal methods may not be very efficient, but might prove to be very cost effective for disposing of 10,000-50,000 cy of rock, depending on what shafts, winzes, raises, and drifts are not needed for longer-term operation of the Lab. The downside of Option 1 is the very limited volume of drifts and raises that can be accessed and filled because of ventilation, ground control, drift size, and utility constraints.

Site 1, Option 2. The multitude of underground drifts and raises outside of the Lab footprint could potentially hold a fairly significant amount of waste, assuming the rock could be crushed, pulverized, and slurried using a combination of existing and new sand fill pipe. The method may not be feasible, however, depending on the capital outlay required for grinding mill(s) and a slurry or paste plant. Ventilation requirements would also be quite demanding if the crushing and grinding equipment were located underground. On the other hand, operating costs of the system would probably be the lowest of any site or method for disposing of rock. As is the case with broken rock, the volume required for disposal of slurry is at least 50% greater than the excavated volume in the "bank" state.

There are limited opportunities to dispose of rock or slurry in areas around the 7400 level because of unavailability of drifts, raises, and stopes, as well as constraints on ventilation, ground control, and services. Therefore, rock from excavations on the 7400 level will generally have to be hauled on the 7400 level and transferred to the new loading pocket situated just below the 7400 level. After new hoists have been installed at No.6 Winze, rock can be hoisted to the 4850 level. From here, the rock can be transferred to the Ross Shaft. Under Underground Option 2, the rock would then be crushed, reduced in a rod and ball mill, SAG mill, or equivalent, and fed to the slurry or paste fill plant. Slurry would be preferable to paste because of long transport distances, small drifts, and limited access to drifts that could be backfilled. The slurry would be used to backfill the multitude of underground drifts, raises, and available stopes. Substantial bulkheads would be required at certain locations to protect the active Lab environment from a spill or catastrophic release of water from a failed stope or raise wall. This risk can be minimized by limiting the fill to those sections of drift that do not have raises or stopes directly connected to them.

Several options exist for locating a slurry mixing plant as follows:

Site 1, Option 2A: Locate new crushing, grinding, and slurry plant facilities on or near the 4850 level. This option would eliminate the cost of hoisting the rock from the 4850 level to the surface. The existing trolley raise and chute at No.6 Winze or the No.6 Bypass Raise could serve as a surge bin for coarse rock. An apron feeder and conveyor would convey the rock from the trolley raise to the crushing and grinding plant and slurry plant. Existing and new sand lines would be used to transport the slurry to underground drifts, raises, and stopes.

Site 1, Option 2B: Utilize No.6 Winze and the Ross for hoisting rock. The existing Ross Crushing Plant would be used to reduce the rock to minus ¾ inch. A rod and ball mill, SAG mill, or equivalent would be used to reduce the rock to a gradation suitable for slurry. Experience at the Homestake Mine showed that the sand fill product should consist of at least 15% minus 200 mesh material in order to provide bedding and lubricity for the sand fill pipes. A cycloned sand product of 100% plus 200 mesh was found to be too abrasive and rapidly wore out the rubber-lined sand fill pipe. The slurry plant would be located in the Ross Yard or Tramway level.

Ideally, the slurry plant would be located on or below the Tramway level in order to take advantage of the surge the Ross Crusher Bins would provide. An apron feeder and short conveyor would transport the minus ¾ inch rock to a slurry plant located a short distance from the Ross. Slurry would then be piped across the Tramway to the Yates Tramway. Here, the slurry could be introduced into the existing GGTF slurry pipelines and directed to the Kirk "borehole." This borehole extends to the 1100 level and could easily be reconnected to the main North and South sand line systems that extend, in parallel, to the existing "bathtubs" on the 1550, 2150, and 2600 levels. Below the 2600 level, the two sand lines diverge into a North system and a South system.

Alternatively, new sand holes could be drilled from the surface to 300, 300 to 800, and 800 to 1100 to tie into the existing North and South Sand systems. Based on previous experience at the Sand Dam area, it would not be prudent to attempt to drill one continuous hole from the surface to the 1100 level because of excessive hole deviation, even using down-hole surveying equipment. Possibly the 800 level could be bypassed with a surface to 300 hole and 300 to 1100 hole.

Site 1, Option 2C: Utilize the Ross Shaft and Ross Crushing Plant as with Option 2B, but locate the slurry plant on the 300 level as part of a planned development on that level. Planned development of this level has been eliminated from the project as of the PDR, making this option less viable.  The Ross Crusher Bins would provide the needed surge capacity. A transfer raise would need to be bored or driven between the surface and 300 or Tramway and 300 levels. New slurry holes would be drilled from the 300 to the 1100 level to tie into the existing North and South Sand Systems. Alternatively, the slurry plant could be constructed on the Tramway near the Ross, and the borehole from the surface or Tramway to the 300 level would act as a surge bin for the slurry product.

Site 1, Option 2D: Utilize the Yates Shaft for hoisting rock. The existing Yates Crushing Plant, with replacement of the one screen that was removed, could be utilized to crush the rock to minus ½ inch. An apron feeder and conveyor would convey rock in the Yates Tramway to a slurry plant located at the former South Mill stockpile area. The slurry would then be gravity fed through the existing slurry pipelines to the North Sand Raise or pumped through existing slurry pipelines in the Yates Tramway and fed, by gravity, through the Kirk Borehole to the 1100 level.
Site No, 2, Open Cut and Caledonia

The Open Cut and Caledonia may very well be the best sites for accommodating the majority, if not all, of the planned rock. Homestake/Barrick and the SDSTA would have to reach agreement on use of these areas, since surface title is held by HMC/BGC. One argument that has been voiced in the past is that the surface area of the freshly-broken rock could cause water quality problems underground. Arguably, the rock that would be placed in those two locations would contain fewer sulfides and should be more benign than the millions of tons of broken rock and sand fill that were originally sourced from the ore-bearing areas of the Homestake formation. Characterization of the rock to be excavated has been completed by Geochemica. This showed that the materials will have some drainage that could have an environmental impact, but the small percentage of this in relation to the water captured by the open cut and surrounding areas would dilute the impact well below limits.  The existing water treatment plant will have to be operated throughout the life of DUSEL anyhow. The Open Cut and/or Caledonia sites would require either a new permit or an amendment to the existing mining permits relative to the Open Cut.
All of the planned rock could be placed no higher than the 600 level of the Open Cut, which would not detract appreciably from the aesthetics of the Open Cut. The rock may also add stability to the west wall. The rock would have to be truck hauled, conveyed, or slurried to the Open Cut.
Site 2, Option 1: A concept was investigated in about 2002 or 2003 that involved driving a drift on the 300 level and installing a conveyor between the Ross Shaft and the Open Cut. Although this concept has good merit, the remaining rock pillars on the 300 level may not be good enough to accommodate a conveyor drift without incurring great expense for ground support. When the Open Cut was expanded in the 1990's, the center headers on the 300, 400, 500, and below, were found to have squeezed shut and were displaced downward by about 30 feet. The Ellison headers, however, were located more toward the southeast corner of the pit and were generally found to be in good condition with no appreciable ground problems or displacement. It appeared as though the area associated with historic underground mining around the present-day Open Cut hinged on the east side and subsided downward to the west. Before this rock disposal option is selected, one or more core holes should be drilled from the 300 level to determine the integrity of the pillars through which a drift would be driven.

Dust would present a concern, also, if the rock was allowed to cascade down the south wall of the Open Cut. A radial stacker could be used in conjunction with a dump dozer, which would reduce the free-fall of the rock being disposed of. Waste rock associated with driving all or part of the drift could be disposed of by backfilling the Ellison Shaft, if it is no longer needed as an exhaust shaft. Otherwise, development rock would have to be disposed of by backfilling the Oro Hondo Shaft or creating a small waste disposal area in the area around or above the Oro Hondo Shaft.

Site 2, Option 2: As with Site 2, Option 1, another concept would involve skipping the rock to the surface, crushing the rock in one of the existing crushing plants, installing a grinding unit and slurry plant, and pumping the slurry to the Open Cut via the surface or a new access drift on the 300 level.

Site 2, Option 3: Rock would be hoisted at either the Ross Shaft or Yates Shaft. The rock would be crushed to minus 4-inch through the primary and secondary crusher only. The rock would then be conveyed to a small storage bin in the yard area or down the hill to a bin near Kirk Road. Trucks would be used to transfer the rock to the Open Cut. Operating costs under this option would be high. Potential problems would exist with haulage on public roadways. Wintertime haulage would result in additional risks and costs. Periodically, winter haulage would have to be suspended because of inclement weather. This would likely cause delays in performing underground excavation work because of lack storage room for broken rock. The walls of the Open Cut would have to be inspected and maintained on a regular basis, which would be costly and difficult. Alternatively, rock could be hauled to a transfer point at the Caledonia or mouth of the Open Cut, for example. The rock could then be conveyed down the haul road into the Open Cut to reduce the exposure of people to highwalls. Inspections and maintenance of the walls of the Open Cut would still be required for those people who would operate and maintain the conveyor.
Site 2, Option 4: Identical to Site 1, Option 1, except the material would pass through the tramway and feed onto a pipe conveyor following the previous path of the Homestake pipe conveyor in reverse.  This option would dump over the edge of the open cut, and material would cascade down the walls to the bottom.  Sufficient volume is available to dispose of all material without moving the head of the conveyor or shaping the pile.  This eliminates the need for access into the open cut.
Site No, 3, Oro Hondo Shaft and Surface Area

The area around and above the Oro Hondo Shaft could be used to receive a sizeable amount of rock. This site would not have capacity for all of the planned rock, however. If the Oro Hondo Shaft is not needed, the fans could be removed and the capacity of the rock repository could be increased significantly. This could become an option if an existing VE option to install a new ventilation shaft is implemented.  The site would require capital outlays for site preparation, closure, and reclamation. Seepage from the rock could pose water quality problems. This issue could be mitigated by capping the rock facility and/or encapsulating the rock in an impermeable liner. HMC/BGC still owns much of this area.

Site No.4, Grizzly Gulch Tailing Facility

The Grizzly Gulch Tailing Storage Facility (GGTF) has capacity to accommodate additional rock or slurry. HMC/BGC owns the facility. Permitting would possibly be required. Fill areas would not exceed the original design envelope for the rock or slurry product. Pursuant to the existing design and operating plan, the pool elevation cannot exceed El. 5463, in order to maintain the required emergency storage capacity for a Probable Maximum Flood (PMF) plus a 100-year storm event. Within these constraints, there is considerable volume available for additional storage of sand or rock. Approximately 44,000 cy of minus 6-inch rock could be used as random fill as a base course for reclamation of existing beach areas, assuming the pool level will have been reduced. Additional storage is available toward the south end of the facility in the deeper pool areas. An operating plan to reduce the pool level and maintain a suitable water balance in the GGTF would have to be defined and managed by the parties.

Site 4. Option 1: Assuming HMC/BGC removes the slurry pipelines, the pipeline road could be used to haul rock from the Yates or Ross. Off-road, articulated, all-wheel drive trucks would work the best, since the initial section of road above the Oro Hondo is approximately 15%. Rock from excavations planned for the 300 level would be ideal for haulage to the GGTF, since only one public road would have to be crossed. An alternate haulage route would be up the Yellow Creek Road to the GGTF. Dust and narrowness of the public road would pose safety and environmental challenges.

Site 4, Option 2: If a slurry plant was constructed for Site 1 or Site 2, and HMC/BGC agreed, the existing slurry pipelines could be used to slurry rock to the GGTF.

Site No. 5, Kirk Hill Road

Several years ago, the City of Lead was interested in widening and improving the old Kirk Hill Road, which was a private road that was closed by Homestake some 15-20 years ago leading from Kirk road to Mill Street near the Ross complex. This site would only accept a portion of the planned rock. Since the additional wedge of road fill would have to be placed as engineered fill from the bottom up, a portion of the rock from the 300 level excavations could be hauled and placed at his location fairly cost effectively. Since these excavations have been eliminated at the PDR stage, the cost efficiency is lessened.  Flaggers would be needed at the narrow, blind comer by the Kirk Bridge. Other land owners may be involved at this location. Such a road, if maintained by the city or county, could benefit the SDSTA in providing additional access to facilities.

Site No.6, Sawpit Waste Rock Facility

There is room for a significant amount of additional rock at the Sawpit Waste Rock Facility (SWRF). Assuming a design could be developed and approved by the parties, additional rock could be placed, from bottom up, in the area of the storm water pond, top of existing facility, and westward to the access road that follows the barbed wire fence along the west side of the facility. Existing reclaimed areas would be disturbed. Upon reaching the final shape for the modified facility, the disturbed areas would have to be reclaimed.

Seepage from the SWRF is presently collected and treated at the Blacktail Water Treatment Facility. The longer-term effect of placing additional rock on, and to the west of the facility would have to be assessed in terms of any change to existing, and long-term water quality in Sawpit Creek. A new plan to control storm water would also have to be developed.

Site No.7, Wharf Mine

This site was mentioned as a possible repository for rock from the DUSEL. This site option needs to be fully evaluated and assessed using the final evaluation criteria. Haulage costs will likely make this option cost prohibitive, relative to other options. Haulage would have to occur on city, state, and county roadways. Tourist traffic would pose a potential problem in summer and winter. Periodic interruptions because of adverse winter weather would likely cause unfavorable and costly delays with concurrent excavation work.

Site No.8, Gilt Edge Mine

Unless the State of South Dakota would somehow benefit from having more suitable rock for this site, the option should receive low ranking in the formal evaluation and assessment process because of haulage costs, safety, and the fact that this is a Superfund Site.

Site No.9, Kirk Fan Hill


This area, centered about halfway between the Ross and Yates shafts, would fill in an inverted section of the hillside leading from the Yates entrance road down to the Kirk fans.  The option is very cost effective due to the short distance from the Ross headframe to the dump site.  Material would be crushed using the existing Ross equipment, but a conveyor that currently feeds a screen above the fine ore bin would be extended outside the building to feed a series of conveyors to the disposal location.  A storm water containment system would be required at the base of the hill to bring water into the underground to be mixed with the dewatering system and treated at the WWTF.  For disposal of all planned materials, Whitewood creek, Mickelson Trail, and Kirk Road would be relocated.  A structure would also be required to maintain the tramway path where it is above ground in this location.

This option has a significant impact on the community immediately adjacent to the Yates and Ross complexes.  No surge capacity is available at the surface, requiring either 24 hour operation or storage underground.  Noise and dust would be of primary concern.  A permit to use this land would require legislative approval in a process anticipated to have at least a two year duration.
Summary Table of Location Options:
	Site No.
	Description
	Method of Disposal

	Site 1, Option 1
	Underground Openings
	Rail/Rubber-Tired Haulage (backup system for development of the 4850 Lab Module)

	Site 1, Option 2A
	Underground Openings
	Slurry/Paste Plant on/near 4850 No. 6W

	Site 1, Option 2B
	Underground Openings
	Slurry/Paste Plant on/near Ross Tramway

	Site 1, Option 2C
	Underground Openings
	Slurry/Paste Plant on/near 300 Ross

	Site 1, Option 2D
	Underground Openings
	Slurry/Paste Plant on/near Yates Surface 

	
	
	

	Site 2, Option 1
	Open Cut
	Conveyor from Ross on 300 (or decline)

	Site 2, Option 2
	Open Cut
	Slurry/Paste from Ross on 300 (or decline)

	Site 2, Option 3
	Open Cut
	Truck Haulage from Yates/Ross to OC

	Site 2, Option 4
	Open Cut
	Surface conveyor from Ross

	
	
	

	Site 3
	Oro Hondo Area
	Truck, Conveyor, Aerial from 300

	
	
	

	Site 4, Option 1
	GGTF
	Truck or Conveyor Haulage from Ross 300

	Site 4, Option 2
	GGTF
	Slurry through existing pipelines

	
	
	

	Site 5
	Kirk Hill Road
	Truck Haulage from 300 Lab Module

	
	
	

	Site 6
	SWRF
	Truck Haulage

	
	
	

	Site 7
	Wharf Mine
	Truck Haulage

	
	
	

	Site 8
	Gilt Edge Mine
	Truck Haulage from 300

	
	
	

	Site 9
	Kirk Fan Hill
	Conveyor from Ross


Recommendations

Options related to underground storage have been eliminated from project consideration beyond short term use for early excavation and possible short term use during major construction if the primary handling system is shut down.  Low volume options, including the Oro Hondo area, Grizzly Gulch Tailings Facility, Kirk Hill Road, and Sawpit Waste Rock Facility, have also been removed from consideration.  These locations do not meet the total project needs and any work done to prepare them for use and reclaim would be additive to a final solution cost.  As previously mentioned, the classification of the Gilt Edge mine as a Superfund site eliminates it from consideration unless it benefits the State of South Dakota in some way.  This narrows consideration to the Open Cut, Wharf Mine, or Kirk Fan hill.  For the purpose of the PDR, only the Open Cut was considered as a viable option.  This location has more than sufficient volume for any planned or future excavation needs, is close to the lab site, and has an existing disposal permit for the type of material to be excavated.  The other two remaining options may be further investigated for final design.  

Sizing and handling the material has been presented with three options.  The first option, creating a slurry or paste and pumping, has a very high capital cost.  In the smaller volume areas, this capital cost could be offset by allowing more complete utilization of the available space.  Eliminating these areas from consideration, the benefit is less pronounced.  In the open cut, the benefits would include reduced dust and controlled filling profile (a pool rather than a pile).  This benefit is not expected to offset the cost.  In both additional options, material would be crushed to a size small enough to be transported.  The second option would include trucking from one of several proposed locations to the disposal site.  This option has a low initial cost, but high operating cost.  The transportation routes also add risk of property damage, vehicular accidents, and schedule delay from weather related road closures.  The final option, using a conveyor to transport material to the final disposal site, reduces or eliminates these risks.  This option ahs a higher initial cost and lower operating cost.  A detailed trade study was performed as part of the PDR development process to compare Site 2, options 3 and 4 with the final disposal site in the Open Cut.  This trade study concluded that the overall cost of delivering 1.5 million tons to the Open Cut via conveyor was lower than the trucking option.  Since the Wharf Mine would require a similar trucking distance, this conclusion can be applied to eliminate that location as well – conveying is not an economically feasible alternative at that distance.

For final design, it is recommended that further consideration be given to two additional options.  The first would be Site No. 9, Kirk Fan Hill.  This location presents an opportunity for reduced cost and improved access between the Ross and Yates complex if the contour were brought to Mill Street level.  Challenges include community impact, environmental permitting, and potential relocation of the road, creek, and path at the base of the hill.  This option should be considered in combination with potential liquid argon options from the LBNE experiment.  The second option that should be given further consideration would be Site 2, Option 1 – a conveyor from the Ross to the open cut underground.  This option has all of the benefits of the chosen option for PDR, with the added benefit of reduced public impact and costs (shorter straight conveyor out of the weather).
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