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Community Priority for First Suite of Experiments (1/2 page); 
Note;  Several topics presented by participants as essential inputs to engineering design (e.g. scale effects of size and time) have been incorporated  into the White Paper on  Scientific Geo and Bio R&D.            

1 Safety; (a) Establish high level safety standards for all aspects of DUSEL. Develop system for precise location of all individuals underground at all times e.g. personal GPS monitor badges at the Aspo URL, Sweden.  (b) Develop regional scale rock mass and stress distribution due to previous mining and to dewatering activities before construction. Study long-term stability of 40 year old Davis (neutrino) cavern as design input for very large caverns.
2 Excavation Engineering and ‘Mine-back’ Experiments; (a) use ‘R&D type’ Tunnel Boring Machine (TBM) for research to improve effectiveness of rock excavation, in conjunction with ‘mine-back’ studies (e.g. detailed examination of hydraulic fractures generated along axis of a proposed tunnel prior to TBM excavation) ; development of geophysical techniques to ‘see’ 1~2 tunnel diameters ahead of the tunnel face; (b) experimental verification of numerical predictions of explosion mechanics. (These could assist in blast designs to minimize cavern wall damage); (c) study performance of tunnel supports under dynamic loading [Supports installed in observation drift above large cavern before blasting.] 
3. Deep Drilling Technology. (a) Conduct full scale studies of effect of drill string vibrations on drill bit performance– with direct observation of bit drilling action at (various) depths, from surface to 8,000 ft (2.44 km)  (b) advance inclined drilling technology; (c) improve  technology for drilling and coring through high stress environments at great depth. 
4. Cost Control in Excavation at the DUSEL.

Expand the Data Aids in Tunneling (DAT) procedures used in cost control for transalpine tunnels, to consider the effects of uncertainty associated with using and refurbishing existing underground facilities at the Homestake DUSEL on costs.          
R&D Needs (1/2p)
1. (a)  Recent mine accidents in the US underscore the urgent need to develop much improved procedures for locating and communicating individually and continuously with every individual underground. DUSEL provides an ideal test bed to develop and evaluate such developments (Systems such as the ??? used at the Aspo URL are available)       

   (b). Much of the analysis and design for rock engineering projects is based currently on empirical rules derived from the performance of past projects. Engineers are being challenged increasingly to venture beyond current experience (e.g. large, stable detector caverns). Advances in numerical modeling allow more rational design, but these computations need to be calibrated/verified by observations of the actual performance of the rock mass. DUSEL provides a unique R&D facility to test and establish these more rationally-based design procedures.  
2. (a) The basic design of mechanical excavators has changed little in decades. Performance has improved largely by advances in materials or components (e.g. bearings, cutters). DUSEL will allow R&D to improve rock cutting procedures and the design of equipment. This R&D can be associated with mine-back experiments. The ability to ‘see’ one or two tunnel diameters ahead of the machine could provide warning of the proximity of adverse ground conditions and contribute greatly to improved safety and reduced costs. 
   (b)  Precise electronic detonators and numerical models of explosive loading of rock 

offer promise of improving blasting and rock conditioning technology. Small scale 

(say 2m x 2m x 5m) in situ block tests can help verify model studies and assist in blast design to minimize blast damage to excavation walls.  

   (c) Tests of the response to dynamic loading could aid in the design of supports for rock burst prone regions underground – and should be relevant to Homeland Security.   

3.  The deepest direct penetration into the Earth to date is the 12.262 km deep SG-3 on the Kola Peninsula. Started in 1960 it was completed in 1989. Increasing demands for improved deep drilling technology make DUSEL an ideal R&D site for drilling technology. Thus, the ability to observe damaging vibrations produced at the bit by waves induced in the drill string (surface to depth) could help reduce very costly bit failures. Directional and deviated drilling is a major technological advance for both exploration and production drilling. Direct underground access to the drill string can aid greatly in advancing this technology. 
4. International Workshop on Rock Engineering R&D Opportunities at DUSEL    

Much of the world’s mineral production and pioneering civil works projects are taking place on other continents. The task of defining the full engineering potential of DUSEL could be aided by an international workshop on rock engineering opportunities at DUSEL 
How to Arrive at Realistic Cost and Schedules (1/2p)
Several of the R&D initiatives discussed above involve substantial capital expenditures. 

(A TBM Machine, for example, could cost $10~$20 million. A rig capable of drilling 

 to 10,000 ft in ‘hard rock’ would also be of the order of several million. However, that there are persuasive arguments for obtaining industrial support for such capital items. (e.g. DOE will spend several billions of dollars in tunneling at Yucca Mountain if construction of a high level nuclear waste repository is authorized. Tunneling R&D at DUSEL should be able to improve tunneling costs by the order of 10% or more (i.e. hundreds of millions). Based on experience at other URL’s internationally, operational expenses to conduct the underground tests are estimated to be  

1(a) $500, 000/yr for 5 years; 
1(b) $250, 000./yr for 3 years. 

2(a) $ 500,000/yr for 5 years.  This does not include capital cost of TBM –to be purchased as part of DUSEL facility, DOE, TBM manufacturer or combination
2(b) $300, 000/yr for 5 years (will require licensed handler of explosives) 
2(c) $500, 000/yr for 3 years (exclusive of supports – part of DUSEL facility expenses?)      
3(a) $400,000/yr for 5 years (exclusive of drill rig - part of DUSEL facility?)

3(b) $400,000/yr for 5 years

3(c) $500,000/yr for 5 years (includes equipment design).
4     $150,000/yr for 3 years

5.  Workshop  $75, 000   

These cost estimates are very preliminary and can be refined considerably by discussion with equipment manufacturers, and with industrial groups.  
Education and Outreach Opportunities /(1/2p)

DUSEL is an exceptional opportunity for university disciplines related to underground engineering. In the 1950’s ~1960’s, the US was a prominent contributor to underground R&D. The US Bureau of Mines, US Bureau of Reclamation, US Army Corps of Engineers (developed first TBM in 1954); Shell Laboratories etc. were all engaged in underground engineering research. Events such as closure of the US Bureau of Mines, cutbacks to other agencies, closure of many mining departments, lack of major civil works projects in rock, etc. has dramatically reduced the US R&D activity in subsurface engineering. At the same time, the subsurface is becoming an important element of a rising number of technologies. Of the 200 or so Civil Engineering departments in the US, less than 10% advertise graduate programs in Rock Mechanics or Underground Engineering. 

DUSEL can provide a major and timely stimulus to underground engineering, helping to revitalize education in a nationally and internationally important technological discipline.        

Interested Principals and Collaborators.
Participants in the DUSEL Workshop discussions were; Antonio Bobet, Charles Fairhurst, Haiying Huang, Pinnaduwa Kulatilake, Ugur Ozbay, Fulvio Tonon. 

It is clear that DUSEL provides an exceptional opportunity for R&D by all educational  

and technology groups concerned with use of the subsurface. It is recommended that 
DUSEL staff and other interested groups develop promotional material (including talks to professional societies; negotiations for financial support from industry etc.) to inform them of DUSEL.  

Mining and petroleum groups face severe and rising challenges in resource exploitation; civil authorities must rely increasingly on the subsurface (clean water resources; waste 

disposal, etc) and need a better understanding of its complexity. All should be enlisted as supporters of DUSEL. This will require a vigorous public relations effort on the part of DUSEL management. 

Roadmap 
Costs
There are many engineering R&D applications for DUSEL. The above selection provides illustrative examples. The proposed International Workshop would certainly lead to others, some of which may take precedence over those discussed above. 

Costs estimates provided above are ‘order of magnitude’ only and assume that capital equipment can be purchased either directly by the DUSEL or acquired through negotiation with other government agencies and/or commercial companies.

Schedule and Staffing.

The discussion above tends to assume a 5 year program of R&D. Some studies (e.g. regional stress analysis, investigation of Davis cavern, blasting research) can be started 

as soon as the 4850 ft level becomes available. These studies will require geological mapping staff (2 for one year), rock mechanics and geophysics studies (4 total for 1 year) and cavern design (2 engineers for 1 year)      

Blasting (block) experiments will require 2 engineers (at least one certified to use explosives) for two years. 

Dynamic testing of supports will require one engineer plus one geophysicist for 1~2 years, to be available during excavation of the large caverns.

The larger-scale tests on TBM design and ‘drill-string ‘technology can be conducted

at any time, dependent on the availability of equipment and will require larger, specialized staff. 

