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SUBJECT: SDSM&T South Dakota Advanced Materials and Manufacturing Institute – 

Preliminary Facility Statement  
 
 South Dakota School of Mines and Technology requests approval of its Preliminary 
Facility Statement to begin planning for construction of the South Dakota Advanced Materials and 
Manufacturing Institute. This building would support and expand national caliber research and 
economic development associated with advanced materials and manufacturing.  
 

Initial building estimates would be for 42,000 square feet with a preliminary cost estimate 
of $20,000,000. SDSM&T has increased the number of research successes in the past 15 years. 
This research has resulted in significant economic activities in materials and manufacturing areas. 
SDSM&T is considering the southeast side of campus for this building’s location. 

 
The Governor’s Research Centers, combined with numerous multi-million dollar federal 

grants and contracts from the Department of Defense, the National Science Foundation, the 
Department of Energy, NASA, and industry have developed an impressive core of facilities that 
are having an economic impact on South Dakota. These operations and laboratory capabilities 
would be consolidated into the new building and not be scattered on and off the Mines campus. 
Leased spaces located in the Technology Development Laboratory on St. Patrick Street and the 
Black Hills Business Development (Incubator) could be housed in the new building as well.  

 
 Approval of this proposed project will allow SDSM&T to develop a Facility Program Plan 
to outline more specific project details and costs. Additional project details can be found in 
SDSM&T’s attached Preliminary Facility Statement and Equipment and Lab Survey Report 
(Appendix I).  The $150,000 budget for the Facility Program Plan development will come through 
the SD Mines Foundation.  This project was submitted as part of the Board’s FY18 budget request. 
 
 If approved, the Board President should appoint a building committee to oversee the 
planning of this project.  



South Dakota School of Mines & Technology 
Preliminary Facility Statement 

SD Advanced Materials and Manufacturing Institute 
 

1. General programmatic needs to be addressed 

 
Our general programmatic goal for this facility is to support the university’s goal to increase 
research, prepare science and engineering experts, advance knowledge, and catalyze 
economic development.  South Dakota has over 1,200 manufacturers and a business 
climate that is appealing to high value, high wage manufacturing.     
 
Over the past few decades, manufacturing has evolved from a labor-intensive set of 
mechanical processes (traditional manufacturing) to a sophisticated set of information-
technology-based processes (advanced manufacturing).  Advanced manufacturing is driven 
by science and engineering activities that migrate from university, government, or industrial 
laboratories through close collaboration, licensing or start-ups to factory floors. 
 
Research success in materials and manufacturing over the past 15 years at SD Mines has 
been significant.   The research done has resulted in a significant increase in economic 
activity in the materials and manufacturing area connected with the SD Mines.1   
 

 Before 2011, SD Mines was making 3-4 invention disclosures per year.  Since 2012 
we have averaged 15 per year.  (An invention disclosure is the first step to a patent.) 

 In the past 3 years alone, SD Mines has licensed 8 patented technologies to industry 
and has submitted over 30 new patent applications. 

 In the past 4 years, 9 companies in the materials and manufacturing area have spun 
out of the university.  

 The Incubator on the SD Mines campus is currently host to 21 companies and has 
launched 20 others since its establishment in 2007. 

 SD Mines has grown its engagement with entrepreneurs through an Entrepreneur-in-
Residence program that currently has 26 participants.  Several of these 
entrepreneurs have become CEOs of start-ups involving SD Mines technologies. 

 In the last four years, SD Mines start-ups have won first place in the Governor’s Giant 
Vision Competition three times and come in second once. SD Mines students have 
also experienced great success, winning first place in the student division the last two 
years running.  

 
The estimated required capital investment needed to build the Institute’s facility meeting all 
Export Control/ITAR/industrial-security requirements is $20M for a research building with 

1 Companies established with Mines technologies include VRC Metal Systems; Nanopareil, LLC; Innovative 
Materials and Processes, LLC; HF Webster; RPM & Associates; Flexible Robotic Environment, LLC; 
CALXAQUA, LLC; Black Hills Manufacturing Services; DarCEO; Nanocoatings, Inc.; and Endlas, LLC.  In 
addition to start-ups, Caterpillar located a design center in Rapid City which employs over 90 engineers and 
technicians because of the SD Mines.  The Research Centers at Mines also attract companies for 
collaboration.  Current company partners in the materials and manufacturing area  include Kaneka, Johns 
Manville, Continental Structural Plastics, PolyOne Corp., SGL Group, Teijin Co., Stratasys, Steelcase, MOOG, 
United Technologies, Lockheed Martin, Nordson-Xaloy, Boeing, American Axle, and Daktronics.   
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42,000 square feet +/-2000 square feet.  Appendix I includes an initial engineering 
assessment of space needs and types for the facility. 
 
The goals for success and expected return for this facility include: 
 

 Creation of 250 new jobs by 2025, which will contribute to the Tech 1K Rapid City 
initiative of adding 1,000 high-tech jobs in Rapid City; 

 Doubling the current expenditure of existing R&D centers and materials related projects 
to more than $15M per year; 

 Doubling the current enrollment of graduate students in PhD programs related to 
materials and manufacturing; 

 Creation of at least five new start-up companies in the first five years of operation; and 

 Local business growth due to the Institute’s activities. 
 
Within 10 to 20 years, many of the early trends and techniques that are now emerging in 
manufacturing will be widely adopted.  Advanced manufacturing will be pushed toward 
unforeseen frontiers.  Disruptive technologies will lead to the replacement of labor-intensive 
manufacturing processes with automated processes that rely on sensors, robots, and 
condition-based systems to reduce the need for human intervention, while providing data 
and information for process oversight and improvement. New materials will replace ones 
that are common today. 
 
The new frontiers in materials and manufacturing include:  
 

 New manufacturing processes for nanostructured and multi-functional materials; 

 Increasing the quality and variety of materials and processes for advanced additive 
manufacturing;  

 Expanding applications of electronics, embedded security devices and integration of 
complex circuits and systems into manufactured goods;  

 Connecting specialty materials to biological systems in advanced health care 
devices; and 

 Models, databases, and tools for rapid integration of new methods and materials into 
the manufacturing process. 

 
2. Analysis of the Student Body or Constituents Served 
 
SD Mines is the leading institution of higher education in the area of advanced materials and 
manufacturing.  Several undergraduate and graduate programs have strong emphases in 
this important area: 
 
BS Degrees: Chemical Engineering, Chemistry, Civil Engineering, Computer Engineering, 
Computer Science, Electrical Engineering, Industrial Engineering, Mechanical Engineering,  
Metallurgical Engineering, and Physics. 
 
MS Degrees: Biomedical Engineering, Chemical Engineering, Civil and Environmental 
Engineering, Computational Sciences and Robotics, Electrical Engineering, Engineering 
Management, Materials Engineering and Science, Mechanical Engineering, and Physics. 
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PhD Degrees: Biomedical Engineering, Chemical and Biological Engineering, Civil and 
Environmental Engineering, Materials Engineering and Science, Mechanical Engineering, 
Nanoscience and Nanoengineering, and Physics. 
 
Many undergraduate students and the majority of graduate students participate in research 
activities related to advanced materials and manufacturing.  Both equipment and 
instrumentation needed for the research are supported by numerous federal, state, and 
industry funded grants and contracts.  SD mines maintains well-funded research programs 
which generate an average expenditure of $14M per year.  The majority of this spending is 
associated with research focusing on advanced materials and manufacturing, supporting 
numerous undergraduate and graduate students. 

 
3. Additional Services to be Offered 
 
SD Mines proposes that a South Dakota Institute for Advanced Materials and Manufacturing 
be established at SD Mines to support and expand national caliber research and economic 
development associated with advanced materials and manufacturing. 

 
Governor’s Research Centers, combined with numerous multi-million dollar federal grants 
and contracts from the Department of Defense, the National Science Foundation, the 
Department of Energy, NASA, and industry have developed an impressive core of facilities 
and capabilities that are having an economic impact in South Dakota.  We propose to 
consolidate the operations and capabilities of these laboratories, currently scattered on and 
off the SD Mines campus, and create room for research expansion.   
 
The institute will include:   
 

Composites and Polymer Engineering (CAPE)* 

Advanced Materials Processing (AMP)* 

Additive Manufacturing (AM)* 

3-D Printing* 

Direct Write and Security Printing Technologies (DWL)* 

Surface Engineering (SE)* 

Corrosion Prevention Research 
Energetic Materials Manufacturing (EMM) 

Robotics and Automation 
Organization of Manufacturing Processes 
Computational Mechanics and Modeling 
Characterization and Testing 

Specialized Machining and Electrical Shops* 

 
Several entities indicated by a superscript (*) will be housed in the new building.  They will 
be relocated from the leased spaces located in the Technology Development Laboratory 
(TDL) at the St. Patrick Street and the Black Hills Business Development (Incubator) as well 
as from campus spaces, that are inadequate or do not support research expansion.  Final 
choices on occupants will be determined by a rigorous schematic block planning process.  
This will optimize group synergies for collaboration and equipment utilization.  The detailed 
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space analysis is included in Appendix I.  It should be noted that Advanced Manufacturing 
and Surface Engineering are part of the AMP facility and 3D Printing is a part of the 
Composites and Polymer Engineering Lab. 

 
The proposed South Dakota Institute for Advanced Materials and Manufacturing will serve 
as the catalyst and technology enabler for local, state and national manufacturing 
companies.  By increasing ties to industry, we plan to enhance the competitiveness of our 
industry, establish more firms, prepare students for employment, and create more high 
paying jobs in South Dakota.  

It is anticipated that the current spaces leased by the university at the Technology 
Development Laboratory and at the Black Hills Business Development would no longer be 
needed with the construction of this building.   

 
4. Compliance with Master Plan 
 
The preliminary facility design phase will consider at least two potential locations aligned 
with the master plan and suitable for the purpose of the facility.  The master plan envisions 
this and other research facilities being located on the southeast side of campus.  
Confirmation of the building’s footprint and support parking as well as soil stability will be 
considered in the preliminary design phase.  This location is in reasonable proximity to the 
electrical grid distributor but it will be necessary to have stand-alone heating and water 
distribution systems.  This location is suitable, consistent with our master plan, and would 
serve the university well.   
 
During the preliminary facility design phase, the university will also engage key community 
and industry leaders and is willing to consider locating the facility adjacent to the campus. 
One possibility is in a redevelopment area that will be designated as an innovation district in 
the nearly completed Rapid City master plan.  This option is to the west of campus between 
the SD Mines and downtown Rapid City.  This option would require the donation of suitable 
land from the city or a private donor, but could be a key transformative element as Rapid 
City develops and attracts more knowledge-based industry.  The university is aware of its 
role as a catalyst for economic growth and is willing to consider this possibility during the 
preliminary facility phase. 
 
5. Analysis of Needs Assessment Based on the Facilities Utilization Report 
 
While all of this research and economic activity associated with manufacturing and materials 

bodes well, the most significant barrier to continued research growth is lack of space. 

SD Mines has accommodated research growth in materials and manufacturing research 

through use of very low quality surplus space owned by the SD Mines Foundation, by leasing 

space, and by overcrowding research equipment. In our nationally recognized 

composites research facility, we have stopped accepting any research awards that 

require more equipment space, even if the equipment is donated. SD Mines can only 

continue to expand research in this high value area with sufficient and appropriate space to 

do the work.  
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6. Location 

 

 
 
Figure 1. On campus location of the Advanced Materials and Manufacturing Institute. 

 
 

On Campus 

Location 
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Figure 2 – Potential Innovation District Location  

 

7. Reallocation or Demolition of Old Space 

 
It is anticipated that the current leased spaces at the Technology Development Laboratory 
and the Black Hills Business Development Center would no longer be needed with the 
construction of this building.   
 

8. Proposed Funding Source/Sources 
 

The four university presidents with proposed research based economic development 

projects have jointly approached a major donor for matching funds to enable all of these 

projects to be accomplished.  Approval of the Preliminary Facility Statement is requested so 

that design concepts, schematics, and location assessment can be completed. 

 

9. Budget for Development of a Facility Program Plan 
 
Private funding through the SD Mines Foundation will be used for the development of the 
Facility Program Plan.  The approximate total amount of $150,000 will be used in phases, 
with initial expenditures minimized to support schematics and design concepts. 
 
 
 
 
 
 

 

 

 

Innovation 

District Location 
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APPENDIX I 

Equipment and Lab Survey Report 

Current Status 

All lab areas, with their equipment and instruments, were examined for a general overview 

of dimensions, utilities, working areas, and support needs.  In some cases, office and 

conference areas were integrated in the technical areas, but they were set aside for this 

initial analysis of all technical requirements.  A general approach in planning state-of-the-art 

labs is that offices are in separate zones of a building and not mixed into lab areas.  This 

avoids complications with utility systems, ventilation, fire safety, as well as materials and 

people corridors.  (Office areas will be defined in concert with SD Mines criteria.) 

The areas reviewed in the currently designated research groups had four types of space, 

each with quite varied technical and design criteria, safety considerations, and needs for 

flexibility.  The areas inspected were functionally quite similar to the space types and 

definitions cited.  From a safety standpoint, the lab areas are regulated by OSHA, while the 

people spaces are regulated by UBC (uniform building code). 

Each of the research areas was examined to determine which of its equipment and spaces 

were installed to the point of being fixed (I), which had a mixture of rigidity and flexibility that 

could be moved/altered with some expenditures (M), and which were fairly flexible with 

minimal cost or effort (F).   The ranges varied greatly across the research groups assessed: 

Group   % Installed (I)  % Mixed (M)  % Flexible (F)             

AMP    76   11   13  

CAPE    43   44   13  

DWL    54   46   0   

Mech. And Elec. Shops 75   15   10   

The averages were computed by sf (square feet) not arithmetically to be I = 62%, M = 29%, 

and F = 9%. The diversity is significant and often complex until individual inspection occurs.  

The reason for this data and analysis is to determine the degree of latitude a new building 

would have for placing labs, and the potential for moving them or their equipment when 

future programs materialized. 

 

Key Assessment Findings                                                                                                                                                                 

The following implications/conclusions are drawn from the physical audit and personnel 

conversations. 

 About 70% of the proposed facility will be technical space (labs and support), which 

is typical.  Another 15% would be allocated to shelled-in bay space for future 

developments and/or purchases of tall equipment.  Utilities would be installed. 
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 The remaining 15% will be various offices and internal meeting rooms.  (Conference 

rooms can be sized for better utilization, using best practices from industry.) 

 Of the currently installed equipment, 62% is basically fixed, 9% easily flexible, and 

29% is adaptable with some costs for change-outs.  When these areas are designed 

tightly and given room for growth, percentages will likely remain in that range, +/- 

10%.   

 Most of the fixed equipment/instruments should be on grade due to floor loading, 

materials access, and/or vibration characteristics.  An alternative is to selectively use 

more robust design specifications in some parts of the building. 

 The remaining lab, support areas, and offices, can be located on floors or in areas 

with typical standards and specifications for lab construction. 

 The FtF (floor-to-floor) height for technical areas should be 18 +/- 2 feet and non-

technical areas about 13 +/- 1 feet.  Open ceilings would be highly useful for utility 

drops and change-out costs. 

 Almost all lab areas require substantial utilities, especially electrical power in the 220 

and 440 V (volt) ranges.  Cryogenic tanks supplying lab gases would alleviate cylinder 

handling problems.  Chiller and hydraulic systems could be in isolated rooms or a 

central utility to reduce disruptive noises, especially those having loud or harsh 

frequency levels. 

 Significant mixing of labs, their equipment, and support needs exists.  In some cases, 

this raises safety issues or inefficiencies.  Zoning of support areas close to, but not in 

labs, would help. 

 

Space Estimates and Modeling 

Each of the research groups was analyzed for existing space usage, opportunities for 

separating mixed areas, conceptually redoing support rooms, and adding in growth needs.  

These were determined by discussions with lab directors and staff members.  Each area 

was examined for improvements in their working spaces, optimizations of room 

arrangements, and centralization of utilities if possible.  To be sure, these judgments were 

at a macro level, but with reasonable consistency.  Factors for growth and optimization were 

added to compute future space requirements and their type. 

Another approach was used to simply model this research facility with the general 

parameters and rules of thumb.  Rather than considering specific types of labs, a general 

lab module was defined that could be easily replicated through the building.  Technical 

support spaces were examined for an added 20% in the modeling.  The offices were 

estimated using typical sizes and people/lab ratios, and then administrative support and 

meeting rooms were added (10%). 

Comparing these two approaches, a first-size approximation for a research building is 42K 

+/-2K gsf (gross square feet).  This initial number may be supplemented by more 
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technical/safety requirements, but it is a good start. Concept development and block 

planning are needed to reduce it to +/- 30% confidence level, however, and detail 

design/engineering to obtain a +/- 15% level.  

Laboratories are inefficient compared to many other building types, due to the impact of 

corridors, walls, shafts, utility chases and the like.  These facilities range from 50-60% nsf 

(net square feet) to gsf, so the usable area is about half the gross one.  Thus, with above 

gross of 42K, the net would be ~20K with a 55% efficiency.  The two processes for estimating 

space needs arrived at ~19.7K nsf for technical spaces and ~3.5K nsf for people areas, 

including meeting rooms. 

 

Cost Estimates 

There are two categories of costs to be considered: construction and project.  The first 

includes direct building costs for all materials, labor and installed equipment, with a general 

rule that it includes everything within a perimeter of five feet around the facility.  However, 

the costs of expanding/running utilities and roads, adding parking/walkways, landscaping, 

and special site/foundation preparations must be included in planning, design, and bidding.   

The second includes the costs added to construction beyond the building and its support 

infra-structure.  These can amount to 10% of the direct: A/E (architect/engineer) and 

consultant fees, soils and other tests, equipment/goods moving, and installation, FFE 

(furnishings fixtures and equipment not installed), LEED and extra commissioning fees, and 

the usual miscellaneous expenses.  (Lab hoods and benches are installed and thus included 

in the direct construction dollars.)  The South Dakota Board of Regents has stipulated that 

all new buildings have a LEED Silver rating. 

At this point, a ballpark project cost for this facility could be in the range of $475/gsf at 10% 

non-construction costs.  (CBEC Building’s cost was $425-450/gsf for the project.)  This 

building will be at the higher end of costs, due to complexity, infrastructure, and necessary 

features.  Phasing may be an element of the concept development work, to match 

capabilities desired with funding. 

 

General Findings    

AMP:  All lab activities have recently been consolidated, so changes were occurring and 

various details were just unfolding.   Overall, the many pieces of equipment were well set 

up, with generally adequate distances between them for access (operations and 

maintenance).  Safety was well attended to as noted with equipment guards, signage and 

interlocks for the laser room and friction stirred welder (FSW).  Housekeeping was quite 

good, given the many support pieces of equipment and materials being processed.  There 

is quite a diversity of equipment/instruments in the center.  A sterile fume hood and large N2 

Dewar are being relocated to make room for a new program.  A large (8x18 foot) water tank 

is available for some studies and will be a challenge to move.  There are many arrangements 
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of benches, ovens and fume hoods to support the lab work.  Much of the equipment is heavy 

and uses hydraulics to function; this causes many hoses to be run from the generators to 

equipment.  The laser lab is safely set up with interlocks, signage and personal protective 

equipment, but caution is to be used around this activity.  The “foundry” past the physical 

plant has two divisions, one an equipment testing area with a large water station, and the 

other a cold spray development lab.  The latter needs several gas cylinders handled hourly 

and daily during operation; a cryogenic tank piped to the units would be a significant 

improvement.  {Utilities: 5 x 220 v and 3 x 440 v, with additional power for FSW (friction-

stirred welder).  Other instruments need several 110 v’s.)  Total current space is ~5,475 nsf 

and ~11,170 gsf.   Additional 7,000 gsf are needed immediately to accommodate stored 

equipment. 

 

CAPE: This lab in the TDL facility is loaded with unique equipment for its mission, but they 

manage its resources and situations well.  Many spaces are used in several modes: 

equipment access, changing layouts for run campaigns, and materials flows.  Adequate 

distances have been allowed for access to walk-in ovens and chambers, but other 

equipment requires rearrangement to use some processes.  Three isolation curtains are 

used to screen off and contain equipment that generates dust or fibers. Vacuum and point 

exhausts are used to control the situations.  There is good attention to safety as evidenced 

by safety glasses, equipment guards, and generally good housekeeping.  HVAC is erratic 

and not always conducive to either people comfort or technical reliability, but reasonable 

accommodations have been made.   Some equipment such as injection molders require 

vibration pads while others need to be in isolation rooms due to noise, with some levels 

bordering on unacceptable.  The layout lab needs reconfiguring, especially much better 

exhaust types (slot or canopy) than a large fume hood.  There are some delicate instruments 

needing isolation pads on bench tops.  There is a need to centralize systems to remove 

dusts, provide N2 and air at necessary pressures, and ensure other services are readily 

available in sufficient quantity.  Floor loadings must be at least 150 psf (pounds per square 

foot) and have enough integrity to maintain satisfactory levelness.  Some of the equipment 

to be moved is large (walk-in oven, autoclave, freezer, and maybe the spinning line) and will 

require money/labor to disassemble, move, and reinstall it.  {Utilities: 11 x 440 v, 5 x 220 v, 

and many 110 v's; the latter two will need to be doubled and the former as needed with 

capacity in the electrical room.)   Total current space is ~5,400 nsf and ~9,000 gsf.  Additional 

8,000 gsf are needed immediately to accommodate stored equipment in trailers. 

DWL: The direct write labs combine diverse activities from wet chemistry to an SEM to 

specific DWL equipment in a cleaner, more controlled atmosphere.  In the wet lab, the 

bench-top fume hoods are fully used, but the walk-in hood is poorly installed and not 

satisfactory.  Large open areas exist, but benches and cabinets are also fully used, with only 

modest storage available.  The SEM (scanning electron microscope) was recently repaired 

to use for various studies and requires vacuum and recirculated water.  The space includes 

workstations for seven.  The instrument lab needs good, consistent conditions for 

temperature and humidity, and houses supporting fume hood, gas cylinders and storage.  
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The AC unit is in a separate room to contain noise.  {Utilities: 4 x 220 v plus many 110 v’s 

are used; double that for the future.  The other utility needs are quite typical.}  Total current 

space is ~3,240 nsf or ~5,000 gsf.   

Specialized Machining and Electrical Shops: It is estimated that all machining equipment 

currently housed in CAPE and AMP facilities will be combined into one laboratory inside a 

new building.  Electrical shop will be added to satisfy campus needs.  It is estimated that 

these facilities will require 2,000 nsf (3,000 gsf). 
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Key Conclusions 

A new building can be designed/engineered to provide structure, utilities, efficiency, safety 

and adaptability that are an order of magnitude step change from what exists in the current 

research labs. 

Bringing together these technical capabilities---combined with multi-disciplinary 

collaboration---will substantially change how SD Mines does R&D and brings innovation to 

its stakeholders. 

Freeing up spaces currently used will open up considerably more area for both graduate 

and undergraduate education and its closely-integrated labs, in buildings that are currently 

over-subscribed. 

The existing lab/office needs---when augmented by best practice lab design and factored 

for growth of existing/new programs---will require 42K +/-2K gsf.  A preliminary project cost 

at this point is ~$475/sf.  Construction costs could be lower by the assumed 10% for fees, 

FF&E and other expenses. 

The size range for the building was estimated in two ways with good consistency:   

 Building up the current areas used factored appropriately for improved efficiencies, 

space optimization and growth.   

 Modeling all spaces based on typical values and best practices used in industry for 

laboratory facilities. 

Significant costs will be incurred to disconnect, move and re-install the equipment and 

support tools that exist in the facility today.  This cost could be ~$100-200K depending on 

what equipment is moved; relocation of offices and storage is quite straightforward.   

The preliminary information about the scope and character of this research building will be 

one of the most challenging ones to design/engineer that I have seen.  It will also be a unique 

addition to the SD Mines campus and the R&D facilities in South Dakota. 

While these findings should be thoroughly critiqued and vetted by the campus building 

teams, my experiences with this level of conceptual planning are consistent with what I see 

at Mines at the outset of a project like this. 
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