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MORE is D consortium of educational, govcrmental, and industrial partnas in cooperation with the 
state's Tribal colleges. Formed in 1994, our objectives are to develop and promoto energy-related 
research and education in the state of Montana and the Northwestom region. SpcciRcally, we sot out 
to: 

Promote Collaboration and Cooperation h a n g  Montana's Colleges & Universities 
Maximize Usc of Existing PcrsonneI & Resources 
Foster Partnerships with Industries, State Agancies, and Tribal Nations 
Enhancc Energy Research & Training 

Our 1 Imp1 ementation Orant consistcd of Mansgemail and Coordination, Human Outreach, md  two 
Research Clustors Petroleum Reservoir Characterization and Wind Energy. Ovmll, we considex this 
program to have been highly successful. That conclusion was mirror4 by our DOE site reviewers, and 
by invitations from Dr. Matesh Varma, the DOE/EPSCoR Nationd P r o g m  Director, to prcscnt our 
programs and outcomes 8s models fox other states die National DOWEPSCoR meetings. 

Human Resources DevelopmentCFaculty, Professional Staff, and Students: 

Althougb i t  is impossible to detenninc the exact influence of this program on its participants, thc principal 
investigalors fiom this project have been remarkably succcss~l, both as scientists and as leaders in the 
academic communities. 

Among tlie three program directors from the Univtnity of Montana (UM), Monlms Tcch (MTecli), and 
Montana Stab Univemity (MSU), Dr. Brotnenshenk, thc state-wide director, maintained a highly 
compotitive and successful, personal rescarch program. For several ycars, his research projccts have 
numbered amongst the largest tit UM in t a m s  of funding and number ofpeople supportcd, having 
received finding from DOT) and, more recently, thc Dcfmse Advanced Rescarcli Projects Agency 
(DARP A). 

Thc l a m  progmm has resulted in an innovativc detection technology for landmines that involvcd 
partnerships with three DOE laboratorics-SNL, ORNL, and PNNL. Tn 2003, Dr. Broincnshmlc L'onned a 
technology development company, which reoeived Board of Regents Approval- t he  2"d cornpnny to do so 
at UM. This company, UM, MSU, Sandia Labs, and S&K Electronics, a Native American-owned 
electronics firm, have in place memorandums of understanding and licensing agrecmcnts to 
commercialize the landminc detection system. SNL is a key player in this cxcl-cise. 

Dr. Daniel Bradley, the Co-Director at Mt Tech, began his affiliation with the l>OE/EPSCoR program 8s 
the Dean of Petroleum En@noming at MT Tech. He went 011 to beoomo thc Academic Vice Chicellor at 
Toch, and is now thc President of Fainnont State College in Wost Virginia. 

Dr. Hugo Schmidt, the Co-Dirwtor at MSU, has 'retired', but continucs to obtain research funding from 
NSF and is involvcd with the research tcmis under our currcnt DOE Ttnplementation &ant, He still acts 
as a principal proponent and participant in our out reach programs to high schools, especially Native 
Ameri can schools. 

Of the principal roscarcli investigators, all have been succcssful in finding external fbunding. The effect of 
DOE/EPSCoR was most apparait at MT Tech. Prior to DOEEPSCoR, most faculty conducting research 
at Tech wcrc funded by statc govmnent and local industry. Through a combiuution of DOElEPSCoR 
training m d  experience, new faculty hires by II ncw Resecircli Vice-President, Ur4 Joe Figuirea, and 
related faculty enhancement activities, MT Tech has become compclilive for federal grants. The DOE 
Pctroleiiin Reservoir program is still hcld up as a major accoinplislunent of the Geophysicnl and 
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Petroleum Engineering Dcpartmcnts at Mt Tech, and the Wind Energy component of the program has also 
received follow-on funding. Threo of tho young faculty involved with the program at Tech became 
department hcads, and a fourth became the D m  of Petroleum Enginming. 

At MSU in Bozeman, the mid-career anrl scnior scientists were already coinpetitive for federal grants and 
have continued to bo succcssful. Of the young fiiculty members, thrcc havc bccn vcry succcssful in their 
porsonal careers, fuiding new positions at largcr Universities in places like Wisconsin and Utah. 
Unfortunatcly, we were not successful in retaining thoin in Montana, We suspect that the overall low 
salaries that the Montana University system provides, based on a legislativcly dctormincd universi ty 
budgel, were illsufficient to retain thosc young faculty. 

At UM, of three young faculty, one left, then returned, and is now working under a joint UMNASA 
program. Two others have established succcssful careers in inquiry-based science education, with one, 
Dr. Carol Brewer, playing an important role on the Board of the Ecological Society of Amcrica, on K-12 
Education Committees of the National Rcscarch Council, and as tin associate editor o f  Coiiservatioii 
Biology. 

Anncliese Ripley, originally located a t  MT Tech, was thc HRD program coordinator for most of the 
DOWEPSCoR project period. She is now Dean of Outreach anti Research at Western Montana College. 
She took the program startod by Nina Klein at Mt Teoh and built it into a major HRD program, with 
fhding fkom multiple federal agencies. She then transfmed to Western Montana college, where she 
again built an entire I-IRD program. She was the first investigator at Western to bring in o v a  $1 million 
in pants and contmctv in a single year. Amy Vorlanic, who started iw a student assistant to Aniieliese at 
MT Tech, now heads the Technical Outreach Program at MTech. 

Similarly, most of our graduate students havc cither gone on to udvanced graduate work or professional 
jobs, and several havc bem cmploycd at our Universities, inoluding soinc that havc ranaincd with thc 
Wind program at Bozman, one who trained at UM and trmsfcrrcd to thc PWoleurn group at Tech, and R 
group of former students who are now affiliated with outreach programs at UM. In addition, n Bozcman 
studcnt started his own business and won a DOE laboratory parlners award, while two other graduate 
students at UM joinod in the formation of a computer visualization/modeling company in Missoula. With 
respect to yoiiuger students, our outroach to K-I 2 schools way particularly effective. We eventually 
reached 95% of the K-12 schools in Montana, including most oftlic predoininalely Native American 
schools. 

State and Industry Pnrticipstion: 

This Implemcntation program wm preceded by (L 1 Yr Planning Grant, and was overlapped by a 2 Yr 
Graduate Trainceship program invoIviiig inore than 50 graduatc students. Montana officially graduated 
from its 1 Impleinentation award in Dccmber o f  2000. 

Initial matching dollars for this six yew p r o p i n  were provided by the Montana University System and 
by the Montana State Tochnology and Alliance in the department of Commerce. Substantial additional 
match was providod by Petroleum and Wind industrios. As examples, MI' received $433,260 in 
legislative appropriations for 97-99, llnd $1,500,000 from DOE. During that sane time, the Wind Encrgy 
research cluster obtainod an additional $900,000 fi-om industry, Sandia labs, aiid related exteniul grants. 
The Petroleum Reservoir Characterization prqject was awarded inore than $350,000 in cxtcrnal grants, 
was provided with $804,000 in soitware donations, and datascts, including well logs md well oores 
costing more than $3 million. During the same period, thc thrcc DOE/EPSColl directors aiid the FIRD 
coordinator obtained more than $2 inillioii for research nnd anotlier $2 niillioii for Student Training and 
Outreach Education. The program provided at lcast partial support for 39 faculty and dozens 01' 



' undergraduate and ginduate students. All together, for every dollar invested by the state of Montana as 
mntoh, wc returned $1 1 in additional awards and contributions. 

Rcsgsrch Clusters: 

The objectives of the petroleum reservoir characterization research group wmc to develop three- 
dimensional models of oiVgas fiolds for the most economic development of the resource. Another 
objective was to train a new type of scientist, one who wauld be far broader trained in integrative 
disciplines such 09 cornputt.. visualization/modeling science and petroleurn engineering/goophysics. Ow 
planning etyorts revealed that Montana firms wanted professional employees who could better understand 
and commuiucate with experts froin different disciplines. The overall rationale was that better trained 
people and new, more sophisticated 1001s wefe necded to characterize and develop petroleurn resmvoim. 
Gas and oil production in Montana had bccn decreasing cvay year, and correct reservoir characterization 
had the potential of increasing annual production of existing fields with iniilimal additional cost. 

We started thc program with one induskid partner, Burlington Resources, formorly Meridian Oil. The 
test site wes the Rabbit Hills oil field near Chinook, MT. By the end of the progan, wo had 14 gas, oil, 
and computer business partners, including Burlington Resources, JN Oil and Gas, Rsllard Potroleutn, 
HGK Petrolcum, Marathon Oil, Betirtooth Oil, Johnson Oeophysical, Naioe Potroleurn, North American 
Resources (NARCO), Schlumberger/ Geoquest, Hampson-Itussell, Scott-Pickford, and SGT Computers. 
Montana students wero bcing trained and clnployed in Monlana. Reservoir characterimtions that 
hewtofore had bccn contracted to out-of-state firms were performed at MT Tech or by spin-off consulting 
finns such as Imagery Solutions, Inc. (httP://www.vizsolutions.co_Tnl). Montaia went from being 
virtually unknown by all but ti select group of petroleum spccialists to being at thc toy of the Googlc 
starch list for petroleum-relatcd research and education. 

Thc resultant final product was a hugc compiletion of data sets ax! repoa, including o major monograph. 
The spccific details of Ihc research were revicwed by the DOE site team in the fall of 1999, near Ihe end 
of the project,. A web-bad  template that organizes and provides u m a n s  of accossing the data sets 
appears as a seprnltc file attached to this report. However, the links to the dataset would nccd to be 
clctivatod on cl case by casc request, since this voluminous information resides on intornal servers at Mt 
Tcch, and thc data sets, after 3 years, would have to bc retrieved from archivcs. 

When wc began this program, sever81 large, out-o f-state-finns wcre looking toward Montana to exploit its 
wind energy rmources. -During the 1970'9, Montana saw a period of rcscarch and private scctor interest 
in wind turbjnes. Mowcver, the turbines that were erected in locations such 8s Livingston, M'T proved 
unable to withstand the frigid tanpsratures and howling winds, Quite literally, the winds combiiiod with 
stiff lubricants and ice rendercd the tiubines unusable. 

The primary objectives of the wind energy project were to: 1) iinprovc the structural pcrfomaiice of 
turbine blades for longer s m i c e  life at Iowa cost, and 2) assist in the commmcial developmont of 
Montana and regional wind resources. Initially, we mticipatcd establishment of large wind farms and ,set 
up, in coopcration with Mt Power and wind tinns, Rice Ridge Rcscarch Park on n sitc at the top of a ridgc 
ovalooking Ennis, M T .  We included state regulatory agcncics, considering a wide array of siting issues, 
as well as possible endmgcnnent of birds. Thcse studies continue to this day to help shape MT policy 
and siting guidelines. However, deregulation of the utilities industry shifted the mphtuis from large 
wind farms toward distributed, electrical generation systcms. In the find yoars of [lie project, we had three 
demonstration projects: 1) a combined wind and photovoltaics at Red Bluff, 2) a 100 Kw turbine on the 
Blackfeet nation, and 3) a grid enhancement turbinc in the Mudison vallcy. 

httP://www.vizsolutions.co_Tnl
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I Major indwtrial partners included Montana POWQT, Windmaster U,S.A., and AOC. A spin-off fim, 
Headwater Composites was formed to lay up composite blades for testing and manufadure. The wind 
energy program saw lho first commercial development o f  wind energy take shape on thc Blackfeet 
Reservation. More rwently, the turbines from Rice Ridge and the Madison Vallcy have been ro-located 
to Missaula, MT. MT Tech oontinues to conduct DOE research on intermittent power and integration 
with existing transmission lilIf33. 

The rcccntly formed College of Technology (COT) at UM, fonnerly thc Vocational Education School, 
has a new Dean, Dr. Paul Williamson. He and Dr. Bromenshenk, lhe DOE/EPSCoR director have bcen 
working to cred the Rice Ridge turbines in Missoula, t19 part of a new energy tcchnicians program at thc 
COT. At MSU, work continues on composite materials. Along with Sandia laboratory, MSU has 
produced a vcry large, national database on the structural properties of turbine blades, including fatiguo 
Rnd failure data. At the end of this project, Montana's wind program, with its NRL and SNL partnerships, 
constituted the Iargesl academicallybased wind energy program in the U.S. Tbree years later, many of 
the components of that program continue to be national resources for researoh, testing, and infomation. 
In addition, sevcral ofrhe students in the program continuc as professional staff at MSU. Also, Dr. 
Mandell, the principal investigator and team leadm has received national awclrds from tho wind energy 
industry for excellence in this field of study. 

Overall, our goal wati to accomplish by the end of the six year award, the development of new 
technologios in the fields of pctroleum and wind energy, to transfcr these technologies and results to 
industry, schools, ttnd the public, and lo strengthen thc state's economic base by producing new jobs, 
providing better training, partnering with cxisting industry, and foslering new industrics and businesses. 
All of these objccdves have been met. An attaohed Exccl spreadsheet documents preseiitutioii, 
publications, awanl~, relatcd-contracki and grants, and other outoomcs, lt conlains over 1000 entries, 
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In retrospect, the decision to not oiily hire new faculty and recruit studcnts, bat alvo to re-dircct and 
maximize the usc of cxisting personncl and resources, was a good one. In almost every case, the re- 
diroctd or re-trained professional staff and faculty beoamc and remained key players in the entire 
program. For new faculty, tbc personal accomylishrneiits were ovcrall good, often gcatcr than expected, 
but loss of sevcral of these scientists to otlicr institutions, while good for them and possibly thc country 
B wholc, was to the debimcnt oFthhe M.ontana universities, who gave than their start. 

Another area whcrc we were not as suc~ssfu) as might have been desjrcd was in generating ncw, 
patented ar copyxighted materials and devicos. Given the thrcc year interval sincc Ihe end ofthis 
program, we can now look back at this with some new found perspcctives. 

One roason that we did not have more outcomes of this typc was Ilut both the law and Uie culture of our 
institutions has had to hidamentally change. Prior to thc passage of thc Bahye-Dole act, thc ownership 
of iiitelloctual property was unclear aid often dificult to negotiate. Cerlninly, there was lillle incentive to 
oommcrcialize pro.jcct, when a wide m a y  of iiitellectunl property issues WMC unresolved. 

Second, in the strite of Montana, it was morc or less illegal for a scientist employed at (I unit of thc 
university o€ Montana systam to stat up or havc any signifionnt oconomic or managommt iiivolvement 
with a private business, That iinpedimcnt was reiiioved by passage of the Faculty Equity bill, stemming 
f i m  a bill (No. 349) introduced in tho Montana House ofliepresentntivcs duiing the 57''' scssioii, This 
legislation sets out guidelines for the relutionship bctweeii u privatc busiiiess, the univcrsity, and the 
employed innovator of the tcchnology. A mechanism involving Rcgents approval providu system of 
checks and balances to ensure that intcllcctual property rights, inooine, and other issues such a8 liceiising 
occur in a inanner that is inutually beneficitil to all pnriies. 



Several of ow DOE/EPSCoR opportunities, as wcll as the two startup businesses were used to illustrate to 
our legislatures thc importance and need to remove unnecessary impediments and to encourage orderly 
developmenc of these opportunities. Thus, under our new DOE/EPSCoR Implementation award, we 
alroady have four new businesses in the statc, several patents, and license agreements. As 8n example, 
Dr. Bromenshenk, the statewide coordinator for DOERPSCoR formed his own company in  May, 2003, 
received Regent's approval in September, has patcnts pending on two systems, and is negotiating 
limsing agreements with the University and with two othcr private companies. 
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Final Technical Report, 12/31/1999, Updated 12/31/03 I 

DE-FG02-9lER75681 I 

Overview: http://multimedia.mtech.edu/doe-epscor/PPTs/l998- 
2000/1998 - 2000overview.ppt 

MT DOEEPSCoR IMPLEMENTATION GRANT IN PETROLEUM RESERVOIR 
CHARACTERIZATION, WIND ENERGY, and HUMAN RESOURCE DEVELOPMENT 

MORE’S IMPLEMENTATION GRANT (September, 1994- December, 2000) 

Dr. Jerry Bromenshenk, Statewide Director 
MORE, Division of Biological Sciences 

Department of Physics 
Montana State University-Bozeman 

Nina Klein, Anneliese Ripley/Amy Verlanic, HRD Coordinators 
Technical Outreach, 
Montana Tech of The University of Montana 

PROLOQUE 

MORE administered Montana’s 1’‘ DOElEPSCoR Implementation Award, which encompassed a 
seven year period. In 2000, MORE was awarded a new Implementation Award in the research 
area of electronic transfer materials and devices, one of only three states to receive a 2nd 
Implementation Award from DOE. MORE submitted a final technical report for its lSt 
Implementation Award in 2000. An Executive Summary was also posted to DOE’S DEARS 
database site in 2000. This Summary has also been posted for more than two years on the state’s 
DOE/EPSCoR web site. It can be accessed at: http://multimedia.mtech.edu/doe- 
epscor/PPTs/l998-2000/1998 20000verview.~pt. 

In 2003, we received notice that DOE did not have a copy of our final report, including the 
financial and other close-out materials. This was surprising, since we had previously submitted 

http://multimedia.mtech.edu/doe-epscor/PPTs/l998
http://multimedia.mtech.edu/doe
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this information to DOE as part of the closure of this project, and had presented this information 
as an invited overview of the program at the DOE/NSF National EPSCoR meeting in Alabama. 
We also had a full and successful DOE site review in Montana in the fall of 1999. That review 
was at the end of the sixth year of the program, when the majority of the project was in its final, 
wrap-up phase. A Yr 2000, no-cost, extension was provided to allow a few, small projects to be 
completed and to provide bridge-funding until we received our new, 2nd Implementation Award 
on January 1 , 2001. 

The financial statements for this close-out have been submitted to DOE at least twice, before this 
current re-submission. Nevertheless, we gladly re-submit the required reports. However, since 
nearly three years have passed since the close of this project, we have taken this opportunity to 
update the Final Technical Summary, particularly with respect to longer-term outcomes of our 1'' 
Implementation Grant. 

EXECUTIVE SUMMARY 

ORE is a consortium of educational, governmental, and industrial partners in 
cooperation with the state's Tribal colleges. Formed in 1994, our objectives are to M develop and promote energy-related research and education in the state of Montana 

and the Northwestern region. Specifically, we set out to: 
Promote Collaboration and Cooperation Among Montana's Colleges & Universities 
Maximize Use of Existing Personnel & Resources 
Foster Partnerships with Industries, State Agencies, and Tribal Nations 
Enhance Energy Research & Training 

Our 1 '* Implementation Grant consisted of Management and Coordination, Human Outreach, and 
two Research ClustersCPetroleum Reservoir Characterization and Wind Energy. Overall, we 
consider this program to have been highly successful. That conclusion was mirrored by our 
DOE site reviewers, and by invitations from Dr. Matesh Varma, the DOE/EPSCoR National 
Program Director, to present our programs and outcomes as models for other states the National 
DOEEPS COR meetings. 

Human Resources DevelopmentCFaculty, Professional Staff, and Students: 

Although it is impossible to determine the exact influence of this program on its participants, the 
principal investigators from this project have been remarkably successful, both as scientists and 
as leaders in the academic communities. 

Among the three program directors from the University of Montana (UM), Montana Tech 
(MTech), and Montana State University (MSU), Dr. Bromenshenk, the state-wide director, 
maintained a highly competitive and successful , personal research program. For several years, 
his research projects have numbered amongst the largest at UM in terms of fbnding and number 
of people supported, having received funding from DoD and, more recently, the Defense 
Advanced Research Projects Agency (DARPA). 



The latter program has resulted in an innovative detection technology for landmines that 
involved partnerships with three DOE laboratories-SNL, ORNL, and PNNL. In 2003, Dr. 
Bromenshenk formed a technology development company, which received Board of Regents 
Approval- the 2nd company to do so at UM. This company, UM, MSU, Sandia Labs, and S&K 
Electronics, a Native American-owned electronics firm, have in place memorandums of 
understanding and licensing agreements to commercialize the landmine detection system. SNL 
is a key player in this exercise. 

Dr. Daniel Bradley, the Co-Director at Mt Tech, began his affiliation with the DOE/EPSCoR 
program as the Dean of Petroleum Engineering at MT Tech. He went on to become the 
Academic Vice Chancellor at Tech, and is now the President of Fairmont State College in West 
Virginia. 

Dr. Hugo Schmidt, the Co-Director at MSU, has 'retired', but continues to obtain research 
funding from NSF and is involved with the research teams under our current DOE 
Implementation Grant. He still acts as a principal proponent and participant in our out reach 
programs to high schools, especially Native American schools. 

Of the principal research investigators, all have been successful in finding external funding. The 
effect of DOEEPSCoR was most apparent at MT Tech. Prior to DOEEPSCoR, most faculty 
conducting research at Tech were funded by state government and local industry. Through a 
combination of DOEEPSCoR training and experience, new faculty hires by a new Research 
Vice-president, Dr. Joe Figuirea, and related faculty enhancement activities, MT Tech has 
become competitive for federal grants, The DOE Petroleum Reservoir program is still held up as 
a major accomplishment of the Geophysical and Petroleum Engineering Departments at Mt 
Tech, and the Wind Energy component of the program has also received follow-on funding. 
Three of the young faculty involved with the program at Tech became department heads, and a 
fourth became the Dean of Petroleum Engineering. 

At MSU in Bozeman, the mid-career and senior scientists were already competitive for federal 
grants and have continued to be successhl. Of the young faculty members, three have been very 
successful in their personal careers, finding new positions at larger Universities in places like 
Wisconsin and Utah. Unfortunately, we were not successful in retaining them in Montana. We 
suspect that the overall low salaries that the Montana University system provides, based on a 
legislatively determined university budget, were insufficient to retain these young faculty. 

At UM, of three young faculty, one left, then returned, and is now working under a joint 
UM/NASA program. Two others have established successfbl careers in inquiry-based science 
education, with one, Dr. Carol Brewer, playing an important role on the Board of the Ecological 
Society of America, on K-12 Education Committees of the National Research Council, and as an 
associate editor of Conservation Biology. 

Anneliese Ripley, originally located at MT Tech, was the HRD program coordinator for most of 
the DOE/EPSCoR project period. She is now Dean of Outreach and Research at Western 
Montana College. She took the program started by Nina Klein at Mt Tech and built it into a 
major HRD program, with funding from multiple federal agencies. She then transferred to 



Western Montana college, where she again built an entire HRD program. She was the first 
investigator at Western to bring in over $1 million in grants and contracts in a single year. Amy 
Verlanic, who started as a student assistant to Anneliese at MT Tech, now heads the Technical 
Outreach Program at MTech. 

Similarly, most of our graduate students have either gone on to advanced graduate work or 
professional jobs, and several have been employed at our Universities, including some that have 
remained with the Wind program at Bozeman, one who trained at UM and transferred to the 
Petroleum group at Tech, and a group of former students who are now affiliated with outreach 
programs at UM. In addition, a Bozeman student started his own business and won a DOE 
laboratory partners award, while two other graduate students at UM joined in the formation of a 
computer visualizatiodmodeling company in Missoula. With respect to younger students, our 
outreach to K-12 schools was particularly effective. We eventually reached 95% of the K-12 
schools in Montana, including most of the predominately Native American schools. 

State and Industry Participation: 

This Implementation program was preceded by a 1 Yr Planning Grant, and was overlapped by a 
2 Yr Graduate Traineeship program involving more than 50 graduate students. Montana 
officially graduated fi-om its 1 st Implementation award in December of 2000. 

Initial matching dollars for this six year program were provided by the Montana University 
System and by the Montana State Technology and Alliance in the department of Commerce. 
Substantial additional match was provided by Petroleum and Wind industries. As examples, MT 
received $433,260 in legislative appropriations for 97-99, and $1,500,000 Erom DOE. During 
that same time, the Wind Energy research cluster obtained an additional $900,000 from industry, 
Sandia labs, and related external grants. The Petroleum Reservoir Characterization project was 
awarded more than $350,000 in external g a t s ,  was provided with $804,000 in software 
donations, and datasets, including well logs and well cores costing more than $3 million. During 
the same period, the three DOEEPSCoR directors and the HRD coordinator obtained more than 
$2 million for research and another $2 million for Student Training and Outreach Education. 
The program provided at least partial support for 39 faculty and dozens of undergraduate and 
graduate students. All together, for every dollar invested by the state of Montana as match, we 
returned $1 1 in additional awards and contributions. 

Research Clusters: 

The objectives of the petroleum reservoir characterization research group were to develop 
three-dimensional models of oiVgas fields for the most economic development of the resource. 
Another objective was to train a new type of scientist, one who would be far broader trained in 
integrative disciplines such as computer visualizatiodmodeling science and petroleum 
engineering/geophysics. Our planning efforts revealed that Montana firms wanted professional 



employees who could better understand and communicate with experts from different 
disciplines. The overall rationale was that better trained people and new, more sophisticated 
tools were needed to characterize and develop petroleum reservoirs. Gas and oil production in 
Montana had been decreasing every year, and correct reservoir characterization had the potential 
of increasing annual production of existing fields with minimal additional cost. 

We started the program with one industrial partner, Burlington Resources, formerly Meridian 
Oil. The test site was the Rabbit Hills oil field near Chinook, MT. By the end of the program, 
we had 14 gas, oil, and computer business partners, including Burlington Resources, JN Oil and 
Gas, Ballard Petroleum, HGK Petroleum, Marathon Oil, Beartooth Oil, Johnson Geophysical, 
Nance Petroleum, North American Resources (NARCO), Schlumberged Geoquest, Hampson- 
Russell, Scott-Pickford, and SGI Computers. Montana students were being trained and 
employed in Montana. Reservoir characterizations that heretofore had been contracted to out-of- 
state firms were performed at MT Tech or by spin-off consulting firms such as Imagery 
Solutions, Inc. (http://www.vizsolutions.com/). Montana went from being virtually unknown by 
all but a select group of petroleum specialists to being at the top of the Google search list for 
petroleum-related research and education. 
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The resultant frnal product was a huge compilation of data sets and reports, including a major 
monograph. The specific details of the research were reviewed by the DOE site team in the fall 
of 1999, near the end of the project. A web-based template that organizes and provides a means 
of accessing the data sets appears as a separate file attached to this report. However, the links to 
the dataset would need to be activated on a case by case request, since this voluminous 
information resides on internal servers at Mt Tech, and the data sets, after 3 years, would have to 
be retrieved from archives. 

When we began this program, several large, out-of-state-firms were looking toward Montana to 
exploit its wind energy resoukes. During the 1 9 7 0 ’ ~ ~  Montana saw a period of research and 
private sector interest in wind turbines. However, the turbines that were erected in locations 
such as Livingston, MT proved unable to withstand the frigid temperatures and howling winds. 
Quite literally, the winds combined with stiff lubricants and ice rendered the turbines unusable. 

. 

The primary objectives of the wind energy project were to: 1) improve the structural 
performance of turbine blades for longer service life at lower cost, and 2) assist in the 
commercial development of Montana and regional wind resources. Initially, we anticipated 
establishment of large wind farms and set up, in cooperation with Mt Power and wind firms, 
Rice Ridge Research Park on a site at the top of a ridge overlooking Ennis, MT. We included 
state regulatory agencies, considering a wide array of siting issues, as well as possible 
endangerment of birds. These studies continue to this day to help shape MT policy and siting 
guidelines. However, de-regulation of the utilities industry shifted the emphasis from large wind 
farms toward distributed, electrical generation systems. In the final years of the project, we had 
three demonstration projects: 1) a combined wind and photovoltaics at Red Bluff, 2) a 100 Kw 
turbine on the Blackfeet nation, and 3) a grid enhancement turbine in the Madison valley. 

Major industrial partners included Montana Power, Windmaster U.S.A., and AOC. A spin-off 
firm, Headwater Composites was formed to lay up composite blades for testing and manufacture. 

http://www.vizsolutions.com
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The wind energy program saw the first commercial development of wind energy take shape on 
the Blackfeet Reservation. More recently, the turbines from Rice Ridge and the Madison Valley 
have been re-located to Missoula, MT. MT Tech continues to conduct DOE research on 
intermittent power and integration with existing transmission lines. 

The recently formed College of Technology (COT) at UM, formerly the Vocational Education 
School, has a new Dean, Dr. Paul Williamson. He and Dr. Bromenshenk, the DOERPSCoR 
director have been working to erect the Rice Ridge turbines in Missoula, as part of a new energy 
technicians program at the COT. At MSU, work continues on composite materials. Along with 
Sandia laboratory, MSU has produced a very large, national database on the structural properties 
of turbine blades, including fatigue and failure data. At the end of this project, Montana’s wind 
program, with its NRL and SNL partnerships, constituted the largest academically-based wind 
energy program in the U.S. Three years later, many of the components of that program continue 
to be national resources for research, testing, and information. In addition, several of the 
students in the program continue as professional staff at MSU. Also, Dr. Mandell, the principal 
investigator and team leader has received national awards fiom the wind energy industry for 
excellence in this field of study. 

Overall, our goal was to accomplish by the end of the six year award, the development of new 
technologies in the fields of petroleum and wind energy, to transfer these technologies and 
results to industry, schools, and the public, and to strengthen the state’s economic base by 
producing new jobs, providing better training, partnering with existing industry, and fostering 
new industries and businesses. All of these objectives have been met. An attached Excel 
spreadsheet documents presentation, publications, awards, related-contracts and grants, and other 
outcomes. It contains over 1000 entries. 

In retrospect, the decision to not only hire new faculty and recruit students, but also to re-direct 
and maximize the use of existing personnel and resources, was a good one. In almost every case, 
the re-directed or re-trained professional staff and faculty became and remained key players in 
the entire program. For new faculty, the personal accomplishments were overall good, often 
greater than expected, but loss of several of these scientists to other institutions, while good for 
them and possibly the country as a whole, was to the detriment of the Montana universities, who 
gave them their start. 

Another area where we were not as successful as might have been desired was in generating 
new, patented or copyrighted materials and devices. Given the three year interval since the end 
of this program, we can now look back at this with some new found perspectives. 

One reason that we did not have more outcomes of this type was that both the law and the culture 
of our institutions has had to fundamentally change. Prior to the passage of the Bahye-Dole act, 
the ownership of intellectual property was unclear and often difficult to negotiate. Certainly, 
there was little incentive to commercialize a project, when a wide array of intellectual property 
issues were unresolved. 

Second, in the state of Montana, it was more or less illegal for a scientist employed at a unit of 
the university of Montana system to start up or have any significant economic or management 



involvement with a private business. That impediment was removed by passage of the Faculty 
Equity bill, stemming from a bill (No. 349) introduced in the Montana House of Representatives 
during the 57th session. This legislation sets out guidelines for the relationship between a private 
business, the university, and the employee/ innovator of the technology. A mechanism involving 
Regents approval provides a system of checks and balances to ensure that intellectual property 
rights, income, and other issues such as licensing occur in a manner that is mutually beneficial to 
all parties. 

Several of our DOEEPSCoR opportunities, as well as the two startup businesses were used to 
illustrate to our legislatures the importance and need to remove unnecessary impediments and to 
encourage orderly development of these opportunities. Thus, under our new DOEEPSCoR 
Implementation award, we already have four new businesses in the state, several patents, and 
license agreements. As an example, Dr. Bromenshenk, the state-wide coordinator for 
DOEEPSCoR formed his own company in May, 2003, received Regent’s approval in 
September, has patents pending on two systems, and is negotiating licensing agreements with the 
University and with two other private companies. 

NARRATIVE: 

MORE’S research partners included the region’s major power, oil, and gas industries. The 
research clusters were closely linked with DOE’S Fossil Fuels programs, the Renewable Energy 
Resources programs at Sandia (Sandia), and the National Renewable Energy Laboratory 
(NREL). The Human Resources Outreach Program (MORE-HRD) became a national model for 
technology and information transfer. 

Our program emphasized statewide awareness and training in energy resources, brought 
scientists into K-12 schools and tribal community colleges, provided on-site training to rural 
schools, and emerged as a Connected Learning Community, featuring electronic 
communications and a mobile multi-media training laboratory. 

A short synopsis of the structure and achievements of each component of the program is 
provided below, including a synopsis of the program at time of graduation in December, 2000. 
Following that is a more expanded discussion of the HRD, Petroleum, and Wind-Energy 
Research Clusters. 

PETROLEUM RESERVOIR CHARACTERIZATION RESEARCH CLUSTER 

Petroleum Reservoir Characterization 
Dr. Charles Wideman, Department of Geophysical Engineering, Montana Tech of 
The University of Montana (now retired, working as an industry consultant) 

This program was funded by MT DOE/EPSCoR program in collaboration with Burlington 
Resources, Marathon Oil, JN Oil and Gas and Ballard Petroleum. The objective of the research 
was to develop three-dimensional models of oil/gas fields for the most economic development of 
the resource. The project had specific application to lengthening the producing life of some of 
Montana’s older oil fields. A unique aspect of the research was the degree of integration of inter- 
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campus researchers from various disciplines including reservoir simulation, applied 
mathematics, computer visualization, geology, and geophysics. Advanced computing tools such 
as visualization graphics and artificial neural networks were used to correlate data sets of widely 
varying types and physical scale. 

Final projects of the program focused on development of Self Organizing Feature Maps (SOFM) 
for the interpretation of seismic data and well log analysis techniques, petrographic image 
analysis using computer algorithms to automatically classify pore spaces by type and roughness, 
geologic models that are currently being used by JN Oil and Gas and Beartooth Oil, inversion 
techniques for reservoir parameter estimation, and 3-D seismic surveys from several of the 
region’s oil fields covering most of the field types being studied under DOE CLASS program. 

WIND ENERGY RESEARCH CLUSTER 

Dr. John Mandell 
Chemical Engineering Department 
Montana State University-Bozeman 

This program was funded by MT DOEEPSCoR in collaboration with Montana Power, 
Headwaters Composites, Glacier Electric, Atlantic Orient Corporation (AOC), and other U.S. 
wind turbine companies. The research objectives were: 1) to develop wind turbine blades with 
improved strength, resistance to fatigue, buckling, and structural dynamics; and 2) to assist in the 
development of the substantial wind resources in Montana and the region. 

Final research thrusts included improved blade structural design and manufacturing technology, 
modeling and testing of blade substructure elements including stiffeners, ply drops, and the 
development of improved reinforcing fabrics; measuring strains in the root section where the 
blade connects to the turbine, and validation of nonlinear buckling prediction technology, and a 
power quality study. A major avian study, fknded by NREL, was completed. 

Three wind turbine demonstration projects were conducted in Montana: a small stand-alone 
hybrid windphotovoltaic installation at Red Bluff, a weak radial enhancement distributed 
generation project using a 50kW turbine at Madison Valley, and a 100 KW utility grade turbine 
on the Blackfeet Reservation. The Blackfeet project served as a catalyst for further development 
of the huge wind resource in the area and as a focus for education and technology programs at 
the Blackfeet Community College. 

HUMAN RESOURCES DEVELOPMENT PROGRAM 

Anneliese Ripley/Amy Verlanic 
MT Tech Outreach Programs 
MT Tech of The University of Montana 

This program was initially funded by MT DOE/EPSCoR. Since its inception, it has grown to 
include the Department of Education, the Environmental Protection Agency, National Science 



Foundation, Federal Emergency and Management Agency, and private companies. It also has 
emerged nationally as a model program for technology and information transfer. 

MORE-Hm emphasized one-on-one training and follow-up activities in schools that effectively 
use computers and electronic communications. Teachers and students from middle schools, high 
schools, and tribal colleges were involved in ongoing wind energy, petroleum, and 
environmental characterization research. Highlights of the program included sustained contact 
with teachers and students in rural schools, an annual summer Energy Camp, a Connected 
Learning Community, a Mobile Multi-Media-Training Laboratory, and a new Minority 
Engineering Program (MEP) at Montana Tech. In addition, MORE-HRD provided a means of 
researching the effectiveness of inquiry-based approaches to education in K-12 and college level 
classrooms, improved assessment methods, and the involvement of students in hands-on 
research, both via participation with the research clusters and via the conduct of real-time 
research over the Internet. 

MANAGEMENT AND COORDINATION 

Dr. Jerry Bromenshenk, Director 
MORE, Division of Biological Sciences 
The University of Montana-Missoula 
Dr. Daniel Bradley, %o-Director 
MORE, Office of Vice Chancellor for Research 
(now President of Fairmont College, West Virginia) 
Montana Tech of The University of Montana 
Dr. Hugo Schmidt, Co-Director 
Department of Physics 
Montana State University-Bozeman 

MORE’S Directors maintained their own‘research programs, in addition to directing and 
coordinating the DOEEPSCoR program. Dr. Scmidt has a NSF study of non-linear glassy and 
relaxer behavior in ferroelectrics, a DEFSCoR investigation of large amplitude 
electromechanical response and fatigue of PMN-PT and PZN-PT crystals, a NASA inquiry of 
advanced materials for active noise and position control, and a NSF REU to support summer 
research for undergraduates. Dr. Bromenshenk directed a US Army Center for Environmental 
Health Research (USA CEHR) contract to develop novel methods for monitoring air quality and 
the terrestrial environment and a Defense Advanced Research Projects Agency (DARPA) 
contract for bioreporting and seeking agents of harm. This latter contract supported more than 
25 senior scientists from two universities (The University of Montana and Ohio State 
University), chemical analysis and instrumentation, microelectronics, and microbial 
bioengineering research groups at DOE’S Oak Ridge National Laboratory (ORNL), an 
explosives research group at Sandia National Laboratories (Sandia), a radio-frequency 
electronics group at Battelle Pacific Northwest National Laboratory, and microbiological 
specialists at the Monmouth Microbial Aerosol Laboratory in Oregon. This program ended with 
patents, a new business, and ongoing researchhusiness relationships with S&K Electronics, 
MSU, SNL, and N O M .  



Partners in Montana’s Resources: MT Department of Energy EPSCoR, 
December 2000, Graduation 

In December, 2000, The Montana Organization for Research in Energy (MORE) and MT 
DOE/EPSCoR announced the graduation of the Wind Energy and Petroleum Reservoir 
Characterization Research Clusters, as well as the start of a new set of research and human 
resource development initiatives. Begun in 1991, Montana’s DOEEPSCoR program supported 
research clusters in Wind Energy Development and Petroleum Reservoir Characterization, along 
with a Human Resources Development Program that has reached over 90% of Montana’s rural 
K- 12 schools and Tribal Community Colleges. 

MORE is committed to enhancing energy research and training in Montana. Overall, the 
program supported about 39 investigators and a varying number of undergraduate and graduate 
students. An underlying theme has been to better employ Montana’s science and education to 
develop environmentally beneficial energy technologies that use our abundant resources. 

Overall, the Montana DOEEPSCoR programs have been very successfbl. The HRD component 
reached many of the rural schools in the state, especially on tribal lands. Many aspects of the 
HRD program have been identified by DOE reviewers as a national model for HRD. The core of 
the HRD program at MT Tech has grown substantially since the inception of the program. In 
addition, two education specialists at UM now have successful research and educational 
programs of their own, with one receiving a substantial award in 1998 from the Hughes 
Foundation to promote undergraduate research. 

The Petroleum Research Cluster has successfully entered into partnerships with an expanding 
number of gas and oil industries and has received large contributions in terms of software, 
equipment, data sets, and student support. The Wind Energy program has developed into what 
appears to be the largest academically-based r6search group in Wind Energy in the U.S. 
Similarly, the DOEEPSCoR M&C team has been very successful. Dr. Schmidt at MSU 
continues to receive NSF awards, Dr. Bradley is now a College President, and Dr. Bromenshenk 
directs large research programs funded under competitive programs ‘fiom DoD. This latter 
project provides funding not only to UM but also to five research groups at three DOE National 
Laboratories. 

Project Wrap-up 

For the final phase of the Implementation Award, Montana’s M&C efforts moved from putting 
programs in place to planning and encouragement of activities leading to development of self- 
sufficiency of activities with diversity of funding an important goal. In addition, planning efforts 
were conducted that allowed Montana to successfully compete for a new Implementation Award 
that started in 2001, and which has recently been notified of a 3 Yr renewal. 

Reductions in DOE and State Match dollars caused our activities to become more tightly 
focused. The Management team worked closely with the Montana University System research 
vice presidents in developing budget projections and justifications for cost-sharing requests 



presented to the 1999 Montana legislature. The DOEEPSCoR program was also presented at a 
Legislative Reception at the State Capital in Helena on April 6 ,  1999. 

One of the state goals was to foster working relationships with the DOE national laboratories. 
Two of MORE’S components have been particularly successful in this regard: 1) The Wind 
Energy Cluster continues to work with DOE on the next Generation of Turbine Development and 
also has been funded by non-EPSCoR awards from Sandia National Laboratories, and 2) the UM 
M&C whose Director put together a research team of 25 scientists from three DOE laboratories, 
EPA, the Navy, Ohio State University, and UM. This team will received three years of funding 
from DARPA at a total project cost of more than $2.3 million. At the time of submission of this 
proposal, Dr. Mateja of the National DOEEPSCoR program, helped DOE investigators to 
identify appropriate contract avenues that would allow them to participate in a DARPA funded 
program coordinated by a University. 

In 1998 and 1999, M&C also worked closely with the HRD program. T h s  program has been so 
successful that several of the principal investigators have graduated to other sources of funding. 
MT Tech has developed a multi-agency program with federal and industry sponsors and has been 
working on web-based resources for teachers, as well as a mobile multimedia-training lab. As 
mentioned, that model was then duplicated at Western Montana College by Anneliese Ripley. 

At UM, Drs. Brewer and Brown were very successful in establishing model programs in Inquiry- 
Based Education. In 1998, Dr. Brewer received a large Hughes Grant and Elaine Caton received 
a three-year NSF Schoolyard Ecology post-graduate award. In 1998, Dr. Bromenshenk, the 
DOEEPSCoR M&C Director worked with Mr. George Bailey to tie the HRD program more 
closely with the UM School of Education. Together, they conducted a teacher education 
workshop in Colstrip, MT in September 1998. Shortly after, Mr. Bailey received a 3-year, $10.5 
million award to establish an Earth Observing System Natural Resource Training Center (EOS) 
Center at UM. EOS ties NASA research into an educational outreach program for K-12 schools 
and builds on the GLOBE system of schools around the world. More recently, Mr. Bailey 
obtained a large grant from NASA to help transition space-platformed based technologies to the 
private sector. 

MORE’S directors have continued to pursue development of interactive web pages aimed 
primarily at undergraduate education. At MT Tech, the HRD program has vigorously promoted 
a variety of electronic communications systems and workshops for Montana’s K-12 schools. At 
UM, Dr. Bromenshenk and his research partner, Dr. Smith set up web pages to support the 
National College Undergraduate Research Conference (NCUR), hosted at UM in the year 2000. 

In addition, Dr. Brornenshenk has development a working model of undergraduate research with 
Mr. Bob Madsen and three undergraduate students at Dull Knife Community College in Lame 
Deer Montana. This team is actively engaged in cutting-edge research involving DARPA and 
several DOE laboratories. More recently, Mr. Madsen received a TCUP award to improve math 
and science education in tribal colleges. Dr. Bromenshenk is on this program’s Board of 
Directors. Also, Dr. Bromenshenk and Mr. Robert Seccomb helped design and maintain the 
DOE DEARS national database and have been actively involved in the use of DOE’S Argonne 
Laboratory’s Access Grid Node System for multi-media, audio-video communications among 



investigators at Montana’s three campuses. In 2003, UM delivered a professional training course 
via this system to scientists at the DOE INL in Idaho Falls, Idaho 

End of Program Milestones and Achievements 

The core research investigators of both Research Clusters continued working towards 
establishing National Research Centers. The Petroleum Cluster hosted a joint meeting of The 
Billings Geophysical Society and the student Chapter of the Society of Exploration 
Geophysicists in September, 1998. One of the main objectives of the meeting was to obtain a 
professional review of our research effort by the petroleum industry. David Ballard of Ballard 
Petroleum, and Chairman of the Montana Board of the Oil and Gas Commission, along with Dan 
Piazzola of JN Oil and Gas served as the primary reviewers of the program. Also in attendance 
were representatives of NARC0 and Johnson Geophysical. The technical review session was of 
four hours duration, and all phases of the work were reviewed. The outcome of this meeting 
were the partnerships with 14 businesses that were set in place by the end of the program. 

Similarly, the M&C directors worked with Donna Prokop, the National DOEEPSCoR Director 
to arrange a meeting and overview of the Wind Program for a DOE Basic Energy Sciences 
(BES) scientist (in October of 1998 in Bozeman, MT). The purpose of that program was to 
provide DOE with information relevht to DOE’S long-range planning and identification of 
critical research issues with respect to wind energy and turbine blade technology. An outcome of 
that activity is that the Wind Energy Research Group has continued work with Sandia on a 
national database concerning properties that influence the service life of turbine blades. 

Recently, there is renewed interest by industry in developing wind energy resources in the NW 
and Montana. Both MSU and the new Dean of the COT in Missoula are taking leadership roles 
in establishing wind energy sources, a wind turbine test site and technicians program at UM, and 
steps toward moving Montana into a windhydrogen based energy-economy. 

MORE HRD 

During the final two years of the MORE-HRD program, human resource development was 
fostered by providing training and support to secondary math and science teachers, creating 
challenging opportunities for high school students that encourage them to pursue scientific 
research careers, and supporting undergraduate students in engineering programs. In all, 2,534 
individuals were direct beneficiaries of services provided by this program. A full description of 
how they were served appears below. 

I. Support of Secondary Teachers (80 served) 

In May of 2000,40 teachers from five communities attended a workshop which taught teacher’s 
effective methods to incorporate calculators and other technologies into their curriculum. In 
addition, 21 teachers from ten communities attended a one-week stream ecology summer course 
in July of 1999 funded by MORE-HRD. As for classroom resources, MORE-HRD staff made 
visits to four tribal high schools in January and again in March of both 1999 and 2000. While at 
the schools, we provided teachers with 10 copies of 25 different multimedia teaching titles and 



checked in on the computer systems whch were previously donated to the schools. MORE- 
HRD hnded three requests from our tribal school partners for field trip expenses and guest 
speakers. Through these funding, EPSCoR researchers and other professionals were able to guide 
school groups to area wind power generation sites, solar powered facilities, and water power 
generation sites. 

11. Opportunities for High School Students (2426 served) 

During both the 1999 and 2000 summers, Montana Tech hosted a "MORE Energy Camp". The 
camps were fbur week residential academies that served 24 students each. The curriculum 
focused on various energy types such as petroleum, wind, solar and geothermal. In addition, 
MORE-HRD Science Fair Awards were granted to the top five meritorious energy-related 
research projects at the state science fair and all four regional fairs in Montana in 1999 and to the 
top two in 2000. Therefore, 35 students were recipients of the awards. MORE-HRD staff 
hosted 46 mini-workshops on Montana Tech's campus during the reporting period. These 
workshops engaged 2,225 students in hands-on activities @.e. building wind mills, constructing 
and racing solar powered cars, developing web sites for their classrooms, etc.). Workshops were 
marketed through the school visits made in January and March and provided teachers a quality 
educational field trip opportunity for their students at no expense to them, their students, or their 
school district. 

111. Undergraduate Support (28 served) 

Four undergraduate scholarshlps were awarded in 1999, which h d e d  students to work on 
energy related research. The scholarship recipients published the following reports; Tontrol 
systems of the wind tracking" by J. Walden, "Rock bit modeling" by B. Bate, "Web page 
construction of the NASA EPSCoR project" by M. Ryan Fitzpatrick, and "Feasibility of using 
wind-generated electric power as a replacement for typical conventional power" by B. LaMere. 
The undergraduate scholarships were phased out in 2000, due to insufficient funds. 

As a result of the MORE-HRD work with high school and undergraduate students, Montana 
Tech began an effort in December of 1998 to create an undergraduate engineering support 
program on campus. The first corporate h d i n g  was solicited and received in 1999. Some 
MORE-HRD staff time in 2000 was used to establish the program. Since then the program has 
flourished to receive funding from corporate, state, and national entities to the sum of $150,000 
per year. This program, Succeeding Students in Engineering Programs (STEP) has sustained 
much of MORE-HRD's outreach efforts such as tribal high school visits, and hands-on 
workshops for visiting high school groups, and hosting summer programs for high ability high 
school students, the inaugural summer program served 24 students. 
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In addition to these workshops, Dr. Bromenshenk, George Bailey, and Bob Madsen hosted 
teacher education workshops in Great Falls (1999) and Colstrip (2000) Montana. Teachers came 
from many disciplines and from as far away as Ft Peck. In all, more than 40 teachers were 
served, many of whom elected to take the workshops for credit through UM's Office of 
Continuing Education. 



Also, the MORE-HRD Staff Members made several presentations around the state, including: 

Amy Verlanic, Sustained Governmental Relations, A Suggested Action Plan for Montana 
ASPIRE, ASPIRE Annual Meeting, Pablo, MT April 1-3,2000. 

Amy Verlanic, Preparing High Ability High School Students for An Engineering Education: A 
HOW-TO for High School Science Teachers, Montana Education Association Annual Conference, 
Billings, MT 2000. 

Amy Verlanic, Meeting the Needs of Native American Undergraduate Engineering Students, 
Montana-Wyoming Indian Education Conference, October 1999. 

Amy Verlanic, Increasing Engineering Retention with a Bridge Program, Advisory Committee 
Meeting for Minority Engineering Recruitment and Retention Initiative, BP Amoco Foundation, 
Chicago, IL February,22-23, 1999. 

Sheiree Watson, Diversity in Engineering, Expanding Education and Equity for Women and 
Girls, AAUW, Montana State Convention, Butte, MT April 24-26, 1998 

HRD Project Chronology and Sustainability: 

Whereas the campus-wide research projects and the inquiry-based educational components at 
UM built and expanded upon existing programs, the core of the MORE-HRD at MT Tech 
displayed a remarkable evolution, one that merits discussion. 

Nina Klein was an adjunct faculty member in the Montana Tech Chemistry Department in 1990. 
She was the first to embrace the concept that research based careers must be marketed long 
before the undergraduate level in order to effectively increase the numbers of professionals that 
ultimately choose careers in energy related research. As a result she solicited National Science 
Foundation and Department of Energy funds to create some high quality K- 16 outreach efforts. 
In 1991, MORE-HRD was created. By 1993, the efforts had been so successful that other 
funding opportunities were beginning to arise. Upon Klien's resignation to move to another 
state, the campus created an entirely new position called an Outreach Coordinator to continue 
what Nina Klien had begun. Anneliese Ripley was hired in 1994. With the impacts of MORE- 
HRD and efforts to solicit additional funding Ripley was able to formalize the previous outreach 
efforts in the establishment of a Technical Outreach Department at Montana Tech with a mission 
of "Providing K-12 teachers and students with college-based programs that enrich statewide 
science, engineering, and technology education". By 1995, Technical Outreach had six full time 
employees and 11 grants in place to meet that mission. 

Since 1995, the Department has continued to flourish. Although we are entirely funded by 
grants, we sustain. On September 10, 1999, Montana Tech was visited by EPSCoR director, 
Matt Varma. Technical Outreach staff reported to him what our strategic goals were in order to 
sustain when the MORE-HRD money was spent out. We have successfully met self-sufficiency 
beyond ESPCoR dollars. In fact in 2000, Technical Outreach had $1,43 1,785 in non-EPSCoR 
dollars to support eight projects. The program employs six full time positions, over thirty 
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undergraduate work-studies and 24 temporary summer positions. This significant level of 
activity and programming is a result of the MORE-HRD efforts. 

Housing all the campus K-12 efforts allows programs to leverage resources, assets, and 
community contacts across the state. Technical Outreach now motivates youth in Montana to 
pursue math and science careers by; 

administering a Department of Education funded Upward Bound program, which serves 
60 students annually from the Anaconda, Butte and Helena communities, 
running a Montana Campus Compact grant that places undergraduate tutors in the seven 
local elementary schools, 
hosting the annual Expanding Your Horizons Conference, a math and science career fair 
for area 6-8 grade students, 
coordinating the largest regional science fair in the state serving over 17 counties and 700 
5-12 grade students per year, 
teaching college level math and science courses in 7 area high schools so that high ability 
students can earn college credits prior to high school graduation, 
continuing to administer the Math Science Resource Center so that area teachers, non- 
profit agencies, and tribal education departments have free access to technology needed 
to effectively teach science and math, 
going on an annual Tour of Nations where current Native American students and 
Technical Outreach staff visit tribal high schools and provide workshops to students and 
support and training to teachers, 
and, running a support program for minorities and underrepresented students in 
engineering program. 

Finally, as previously mentioned, the program is now directed by Amy Verlanic, and Anneliese 
Ripley is now a Dean at Western Montana College, where a similar program has been put in 
place. 

Petroleum Reservoir Characterization 

The Montana Petroleum Reservoir Characterization project received a full DOE review in the 
fall of 1999, near the end of the program. Because this project involved very large models and 
databases, the Final Technical Report was provided as a web-based template that guided access 
to data sets, movies, and models. At this time, 3 years since the end of the project, many of these 
have been archived and as such may not appear when a link (URL) is clicked. Inquiries about 
access to these resources should be directed to Dr. Curtis Link at MT Tech. The template still 
functions to provide an overview of the program and its outcomes. This web-based report can be 
accessed via the EPSCORPET\HOME.HTM file attached to this report. 



Wind Energy Research and Commercialization 

The wind energy cluster continued to move strongly toward its specific program goals and the 
more general objective of a successful transition from DOE EPSCoR funding to self-sustaining 
external funding. Grants and Contracts awarded to cluster principal investigators in the last 
years totaled well over a million dollars, in addition to the $750 thousand total from earlier years. 
The distribution of externally funded programs was approximately evenly split between three 
PI’S (Cairns, Mandell, and Nehrer) in three distinct technical areas, with funding fiom DOE 
National Labs, NSF, and industry. 

Facilities saw substantial additions in the manufacturing, non-destructive evaluation, and 
computing areas, with funding from EPSCoR and other sources including Sandia National 
Laboratories and NSF. Publications and presentations have continued at a rapid pace, and 
undergraduate, graduate, and research associate participation has been strong. One new faculty 
member (Don Rabem, Civil Engineering, MSU, from Los Alamos) was added in the structural 
simulation area. 

Involvement with industry continued to be very strong, including Montana Power Company’s 
cooperative effort in the distributed generation project and the spin-off company, Headwaters 
Composites, involved in wind turbine blade manufacture. Thus, the research team and facilities 
have been strengthened significantly, and EPSCoR related competitive external funding 
developed at a rapid pace, with close ties to local industry. 

FOCUS AREA I: WIND TURBINE BLADE DEVELOPMENT 

Focus Area I included the development and operation of a Test Site, Rice Ridge Renewable 
Energy Park, which contained small turbines for experimental research including blade wear out 
studies. There were two turbines: one modified and instrumented Bergey 10 kW turbine in 
operation, an instrument shack, and a second turbine that was made functional. 

Experimental blade sections for in-service wear out studies were developed and laboratory and 
field tested, with an apparatus for containing failures and limiting overloads. The program then 
moved into consideration of larger, 23 ft. long blades, with structural details, more representative 
of utility grade turbines. These blades were designed for the AOC 15/50 50kW turbine, and 
were designed and manufactured in close cooperation with Atlantic Orient Corporation and with 
the help of Mike Zuteck, a widely recognized industry consultant. 

The effort to improve blade structural design and manufacturing technology included groups in 
DesigdAnalysis, Materials, Manufacturing, Full Scale Laboratory Structural Testing, and 
Instrumented Service Testing using an AOC 15/50 Turbine, purchased in 1997. Each of the 
groups worked toward establishing an advanced capability to serve the generic needs of the wind 
turbine industry as demonstrated with the AOC 15/50 blade. 

Highlights of Focus Area I in the last two years included enhanced blade desigdanalysis 
capability with the addition of Don Rabem and a new main frame computer (SGI, Origin 200, 
Unix). In the manufacturing area, new resin transfer molding equipment was brought on line, 
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funded by Sandia National Laboratories. Blade sections were manufactured at Headwaters 
Composites (a spin off company from the EPSCoR program). The test bed facility at Rice b d g e  
(with two research turbines) produced large data sets, and improved section designs were 
implemented. Significant progress was made in modeling and testing blade substructure 
elements including stiffeners and ply drops, as well as in the basic materials fatigue database. 
The first images (Figure 1) of composite internal structure were obtained with the new CT 
Scanner at MSU (NSF and DOD funding, $350K). This nondestructive evaluation facility 
allows for clearer imaging of the internal reinforcement architecture and flaws in composite 
material structures. 

One of the most difficult parts of the blade to design and manufacture is the root section where 
the blade connects to the wind turbine. For the AOC 15/50 23 foot-long blade, which was the 
focus of the study, the blade connects to the turbine by a series of bolts. The team made a resin 
transfer mold for this section, which will then be bonded into the main blade. 

A unique aspect of this work was that several design options were explored, including two that 
were recently fabricated and tested at MSU by undergraduate researchers. In addition to the use 
of ceramic and other new-technology composites, some of the design and test samples included a 
balsa insert for reduced weight and improved manufacturing simplicity. The hurricane load 
design case required a load carrying capability of about 20,000 lbs. for each bolt. The balsa 
design failed at a static test load of 22,100 lbs., while the solid design failed at about 62,000 lbs. 
While both of these designs appear satisfactory, a modification of the solid design for improved 
manufacturing offered the greatest potential. 

Another area of emphasis was the validation of nonlinear buckling prediction methodology. The 
ANSYS software used to predict buckling in the overall blade design was validated by two 
graduate students, Aaron Sears and Jay Eppinga. Their experimental studies included panel 
buckling with large, balsa-stiffened sheets, as well as beam sections intended to simulate the 
structural elements of blades. The results of these studies helped define the level of analysis 
necessary to accurately predict the buckling and post-buckling response of complex composite 
structure. These methods will then be applied to the full-scale analysis and tests of the AOC 
15/50 blades. 

FOCUS AREA 11: WIND ENERGY DEVELOPMENT 

Focus Area I1 had the objective of assisting in the development of the substantial wind resources 
in Montana and the region, working with the State Department of Environmental Quality, wind 
industry partners Zond and Atlantic Orient Corporation (AOC), and local power companies 
Montana Power Company (MPC) and Glacier Electric. An earlier collaborative effort resulted in 
a major innovative avian study ultimately funded by NREL, for which a final report is now 
available. For the final implementation year, this focus area consisted of three significant wind 
demonstration projects in the state, which continued to act as the major focus for the final year of 
EPSCoR and beyond. The small stand-alone hybrid wind/photovoltaic installation at Red Bluff 
brought collaboration with the Department of Animal and Range Science at MSU. The weak 
radial enhancement distributed generation project at Madison Valley used an AOC 15/50, 50kW 
turbine for which blades are being designed and manufactured, with an associated research study 



of power quality with Montana Power Company. The third demonstration project, a lOOkW 
utility grade turbine on the Blackfeet Reservation served both as a catalyst for further 
development of this huge wind resource area, and as a focus for education and technology 
programs at the Blackfeet Community College. 

The power quality study associated with the AOC 15/50 demonstration project made substantial 
progress, with doctoral student Stott Woods (MSU) supervised by Don Pierre (MSU) and Dan 
Trudnowski (MT Tech). The full turbine installation and instrumentation was completed in the 
Madison Valley, south of the Rice Ridge installations. Woods began modeling the system while 
working at NREL. Various simulation procedures showed that the turbine impact on line 
voltages should be small. This work continues with Dr. Trudonowski and his students at MT 
Tech. Additional turbines being considered for the site would cause greater voltage fluctuations, 
and could involve active control strategies. However, at this time, the turbine is scheduled to be 
moved to Missoula, where the UM COT and MT Tech will continue to operate it and conduct 
studies. Deregulation of the power industry in MT, the movement of MT Power away from 
power production and into communications, and the established of a new power supplier in MT, 
Northwestern Energy terminated plans for expansion of the Madison site. We are currently 
investigating whether a group of turbines could be located on a ridge-top east of Missoula to 
produce the power needed by the university, especially during the winter months when winds are 
particularly strong and cold temperatures increase the power draw by the campus. 

A primary goal of the Rice Ridge Renewable Energy Park was to study the fatigue of various 
blade designs. Blade strain data and fatigue information provides key information for MSU 
researchers in the design of new blade materials and construction methods. To conduct the 
testing, a novel data acquisition system was developed and implemented by MT Tech 
researchers. 

The Tech system allowed for telemetry data acquisition of rotor blade strain and for the remote 
data transfer and control of the wind machines from Tech through radio frequency 
communications. To bring nine channels of high-frequency strain gauge data from the spinning 
rotor to the ground with little or no corruption was a challenging problem. Data telemetry 
packages manufactured for this type of a system can cost anywhere from $20,000 to $30,000, 
The system designed on campus for this task cost around $2,000 installed with custom computer 
software. Overall, the system performed very well. 

A secondary goal of the Rice Ridge Renewable Energy Park was to study new control 
methodologies for reducing fatigue. Tech researchers studied several methods involving varying 
the yaw angle of the rotor to control the rotor speed. Basically, as the wind increases, the rotor is 
turned out of the wind which in turn reduces the spinning torque. Because of the gusty random 
nature of the wind, this is a very challenging control problem. Tech developed two successful 
control methods. Final year research focused on analyzing the effect of the control methods on 
reducing blade fatigue. 

A second test site is the Luzenac Renewable Energy Park. This Park, in the Madison valley, was 
developed through the combined efforts of the DOE and the Montana Power Company. Luzenac 
Mine, located adjacent to the Park, also provided significant support. As with the Rice Ridge 



Park, Tech researchers lead the development and construction of the Park. This site is located 
approximately 20 miles south of Ennis, MT near the Madison river. A 50kW wind generator 
constructed by the Atlantic Orient Corporation was installed at the site and connected to the 
12kV MPC distribution line near the site. The unit has a down-wind horizontal-axis three-blade 
system and powered a three-phase induction generator. Each blade is 25 feet long and the entire 
system sits on an 80-foot tower. 

The fundamental purpose of the Luzenac site was to study the interaction of a wind-turbine 
system with a long radial electrical distribution system. Montana contains many remote sites 
that require electrical power resulting in many long radial electrical lines. Because the capacity 
of these radial lines is limited, it is necessary to consider how future load additions will be 
served. 

Two possible alternatives are: 1) the size of the lines could be increased, at considerable cost; or 
2) distributed generation could be installed at appropriate points along the lines. When costs of 
building or up-grading transmission lines are weighed against the costs of distributed generation, 
it is easy to envision cases where distributed generation would be more cost effective. 

In addition to economic concerns, questions regarding power quality, reliability, and stability 
needed to be addressed in the distributed generation case. Because of the gusty nature of the 
wind, distributed wind generators can cause detrimental voltage fluxuations and power quality 
problems in radial systems. Because of the radial nature and loading of the electrical grid at the 
Luzenac site, it provided a good test site. 

In studying electrical system interaction, Tech researchers collaborated with Professor Don 
Pierre and Ph.D. graduate student Stott Woods, both in the Electrical Engineering Department at 
MSU. A detailed computer simulation model of the system was developed andithe test site was 
into operation in spring of 1999. The site included detailed electrical instrumentation along with 
same strain-gauge blade instrumentation used at the Rice Ridge Park. Some of this research 
continues to this day, and as mentioned, the 50kW turbine will be moved to Missoula and erected 
in commemoration of Dr. David Westine, a key, young investigator with this project, who lost 
his battle with cancer. 

OVERALL MILESTONES AND OUTCOMES 

The majority of the technical outcomes were thoroughly discussed and reviewed by the 1999 site 
review team. The 2000 wrap-up consisted mainly of small projects being completed using 
remairing funds. The outcomes of the program, including related publications and presentations 
are included in the attached Excel spreadsheet entitled Final9403 .xls. This data set contains 
over 1000 listings. 


