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SMR Research & Education Consortium 
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ÅSignificant opportunity for Missouri related to manufacturing and support industries to 

supply SMR 

ÅConsortium Vision:  Identify and develop transformational technologies supporting SMR 

technology to improve energy security and reduce climate changeò 

ÅCurrent Status:  Developed and approved by-laws and membership agreement, Founding 

members signed membership agreements and pay membership fees to support  key 

research thrust areas 

ÅMS&T/MU University members well positioned to lead research and education activities: 

VFacilitate establishment of high quality multi-disciplinary teams to support member needs 

VCreate and maintain pipeline of trained technicians, engineers and scientists to support SMR 

development 

ÅConsortium will also: 

Vincrease research capacity of University of Missouri System and increase its ability to attract 

federal and private research funding, and  

Venhance business environment for recruiting high-tech industries to build SMR supply chain in 

Missouri. 



Consortium Organization 

Å Established at Missouri S&T with S&T faculty member as Center director. 

Å Invited universities operate with faculty members as site directors. 

Å Companies join consortium by signing membership agreement and paying 

annual membership fee as specified in membership agreement. 

Å Member companies allowed one representative on Industrial Advisory 

Board who select annual projects. 

Å Membership seat has 100 votes ï member company can assign votes to 

desired research projects; projects receiving most votes selected annually 

by Advisory Board. 

Å Companies can have up to 3 membership seats to increase input on which 

projects are sponsored. 
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Consortium Thrust Areas 

1. Design and Modeling ï computational fluid dynamics, radiation 

damage to structures  

2. Infrastructure ï high performance concrete, geotechnical studies 

3. Manufacturing ï silicon carbide 

4. Materials ï advanced materials for new reactor designs 

5. Nuclear Fuel ï liquid fuel nuclear reactors 

6. Systems ï high temperature sensors, hybrid energy systems 

7. Education and Outreach ï credit and non-credit courses, outreach to 

K-12 students and teachers, and public 
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Key Consortium Benefits 

Å Foster collaborations among academia, industry, and government 

agencies for RD&D of SMRs. 

Å Cost sharing to reduce risk required to develop new technologies. 

Å Technology development with royalty free non-exclusive license to 

members. 

Å Leverage funding with other research funding (i.e., federal, state). 

Å Leverage universityôs unique equipment, facilities and experience. 

Å Utilize graduate/undergraduate students skilled in research 

equipment and techniques as part of multidisciplinary team.  

Å Professional development through consortium credit and non-credit 

courses. 
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Consortium Goals 

1. Membership ï grow number of members in consortium to five after three 

years and ten after five years. 

2. Publication ï based on research activities, produce at least five papers per 

year and three patent disclosures per year (one per funded project). 

3. Business Development ï support consortium memberôs business 

development activities to bring at least one new business group to Missouri 

after three years. 

4. Legislature - Work with state government to improve Missouriôs ñbusiness 

friendlyò environment by supporting strategic legislation.  This effort is aimed 

at increasing Missouriôs current rank of 38 out of 50 in terms of business 

friendly states. 

5. Research ï Fund up to nine research projects in three years of consortium 

operation and complete up to six projects from the research thrust areas. 

6. Technology Transfer ï Transfer at least one new technology developed with 

consortium members through negotiated agreement. 
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Consortium Milestones 
V Milestone 1 (Julyô13):  Formalize SMR consortium with Ameren and Westinghouse 

V Milestone 2 (Julyô13):  Conduct initial members meeting to form Advisory Board 

V Milestone 3 (Fallô13)  Recruit new members and award up to 3 research projects 

V Milestone 4 (Spring ô14):  Conduct 1st research symposium (report results from 

1st set of projects), circulate 2nd RFP 

V Milestone 5 (Summer ô14):  Select and award funding for 2nd set of research 

projects 

o Milestone 6 (Spring ô15):  Conduct 2nd research symposium (report results from 2nd set 

of projects, circulate 3rd RFP) 

o Milestone 7 (Summer ô15):  Select and award funding for 3rd set of research projects 

o Milestone 8 (Spring ô16):    Conduct 3rd research symposium (report results from 3rd set 

of projects - up to 9 projects awarded).  Prepare final report on sustainability of SmrREC 

beyond current funding cycle. 

o Milestone 9 (Summerô20):  Compete for establishment of SMR industry in Missouri 

ï Milestone 7 based on US DOEôs decision to allow industry to make/sell SMRs 

ï 2012 technology development contracts due and transition to demonstration phase to occur  
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Members recruited from Specific Sectors 
Å Reactor Vendors ï Large international companies involved in developing nuclear reactor concepts, licensing and 

marketing to electric utilities. Because research efforts undertaken by consortium is precompetitive, other vendors likely join 

consortium to leverage resource without compromising competitive technology. 

Å Manufacturing ï Large manufacturing industry required to support manufacturing and installation of SMRs including fuel 

manufacturing (mining, enrichment, re-processing, fabrication and testing, reactor pressure vessel and high pressure piping, heat 

exchanger manufacturing, steam turbine industry, and electric generators. 

Å Construction and Installation ï Full construction industry required to support production of Nth SMR including 

special reinforced concrete technology, metal industry and supporting construction; many companies will prefer to be in close 

proximity to main SMR vendor due to potential competitive advantage. 

Å Instrumentation and Controls ï Nuclear reactors require large numbers of instrumentation and control systems 

for temperature and pressure measurements, velocity and flow measurements, neutron and other radiation monitoring systems.  

Highly specialized instruments must function in harsh environments found in nuclear reactor.  Industry closely coupled with reactor 

design industry and will naturally migrate to same vicinity as main SMR vendor. 

Å Transportation ï Many SMR components require special transportation for shipping to site - transporters likely to 

congregate near SMR production resources.  

Å Environmental Assessment and Site Monitoring ï operation and compliance of SMRôs will require 
continuous monitoring at nuclear facilities.  This industry requires environmental engineers and technicians, geological engineers, 

water resource experts and health physicists (require highly qualified professionals that add economic growth to state). 

Å Education and Training ï many schools required to train diverse work force for above industries - includes four year 

technical programs, technical certificate programs and specialized vocational education programs (long term impact on Missouriôs 

economic growth!) 
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Potential consortium members: 

Companies involved in SMR supply chain and research groups  

involved in developing SMR technology: 

ï Nuclear energy companies; i.e., Enercon (www.enercon.com/) 

ï Equipment/technology suppliers; i.e., ATB RIVA CALZONI 

(www.gruppotrombini.it) 

ï Electric energy providers; i.e., Duke Energy (www.duke-energy.com/)  

ï U.S. national laboratories, i.e., Idaho National Laboratory (www.inl.gov)   

 

DOE/DOD MOU to find ways to apply nuclear energy at DOD sites;  

Army interested in using SMRs to provide secure energy on Army Posts.  
 

Goal: Grow to 10 members within first five years with approximately 

$1M in annual research expenditures supporting work in seven  

thrust areas.  Have provided membership agreements to EPRI, 

Missouri Construction and Building Trades Council, ATB,  

Precision Custom Components, LLC 
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Missouri Technology Corporation Funding 

28 August 2014 SMR Research and Education Consortium Slide 10 

State Funding: 

$250,000 

Member Funding: 

$240,000 

SMR Consortium Address: 
Missouri University of Science and Technology 

Energy Research and Development Center 

305 McNutt Hall 

Rolla, MO  65409 

http://energy.mst.edu/ 

 

o State Funding provide matching funds for Consortium 

Members  Sponsored projects 

o Consortium administrative staff provided by Energy Research 

and Development Center 

o No University overhead charged on SMR projects 

http://energy.mst.edu/
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Workforce Development and Education 
Å Missouri has distinct advantage with two  

research reactors and one commercially 

operating reactor in state. 

Å 175 UG in S&T Nuclear Eng program 

 (27 graduate students) in 2013 

Å S&T hosts summer camp for students  

interested in studying Nuclear Engineering 

Å S&T sponsored courses at King Abdulaziz  

University 

Å Nuclear Science and Eng at Univ. of Missouri - Columbia: MS (30); PhD (38) 

o Graduate Certificates in Nuclear Engineering and Nuclear Safeguards and Technology, Minor in 

Nuclear Power Engineering and Health Physics 

Å Fellowships awarded to support SMR Development 

o Dept of Ed, Graduate Assistance in Areas of National Need: Nuclear Engineering + Environment 

and Safety 

Å Separate research funding provided by Westinghouse 



S&T Senior Capstone Design Projects 

Å2013:  Design of a Small Modular Reactor to produce 25 MWe 

Å2012:  Design of a Westinghouse PWR using cladding materials  

 that produce least amount of hydrogen 

Å2011:  Design of MSTR cooling system to remove 500 kW of heat 

Å2010:  Design of a Pu-238 Production facility 

Å2009:  Design of Liquid metal cooled 300 MW modular reactor 

Å2008:  Design of Spent Fuel Pool (20 yr discharge of PWR) 
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Education Activities related to Project Work 

Å Train on SMR Operations based on previous experience with 

traditional LWR systems (BWR/PWR) 

 

Å Train on use of CAE Computational Tools for design evaluation 

and optimization of SMRôs (evaluate potential GSI problems, i.e., 

LOCA) 

 

Å Performed Validation activities for new technologies required to 

support SMR design and operation 

 

Å Investigate extension of SMR technology beyond Power 

Generation (i.e., process modeling of integrated systems) 
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Extend Learning to New SMR Design 

ÅAdvanced reactor based on modular LWR with integral primary coolant 

system and circulation by convection 

ÅModular construction that takes advantage of economy of serial 

production to reduce construction time to 2-3 years 

ÅSite layout based on multiple single or multiple twin units with space to 

operate nth unit while nth+1 unit is constructed 

ÅTake advantage of funding profile and financing flexibility given 1st Unit 

starts generating positive cash while next Unit is built  

ÅBuild capacity as needed to support current electric grid 
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University expertise related to SMR Operations 
Ɇ CFD Verification and Validation 

ɀ Multi -physics based computer codes (StarCD, Fluent, CFX, Flow3d, etc.) 

ɀ V&V methodologies applied to NRC design evaluations (Appendix B) 

Ɇ Process modeling focus on SMR Nuclear Plant 
ɀ Extensive experience using Aspen based modeling of Integrated power, heat, and hydrogen 

production 

ɀ Hydrogen production using high-temperature steam electrolysis (HTSE) process to support 
hydrocarbon/petro -chemical process development 

Ɇ Experience developing nuclear-integrated models for: 
ɀ Coal-to-liquids (CTL) and gas-to-liquids (GTL) 

ɀ Coal and NG based methanol-to-gasoline (MTG) and ammonia production 

ɀ Coal Gasification to produce substitute natural gas (SNG) 

ɀ Oil sands (Oil Shale) via steam-assisted gravity drain (SAGD) 

Ɇ ,ÉÆÅ #ÙÃÌÅ !ÎÁÌÙÓÉÓ ÕÓÉÎÇ $/%ȭÓ '2%%4 ÍÏÄÅÌ ÔÏ ÅÓÔÁÂÌÉÓÈ 7ÅÌÌ-to-Wheel (WTW) 
greenhouse gas (GHG) for synfuels 

Ɇ Comprehensive economics analysis to establish CAPEX and OPEX estimates for 
comparison to conventional processes 
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S&T Nuclear Engineering Faculty 

ü ARVIND S. KUMAR, Ph.D. (Univ. of California at Berkeley, 1977) 

ü HYOUNG K. LEE, Ph.D. (Univ. of California at Berkeley, 1995) 

ü GARY E. MUELLER, Ph.D. (UM -Rolla/Missouri S&T, 1980) 

ü SHOAIB USMANM Ph.D. (Univ. of Cincinnati ,1995) 

ü CARLOS H. CASTANO,  Ph.D. (Univ. of Illinois ï 

Urbana/Champaign, 2006) 

ü AYODEJI ALAJO, Ph.D. (Texas A&M, 2010) 

ü XIN LIU, Ph.D. (Univ. of Wisconsin - Madison, 2006) 

ü MUTHANNA AL -DAHHAN, Ph.D., (Washington Univ. St Louis, 

1993)* 

ü JOSEPH D. SMITH, Ph.D. (Brigham Young University, 1990)* 

*Joint appointment with Chemical and BioChemical Engineering 

28 August 2014 SMR Research and Education Consortium Slide 16 



Radiochemistry Laboratory Two-Phase & Multi-Phase Flow Lab  

Radiation Measurements Laboratory Mass Spectrometry Laboratory 
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Neutron & X-ray Radiography Subcritical Assembly Facility 

 Internet Accessible Hot Cell Facility Reactor Facility 
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DOE-NEUP Funded Reactor Upgrade (ultimate goal power increase) 
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Project 1:  Identify and Perform V&V to test CFD codes (1) 

Stretching circle in rotating flow field 
Á Tests overall accuracy and quality of front tracking and front capturing algorithm 

Á Initially circular region distorted by shear of counterclockwise rotation of bulk fluid 

Á Bulk flow circulation reversed and same calculation performed over equal time 

Á Initial shape should be recovered! 
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After 2000 iterations 

(surface shear causes 

region to curl up) 

Reverse circular flow 

(final concenration 

after 2000 iterations) 

100 x 100 

computational mesh 

(equally spaced 

hexahedral cells) 

Initial Concentration 

(in rotating fluid) 



Dam break on wet surface 
Á Predict free surface evolution on dam break (air/water interface) 

Á Demonstrate interaction of gravity, surface tension and liquid viscosity 

Á Structured grid (42,000 quads) 

Direct Numerical Simulation Ansys-FLUENT 

Project 1:  Identify and Perform V&V to test CFD codes (2) 
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Interface tracking on imposed velocity field convergent divergent channel 

Project 1:  Identify and Perform V&V to test CFD codes (3) 


