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INTRODUCTION

The lowa Department of Transportation held a Research Peer Exchange on August 15-
17, 2007 in Ames, lowa. RAC members from Region 3, along with California, South
Dakota, Texas, Washington, and FHWA representatives were invited. Three states
(Ohio, Texas and Washington) participated by videoconference. The topic of the peer
exchange was “Best Practices in Technology Transfer.”

On Wednesday, August 15, the first day of the exchange, participants were asked to
provide examples and a short presentation on their state’s technology transfer (T2)
practices, including print and electronic media from simple to complex and sophisticated.
In addition to providing examples, participants addressed three questions:

= How do you ensure technology transfer (T2) occurs?

= What techniques do you use?

= How do you evaluate its effectiveness?

All day Thursday and on Friday morning, August 16 and 17, participants attended the

Mid-Continent Transportation Symposium. Friday afternoon was a peer exchange wrap-
up meeting to summarize results of the exchange, the final report, and next steps.

PARTICIPANTS

Ahmad Abu Hawash, lowa DOT Monique Evans, Ohio DOT
Timothy Barkley, FHWA Mike Heitzman, lowa DOT
Rebekah Bovenmyer, CTRE Becky Hiatt, FHWA lowa Division
Marcia Brink, CTRE Dave Huft, South Dakota DOT
Patty Broers, Illinois DOT Sandra Larson, lowa DOT

Nick Burmas, California DOT Kathy Lindquist, Washington DOT
Pat Casey, Wisconsin DOT Dick McReynolds, Kansas DOT
Rick Collins, Texas DOT Shashi Nambisan CTRE

Carol Culver, lowa DOT Leni Oman, Washington DOT
Mark Dunn, lowa DOT Alan Rindels, Minnesota DOT

Ed Engle, lowa DOT Bob Younie, lowa DOT






PHOTOS

- N

lowa Participants at CTRE Front row: Mike Heitzman, Carol Culver Timothy
Barkley, Patty Broers, Dave Huft. Back row: Sandra Larson, Ed Engle, Alan Rindels,
Dick McReynolds, Mark Dunn, Becky Hiatt.

Rick Collins, Texas DOT, addresses the group via video conference.






PRESENTATION SUMMARIES

Timothy Barkley - FHWA

DVD: Ideas Into Action. Contact Timothy or Mark Sandifer to borrow

End users may need more information. Need to tailor to customer needs.
Definition: Technology transfer is the process of moving the results of research
and development from the laboratory into practice.

T2 includes training, demonstration, outreach tools.

T2 essentials: research (idea or experiment), development (prototype, finished
product), implementation (application and marketing), effectiveness (benefits of
use)

Go to www.trb.org/studies/publications/specialreport.asp to learn more about
FHWA'’s strategy for technology transfer. Contact Mark Sandifer at resource
center.

Highways for Life is a good funding source for innovation technology

Patty Broers — Illinois DOT

Overview of research program, Illinois Center for Transportation

Now program includes academia, industry and consultants

Technical Advisory Group (TAG) for each area determines research needs and
priorities. ITC determines overall priorities w/ at least one for each TAG. There
are 7 regular TAGs plus ad hoc

Dashboard of status on research project www.ict.uiuc.edu/idotprojects.asp

Patty sends TAC chair questions about how successful the research was.

Monique Evans — Ohio DOT

In Ohio, T2 is addressed throughout life of project

When needs are addressed, proposers are asked to consider implementation up
front, including collaboration for deploying results. Can be speculative early on.
Final implementation recommendations are required at project completion. Plans
are then responsibility of offices.

Working on an annual implementation report with one page synopsis of every
project including performance measures. Measures are often qualitative but still
developing. Hope to follow Wisconsin examples.

Techniques include newsletters, web sites, collaboration w/ library.

Want to work on how to get deployment beyond the area that requested the
research in the first place, particularly the field.

Communication Strategies for State Research Programs is available on web site
Part of NCHRP Synthesis 280 - Seven Keys for Robust Research Programs.
http://trb.org/news/blurb_detail.asp?id=3279 Has template for other states to use
as basis for program.



http://www.trb.org/studies/publications/specialreport.asp
http://trb.org/news/blurb_detail.asp?id=3279

Dick McReynolds — Kansas

How you organize research is almost as important as doing the projects.
Communication is open throughout. Research Program Council, Area Panels.
Research is part of strategic plan. Output measure is benefit to cost ratio.

Why is policy research important? Opens communication to top management and
builds trust. Define policy research as what legislature or management wants to
know that isn’t typically part of the program., results in policy change

Research implementation responsibilities assigned (see handout). RIP is
completed for each project, prepared by project monitor w/ assistance. Research
staff may provide examples to help them create an RIP.

Intrinsic rating- rate 0-10 in each of 5 categories. Overall 5 rating deemed
successful. On long term projects, implementation is tracked periodically.
Document Management System is repository and lib catalog for pdf files of
publications. Web based search engineer provides access. (Attachment 6)

Pat Casey — Wisconsin

T2 is incorporated w/ as many stakeholders as possible at beginning, middle and
end of research process. Collaborate and create a culture of innovation.

Has there been a difference made? Evaluated on a program basis and project by
project. Send 4 question survey to customers to see if needs were met and how
can be improved.

Question: What is balance between research and applied research? Must there
always be a result and implementation? A: Most DOTSs relate only to applied
research because we need results.

Also can look at “families of projects” where there are building blocks with
defined steps and expectations. There is benefit to pure research because it
eventually results in technology changes (like new Pavement Design Guide) but it
is hard to convince DOTSs to support it. AASHTO had LTPP program for long
term research but it is fading.

Research office sponsors peer exchanges for various areas of dept, pd by SPR.
Viewed as tech transfer activity, helps serve areas that don’t often have research
but do want infusions of new ideas.

Tech briefs picture Pl on front and DOT project manager on back.

Outreach to regional offices.

Rick Collins — Texas

Three short videos (Attachment 11). Comments: lots of info packed into short
time. The audience is primarily field and internal TX DOT staff, could be
external or legislative as well. The three shown are pilots but will do more.
Send monthly emails to keep staff up on developments.

What it takes to implement research is to get the office of primary responsibility
behind that research. Very hard to get implementation in field if it hasn’t been
blessed by central office.



Plan to create annual report card on how implementation goes in each research
area = number of projects implemented to number of projects completed.

Very focused on what are problems that need solving versus what is research that
needs a problem.

Nick Burmas — CalTrans

Powerpoint shows how tech transfer occurs (Attachment 12)

New technology comes at opportunity, for example the Laser Point Cloud used to
rebuild freeway bridge

Hierarchy: Research and Deployment Steering Committee (RDSC), Research and
Deployment Advisory Committee (RDAC), Program Steering Committee (PSC),
Technical Advisory Panels (TAPS).

TAPs generate needs, PSC fleshes out problem statements and funding needs, set
priorities within areas, RDAC set overall priorities and identifies champion,
RDSC district directors buy off.

Ex: Shake Cast system notifies bridge maintenance supervisors which bridges are
susceptible to damage. Visual map w/ red, yellow, green, hot spots give specifics
on bridge.

Ex: Balsi Beam for work zone protection

Recommend TIG effort for tech transfer.

California uses brownbag lunch sessions to advertise/publicize projects

Handout: “Roadmap” shows what research is underway and what is planned in
various areas along w/ problem statements. (Attachment 13)

Example of innovation and tech transfer: cone placement truck developed outside
and rented short term by CalTrans to demo and improve w/ customer input.
Works from cab like video game.

Dave Huft — South Dakota

Research is defined broadly. Evaluated new materials an methods, develop
design and analysis techniques, deploy innovative technology, identify underlying
causes of transportation problems. Accountable for results

Guided by Research Review Board- from DOT director to field, including city
and county, academics.

Technical panels have project manager and variety of people. State agencies,
FHWA, academic, industry, tribal governments. TAPs monitor projects, evaluate
work, recommend implementation. Obligated to respond to each research
recommendation.

Implementation products must be in usable form. Examples: draft specifications,
policies, legislation, ordinances, interagency agreements, pilot projects and
training.

Challenges to implementation — time commitment of panels and board, staff, clear
handoff, late objectors, IT constraint, funding constraints, intellectual property
challenges.



Need: more complete implementation plans, more resource to product T2
materials, more regular assessment. Use research performance measurement
software. Increase library usefulness and use.

TIG: funded by state contributions. The role is to promote research that has been
successfully demonstrated and pilot states. National promotion can be conference,
showcase, workshops, marketing brochures, manuals, videotapes, partnerships.
States can nominate technologies by October.

Web pages are generated from project database.

Shashi Nambisan & Marcia Brink - CTRE

CTRE operates under 3 year rolling agreement with lowa DOT
CTRE provides staff for DOT Library under the agreement
Technical centers:
o National Concrete Pavement Technology Center
Bridge Engineering Center
Center for Weather Impacts and Mobility
lowa Traffic Safety Data Service
Midwest Transportation Consortium
o Partnership for Geotechnical Advancement
Deliverables include students, workforce development, tech briefs, reports
Outreach and training include LTAP, symposium, library, Roads Scholars
Tech briefs include implementation readiness. Examples: Attachment 17 or see
www.ctre.iastate.edu/research/t2summaries.cfm.
Champion is necessary for effective tech transfer

O 00O

Leni Oman — Washington

Research Executive Committee and four Research Advisory Committees to focus
on critical business functions: Project Delivery, Operations, Multimodal, and
Information and Finance

Communications plan identifies audience and messages

Executive report is about 8 pages with implementation summary. Its use has
increased awareness.

Internet and intranet with listservs parallel to TRB

Research folios — only three so far but want to do one more on implementation
“Lessons learned” database still in development

Developing synthesis reports in-house a la Wisconsin.

Library produces literature reviews for user groups

Trying to track awards received for research projects

Department is getting more interested in research results

Challenges: time for technical monitors to write research notes/reports;

Limited resources; lack of review on draft reports.

Student studies program borrowed from Ohio. Pulls students from colleges across
the state, graduate fellowship program for current employees, summer interns


http://www.ctre.iastate.edu/research/t2summaries.cfm

Alan Rindels — Minnesota

Role — help offices develop research ideas, find researchers, publish results
“Wall project” shows all projects

Note that there is no process in place for implementation of NCHRP or pooled
fund projects.

Each project gets closeout memo

Implementation guide (Attachment 19) application of results should measurably
improve performance of investment of transportation resources

Comment: NCHRP projects are implemented (most effectively by AASHTO
committees but not so much by individual states) but not tracked or measured.

Sandra Larson - lowa

Research in lowa DOT is sponsored by several offices and coordinated by Bureau
of Research and Technology.
Quarterly progress reports required on outside projects
Implementation is part of each final report
Tech transfer plan is part of final report
Ed Engle — Secondary Roads Research Coordinator
o lowa Highway Research Board is a separate but related entity with state
and local funding
Tom Welch — Safety Engineer
0 ¥ % Safety funding helps meet research needs, develop staff, fund CTRE,
and build reputations of researchers across state
0 Emphasize listserv value
o0 Identify research needs via annual safety forum
o0 Example of research usefulness: change of 4 lane to 3 lane roads (see
Attachment 22)
Ahmad Abu-Hawash — Chief Structural Engineer
o0 lowa has several Innovative Bridge Research and Deployment projects
o0 In-house research facilitated by “shared faculty” position - CTRE bridge
engineer works half time on DOT projects
Mike Heitzman — Asphalt Pavement Engineer
o For successful tech transfer: always offer free lunch!
0 Need champion or external pusher
0 Results could be specifications change, training and workshops
0 Shared faculty for materials
Bob Younie — State Maintenance Director
0 Winter operations research is a specialty of the department
0 20-30 in-house research projects each winter test materials, methods and
equipment
0 Winter Maintenance Expo introduces operator to research results
o0 Successful pilot projects extended to other areas



BEST PRACTICES NOTED FROM PRESENTATIONS

High quality publications from Wisconsin — array of documents for different
purposes

Variety of communication tools presented — most memorable way to tell the story,
not only the dollars and cents

Short video clips are very useful new idea

Podcasts available on TIG site

FHWA and NCHRP webinars

Lots of similarities among programs so it’s interesting that we have trouble
recognizing research accomplishments

Users are generally not going to search out research so we have to push it
Intellectual property issue is becoming a big roadblock

Experience of one user to demo new technology (Balsi beam) can create word of
mouth excitement

Go where the managers and users congregate to find your champions

RSS feeds (really simple syndications) as possible delivery tool

Important to index information and make it readily findable/available

Need better finding tools

Need more support for networking so we know what’s going on

10



THOUGHTS ON SYMPOSIUM AND PEER EXCHANGE

Dick McReynolds
e Good topics, interesting sessions, good learning experiences
e Helpful to hear about teen driver project to be able to prompt more interest in own
state
e Good to find out about ways to analyze and measure safety
e Suggest offering scholarships to surrounding states to get wider range of
participation.

Timothy Barkley
e Tech transfer approach of symposium was impressive — collaboration among
departments and university researchers.
e Turner-Fairbank reps should have been here to make presentations.

Mike Heitzman
e Symposium is mini TRB. For us it is an opportunity to hear and dialogue on
research. The challenge is how to get more practitioners to the symposium — so
more states and local agencies can be involved and get more learning. Travel
assistance may be needed
e May need to explore webcast and videoconference options to involve more states.

Mark Dunn
e Good discussions after presentations, better than previous years.

Becky Hiatt
e Could tell difference between pure research and applied — implementation of
projects w/ DOT champions seemed to flow.

Bob Younie
e TRB level papers presented.
e Discussion w/ staff after presentations to see how they can be of benefit to lowa
DOT.

Alan Rindels
e Learned lowa is ahead in several areas.
Didn’t see as much influence of Ulowa vs ISU.
Environmental and stormwater issues needed more emphasis.
Biggest key to effectiveness of tech transfer is champion.
How to be sure it occurs? Do the right research.
How can it be evaluated? Check if you are getting fresh research ideas.
Going to work harder to be more involved w/ university at home.
Wants to know more about foamed asphalt.
New idea — use of cell technology to relieve congestion and improve freight
management.

11



TZD conference has been effective in MN getting all areas involved. (Toward
Zero Deaths)

Sandra Larson

Got opportunities to promote lowa researchers to AASHTO and other states.
Generated new research ideas.

Will have statewide newsletter article soliciting research ideas.

Raised possibility of having peer exchange around symposium every 2 yrs.
(Good response to this idea)

Patty Broers

Good learning experience, diversity of presentations.

Impressed by collaboration and acknowledgement of all involved in research
projects.

May want to use speakers for Illinois conference.

Can’t always see how research is implemented, so this is helpful.

Will disseminate info from CD to other areas of department.

Dave Huft

Attendance of more states might dilute interest for lowa attendees, change
character of the symposium.

Hadn’t thought he could afford the time but was worthwhile.

Great to provide opportunity for students to get involved on professional level.
We have created a community that is interested in research, both on academic and
DOT side as well as consultants. People know each other and know what each
other are doing — developing a cross pollinated culture for research.

Not sure he can emulate at home with smaller audience.

Pat Casey

Features speakers got him thinking about long term ideas.

Will peel papers by topic and distribute to interested staff at WDOT.

Relaxed atmosphere encouraged discussion.

Some moderators engaged in additional discussion spontaneously — would have
liked to see more of it.

Wisconsin will interested in joining teen driver project.

12



SUMMARY

What makes tech transfer effective?

Need to know what we’re talking about

Need for technology (people have to want it)

If it’s too big a job, maybe people didn’t want or need it.

Champion is not enough unless they can make it happen — needs to be properly
placed in organization.

Takes dedicated resources and management support.

Streamlined processes for transfer, not cumbersome

Technology must be ready with caveats already worked out

Bringing in locals makes them more accepting of outcome and willing to apply.
Bringing in skeptics helps avoid groupthink and broadens ideas.

We often don’t anticipate the questions that may be at the back of people’s minds.
We need to extract them in one to one relationships.

How to ensure it will occur?

Get results

Measure and report at highest level of agency

Develop report card for each research area

Must start at state level to get locals to follow

Key factor of communicating and coordinating normally starts at the top

Key to implementation is comfort — people must be comfortable with the ideas.
This can come with familiarity and trust of collective office and of individuals.
Need meetings to create handoffs from research to implementation, identifying
who will do what, where resources will come from. This is not something that
can be done with paper forms.

How can it be evaluated?

Subjective measures of if it is working

Survey — do people know about new technology or process?

Recognize that not all technologies are universal. You may not see constant use
due to varying needs.

If the research confirms that what you’re’ already doing is correct, it counts as
being implemented.

What will you take back?

May need to dedicate a full time person to tech transfer to get it done.
More videos

Agency-wide newsletter solicitation of research ideas

Solicit new research ideas at big conferences

Emulate documents from Wisconsin

13



Try the symposium concept at home

Video clips from Texas

FHWA Division coordinates very well w/ lowa DOT
Collaboration of transportation “community”

Illinois dashboard measures

Timeliness graph from Wisconsin going back a couple of years
Report on communication w/ staff from Monique

Establish a podcast and video site

Rick’s monthly email to staff

Be sure to send out reports to staff not just RAC!

Try to get more time from top management a la S Dakota

Get an article in every issue of LTAPP newsletter

Use database to drive web site as S Dakota does.

Find out about 4 to 3 lane conversion conference and share w/ staff
Talk to bridge people about getting IBRC/IBRD listings online. More detail than
just title would be helpful. Be sure it’s in RIP and TRIS.
Health monitoring for high mast light towers

Remind management of teen driver project

TZD conference

Need to plan t2 and be systematic about it.

Reader friendly status reports

Support for operational peer exchanges

CalTrans video seminars

Include performance measures in research notes

Different techniques for different audiences.

Suggestions

Involve top management in peer exchange

Integrate Turner Fairbank researchers into symposium

Cooperative suggestion: MNDOT does synthesis reports, TRB does research
digests. Suggest states cooperate on topics for synthesis efforts. Each commit to
doing specific topics, post on web site, use common format.

14
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2007 Technology Transfer Peer Exchange
Agenda

Tuesday evening, August 14
6:00 Dinner & Introductions, Audubon’s (Gateway Center)

Wednesday, August 15 - CTRE
8:00 - 8:15 Welcome — Sandra Larson

8:15-Noon  Presentation roundtable
How do you ensure tech transfer occurs?
What techniques do you use?
How do you evaluate its effectiveness?
Please bring examples to show!

8:15-9:00 - FHWA
9:00-9:30 - Illinois
9:30-10:00 — Ohio (video)
10:00-10:15 - break
10:15-10:45 — Kansas
10:45-11:15- Wisconsin
11:15-11:45 - Texas (video)

11:45-12:45 Lunch

12:45-3:15  Presentation roundtable continues
12:45-1:15 — California
1:15-1:45 - South Dakota
1:45-2:15 - CTRE
2:15-2:30 — break
2:30-3:00 — Washington (video)
3:00-3:30 — Minnesota
3:30-4:00 - lowa
Research & Technology
lowa Highway Research Board
Maintenance
Traffic & Safety
Bridges & Structures
Materials

4:00-4:30 Best practices discussion

6:00 Dinner at Lucullan’s 400 Main Street

17
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Thursday, August 16
8:30-5:00 MidContinent Research Symposium at Scheman Center
6:00 Symposium Banquet at Gateway

Friday, August 17
8:30-12:00 MidContinent Research Symposium at Scheman Center

12:15-1:15 Lunch at Scheman Center
Presentation: Use of Video Feedback for Teen Drivers

1:30-4:00 Report Completion
What makes tech transfer effective?
How can we ensure appropriate tech transfer will occur?
How can tech transfer be evaluated?
What practices will you recommend putting in place at home?

6:00 Dinner (for those still in town)

18



Attachment 2

Participant Contact Information

State Name Phone E-mail

Illinois Patty Broers 217-782-3547 | patricia.broers@illinois.gov
Kansas Dick McReynolds 785-291-3841 | dick@ks.dot.org

Minnesota Alan Rindels 651-366-3779 | alan.rindels@dot.state.mn.us
South Dakota | Dave Huft 605-773-3358 | dave.huft@state.sd.us
Wisconsin Pat Casey 608-261-8198 | pat.casey@dot.state.wi.us
California Nick Burmas 916-616-9120 | nick_burmas@dot.ca.gov
FHWA Timothy Barkley 202.366.6836 | timothy.barkley@fhwa.gov
Ohio Monique Evans 614-728-6048 | monique.evans@dot.state.oh.us
Texas Rick Collins 512-465-7632 | rcollins@dot.state.tx.us
Washington | Leni Oman 360-705-7974 | omanl@wsdot.wa.gov
CTRE Shashi Nambisan 515-294-5209 | shashi@iastate.edu

CTRE Marcia Brink 515-294-9480 | mbrink@iastate.edu

lowa Sandra Larson 515-239-1205 | sandra.larson@dot.iowa.gov
lowa Ed Engle 515-239-1382 | edward.engle@dot.iowa.gov
lowa Carol Culver 515-239-1208 | carol.culver@dot.iowa.gov
lowa Mark Dunn 515-239-1447 | mark.dunn@dot.iowa.gov
lowa Ahmad Abu Hawash | 515-239-1393 | ahmad.abuhawash@dot.iowa.gov
lowa Bob Younie 515-239-1589 | bob.younie@dot.iowa.gov
lowa Tom Welch 515-239-1267 | tom.welch@dot.iowa.gov
FHWA-lowa | Becky Hiatt 515-233-7321 | rebecca.hiatt@fhwa.gov
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Attachment 3

Illinois “Dashboard” for Project Status
To view live, go to http://www.ict.uiuc.edu/idotprojects.asp

NOI
| CENTER &
TRANSPORTATION
= < ople

IDOT Project Status

Project Title:

Concrete Distress Identification (RE3)
Primary Investigator:

prof. Leslie 1. Struble

Start Date: 7/1/2005
£nd Date: 6/30/2006

Task 1: measure freeze-thaw performance of aggregate used in Yalmeyer concrete

Q1 Q2 Q3 Q4 Qs Qb Q7 Q8 Q9 Qio Qi1 Q12 o

Task 2: review test records on aggregate used in Yalmeyer concrete : B
Q1 Q2 Q3 Q4 Q5 Q6 Qv Q8 Q9 Q1D Q11 Q12 o

Task 3: write final report on Yalmeyer concrate
Q1 Q2 Q3 Q4 Q5 Q6 Q7 QB8 Q9 Qlo0 Q11 Q12 o

Task 4: review mineralogy (chemical composition, phase composition, microstructure) of
flint and chert in general and of chert in llingis

Q1 Q2 03 Q4 Q5 Q5 Q7 G8 QI Qi Qi1 Qi o

Task 5: review alkali-silica reactivity of chert ) B
Q1 Q2 Q3 Q4 Q5 Q6 Q7 QB8 Q9 Qlo0 Q11 Q12 o
Task 6: review geologic origin of cherts occurring in sand deposits in Illinois

QL Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q3 QIO Qll Q2 o

Task 7: select model cherts, some representative of those found in Illinois; test the
reactivity of model cherts using standard mortar tests; and study the reaction of model
cherts in alkali hydrozide solutions

Q1 Q2 Q3 Q4 Q5 Q8 Q7 Q8 Q3 Q0 Qll Q12 o

Task 8: determine whether there are features of chert mineralogy that are associated
with alkali-silica reactivity and can be used to predict reactivity

Q1 qe q3 Q4 Qs Qf Q7 Q8 Q9 Q10 Q11 Qiz o
e e I e I R B | &
Task 9: finish the report of chert project

Q1 Q2 Q3 Q4 Q5 Q8 Q7 Q8 Q3 QIO Qll Q12 o

Task 10: petrographic examination of concrete beams and finish the report : B
Q1 Q2 Q3 Q4 Q5 Q6 07 08 09 Q10 Qi1 Qi o

Bars in each quarter show the following:
E Planned Activity

i Work Proceeding as Planned
i Task Completed

i Activity Halted or Progress of Concern
Last Updated: 8/15/2006

IDOT Projects Home

ILLINGIS CENTER OF TRANSPORTATION
YRIGHT 2006, ALL RIGHTS AESEAVED

Publications
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Attachment 4
Ohio DOT Research Assessment Plan

OHIO DEPARTMENT OF TRANSPORTATION
RESEARCH IMPLEMENTATION ASSESSMENT

SJM: YN | SUPPORTING DATA COMMENTS

BEMNEFITS

Reducad avarall cost

Reducad costitime ratio

Increased perfomance/cost ratio

Dacreasad costilifstime ratio

Reducaed ovarall tima

Increased overall parformance

Increasad public safaty

Impraved envirenmeantal conditizns

Supports ODOT's strategic initiatives

Addmresses customer's neads

Wide scope of application

Easily adaptable

Supported by reliable, reproducible test data

EFFECTS

Changes nesded with ODOT's existing
structura

Possible risks associated with the use or
change in processes

Departmants or users that will be affected

Lagal or regulatary concarns

Implemantation costs for labor, materials, or
owarhead

Funding sources

OTHER

Equipment fram research project that should
ba retrieved forimplamentaticn

‘Wheo should implement - intermal staff or PI?

FINAL IMPLEMENTATION CONCLUSION

: Ay
Figure 5.2
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Attachment 5

Kansas DOT Research Procedures and Implementation

KDOT Research Procedures
and
Research Implementation System

Towa DOT
Research Peer Exchange Mesting
Auguet 15, 2007

Research Unit Organization

+ Unit in Bureau of Materials and Res=arch.

* 7 Sections.

* 26 FTE's plus temporary employess.

* Research staff aversees most internal agancy
RD&T activities including administration of
university research program plus some planning
and materials support functions.

 Staff from other bureaus also serve as project
monitars on university research projects in their
area of expertise,

Research Committee Structure

— Research Program Council

# Sets policy and approves annual K-TRAN
program.
— Reszarch Technical Committee
® Based on input from APL's, evaluates praposed
projects, prioritizes and recommends annual
program,
# Recommands policy.
— Area Panels (7)

#® Evaluates prapropasals received and
determines which to recommend and pricrity.

22

KDOT Organization

* Secretary of Transportation

* fAsst. Sec. Of Transportation and STE

* Director, Division of Operations

& Chief, Bureau of Materials and Research
* Engineer of Research

KDOT Research Oversight

* Our research committee structure and
wide involvement of other agency staff in
manitoring the research program
contribute to our success:

— Research Program Councl

— Research Technical Committes
-7 Area Pangls

— Project Monitors

Research Program Council

- Secretary of Transportation, Asst. Secretary
and STE, KSU and KU Deans of Enginesring, 3
private sector members, FHWA Division
Administrator & Research Director,

— Set policy and approve annual K-TRAN
university research program.

— Establishes awarsness, creates involvement,
provides communications opportunities,
allows inputs on potential policy neads.




Research Technical Committee

* 16 members: KDOT-6 bureau chisfs, 4 asst. bur.

chiefs, T2 Engineer, 4 faculty and 1 FHWA.
# 7 of 11 KDOT members are also Araz Panel
Leaders (APL).
* RTC develops list of prioritized candidate
projects from APL recommendations

& Tnvolves key staff interested ressarch results
that can be implemanted

Area Panels

* Operations (Pavements, Matarials, Construction
B Maintenance)

Structural

Gaometric Design, Drainage & Environmantal
Planning, Administration & Computing

Traffic Operatians: Driver & Pedestrian Safety
Local Governmants

Multimedal (Rail. #viation, Public Transit &
Fraight)

Strategic Management Plan

« Strategic Goal 5 "KDOT will optimize its use of
technology to improve the efficiency and
effectiveness of the department’s operations.”

* Objective: "Continue the research and
development of technological applications to
improve transportation and transportation
related processes in Kansas.

« Strategy: "K-TRAM Program: Implement
improvement efforts offered through the use of
the K-TRAN Program/Continue K-TRAN projects.
Obtain a beneficial return,”

23

Area Panels (7)

— 4 fixed members each (KDOT-APL, FHWA,
KSU, KL,

— Review research project statements assigned
to their area pansel and recommend candidate
projects for funding to RTC.

— APL's assign project monitors typically from
their bureaus, approve final reports for
publication and assist with implementation
efforts,
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Strategic Management Plan

Management Goal 5 "To preserve the condition
of the SHS in its as-built or improved condition.”
Management Strategy--MNew Technaologies and
Techniques: "To research, review, evaluate and
implement new technologies, techniques, and
practices that continually improve transportation
in Kansas.”

Output Measures: "Benefit to Cost ratio of K-
TRAN projects”




MNCHRFP Synthesis 280-Seven Keys to
Building a Robust Research Program

1, Found it on frust

2. Market haldly

3. Root t in economics

4 Make geals unabashadly
5, Insist on accountabifty
6. Embrace poficy research
7. Empower the staif

How we get policy research included in our
program "without really trying”

# Ectablished a research policy committes with top
level managers and include senior managers an
other ressarch committees

* Solicit ideas widely on all topics

* Adopted procedures that allow/encowrage policy
and soft-side research

# Ectablished a research program with access to
outside experts to complement in-house staff

# Produce ussble results in timeframe needed on
critical policy issues

KDOT Keys (cont.)

— Flexibility: Needs that arise later in the
process can be included at any step up until
the final K-TRAN program is approvad and
funded

— Fast track option: Policy, TPF or emergency
rieeds that have management approval are
funded on an ad hoc basis.
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Why is policy research
important?

* Better factual information on policy issues
available to top management

* Opens communications between top
management and research director/staff

* Builds trust that can lead to support of
traditional research

KDOT Keys

- Open communications policy and TQM
principles overcome potential organizational
issles

— Willingness to encourage and include all
potential research topic areas

- Support of 3 university research program that
provides access to experts as needad

— Research committes structure and university
research administration policy increases
nurnber of persons involved with "research”

Ad hoc University & Other Research

* In state university research projects are
approved as needed for emergencies or
special needs with approval of the Asst.
Sec. and STE. {use interagency transfer
funds)

* Qut of state university, contractor and
consultant research has to be funded from
OOE budget. Much tougher to accomplish.
Some OOE funds budgeted each year.




In House Research

s Focused primarily on applied ressarch, development
and implementation.

# Primarily ad hoc addressing agency neads as they
arise with re-prioritization as needed.

» Track experimental features, test sections.

s fAddress construction problems (brushfires).

* Provide materials and planning support functions.

* Provide T2, technical training, library, LTAP admin.

» Adminisbrative functions-tech. panels, commitiees.

Transportation Pooled Fund
Projects

« Solicitation requests are evaluatad as received
b? technical area Bureau Chief{s), myself, Chisf
of Transportation Planning and Asst. Sec. and
STE.

* Typically reviews and approvals of funding are
completed within 2 week or less of initial receipt.

¢ Annual seb aside budget of $700K.

« With KS as lead state: Work plan and overall
cost estimate are prepared and postad on the
TPF weh site, Same approvals are required
before solicitation is posted.

Research Implementation
System

Implementation

* Implementation is now formally
considered at each stage of project
development.

Procedme for KOKTT Resweanc b Imphensemaiisn
Principi

hvessigator

Projest

b inniticn

Auwa Panel

Commitiee

Benefits Reporting History

* Our formal implementation plan is only
used K-TRAN Program projects.

* K-TRAN Annual Assessment and
Implementation Reports used 1993
through 1997 (all projects).

* K-TRAN Research Implementation Plans
and Annual Progress Reports: since 1993
(all completed projects).




Research Implementation Plan

* A RIP is completed for each published K-
TRAN project

* RIP is prepared by the Project Monitor
with assistance from the PI and KDOT
Technology Transfer Section staff

* Reality: Tough to get documentation from

PM'’s since many findings are implemented
before the final reporting stage
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Research Implementation Plan

® Topics addressed:
— Description/ID information
— Summary of research findings
— Implementation patential
— Strategies for implementation
— Task scheduls for implementation
— Implementation cost estimate
— Project assessment using multi-objective criteria
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Research Project
Implementation Progress Report
Form

* Adapted from OK DOT form

* Completed initially with RIP when project

report is published, then annually by IM
until implementation is completed

* Shows schedule and milestones completed

* Triennial benefits and costs listed with
BCR (projected and actual)
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K-TRAN Products/Benefits March
2007(18 yrs.)

* 247 projects authorized, 199
completed, remainder in progress or
autherized.

* 101 projects have products or findings
implemented or in progress of
implementation.

* 109 products documented.

* Benefit Cost Ratio—12.9:1

KDOT Electronic Library

# KDOT Document Management System is used as
|'eljns'|tory and "library catalog” for pdf files of
full text publications and also those that have
not be scanned.

« Web based search engine provides access to
documents using KDOT intranst,

® 44,962 "documents” now entered into DMS.

* Estimate about 70% of documents are full text.

# About 371 full text ressarch reports and 105
report summariss ars available on the internet
via the KDOT Research Reports Cataloq.
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Attachment 6
Kansas DOT report search engine

KANSAS - e e L, Rn—

DEPARTMENT OF TRANSPORTATION Employment

Responsible & Responsive Map QuickLinks hd Bureau OuickLinks v # Contact Us*

Home < Publications & Reports < Research Reports Catalog Print this page =

Site Tdex”

[ Infarmation
[ KDOT Research Reports Catalog
Advanced Search
3 | Count
Maps Search far: Seaieh
Publications & Reports ————
Travel Traffic Information
News & Announcements Searehlin W Document Title M Keyword
Projects & Studies " ¥ Reference Number [ Referance Name(s) T
M
Safety Information N "fl“c’nal i
Doing Business With Us ; l—_, 00 ranspcriation ransit
3 Search Period: | Al hd ﬂl (B brary : Bicycle/Pedestrian
Letting Information Cant find t?? Check the help page for search tips.
Specifications Learn mare about the catalog here, KC Metro Lane Closures
Pre-Qualified Contractors Vacancy Listing i
Pre-Qualification If you have guestions or comments, please send an e-mail to: Requests For Cuotation
Questionnaire libraryEksdat.org. KS Trucking Connection
Pre-Qualified Materials Other Related DOT's
Get Pre-Qualified State Services Directory
Pre-Qualified Consultants
Engineering Standard 511 Traveler Infermation
Drawings Partnership Project
Payment Request Form Bureau Right of Way
Bid Item List Report Project Information

Copyright & 2005 Kansas Department of Transportation
Dizclaimer | Cortact Us | Kansas.goy
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Attachment 9
Wisconsin DOT Research Links

Transportation Synthesis Reports -
http://www.dot.wisconsin.gov/library/research/reports/newreports.htm#tsr

Research Briefs

Asphalt paving - http://www.dot.wisconsin.gov/library/research/reports/asphalt.htm
Concrete paving - http://www.dot.wisconsin.gov/library/research/reports/concrete.htm
Geotechnics - http://www.dot.wisconsin.gov/library/research/reports/geotechnics.htm
Structures - http://www.dot.wisconsin.gov/library/research/reports/structures.htm

Research Videos - http://www.dot.wisconsin.gov/library/research/reports/video.htm
WisDOT Annual Research Report (right-hand side of page)-

http://www.dot.wisconsin.gov/library/research/reports/index.htm

WisDOT Research & Library E-News - http://www.dot.wisconsin.gov/library/rese
arch/reports/enews.htm

WHRP E-News - http://whrpnews.org/06-07.htm

33


http://www.dot.wisconsin.gov/library/rese

Attachment 10

esearch Digest
= -

DA
Trenanorfeficn

FORWARD ALL REQUESTS TO:

The Umversity of Texas at Austin
Center for Transportation Research

LIBERARY
5208 Fed River - Suite 115
Austin, Texas TET05-2650
Phone: (512) 232-3126 and (512) 232-3138
Fax: (512) 232-3088
Email: cerlibiants.contexas.adu

Rasvarck and Direhmalogy faplascanmion OffTes Salyp 2007
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Texas DOT Video Clips

View these at http://dmgdemo.tamu.edu/RTIvideos/

Texas
Department
of Transportation

Attachment 11

Research and Technology Implementation Office

ConcreteWorks

Softwiare for Concrete Design and Analysis
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Attachment 12

California Department of Transportation
Drivision of Research and Innovation (DERI)

Miick Burmas
Office Chief, Office of Materials and Infrastructurs

How do you ensure Tech Transfer Ocours?

= Technology Push

= Champions

= Senior Managemen: Support

= Pilot Projects and Demaonsirations

= Early Involvement of Users

= Partnerships

= Progress Monitoring and Committed Funding
= Marketing and Communications

TECHHOLOSY FUSH:

Laser Metology

Lnmxpines 400l for moid camage sssessmant
and algnment daia

Frosided a Digital Topographical bMap, Super
Elevation and tajediory diagram of -850
cornecion in Caitrans specied coordinaes
within & hours of scanning with abschat=ly no
Imerference or mork Sioppage of consrucion
and mAMmAnNENCE DErsonnel on N sk,

Fosal ifs amd Lacer
Foint Cioud Images of
Waodrihur Mazs

Rl IHe and Lasar Polnt
Cloud Images of aroge-
es0san of reinforosd aonarsts
Tuss (580 Easl cide
SONNBAoT)

o
e e

Research Process
Committee Structure

RDSC - Research and Deployment Steering
Committee

RDAC — Research and Deployment Advisory
Commitiee

F5Cs - Program Stearing Commitiees

TAPs - Technical Advisory Panels

ShakeCast — A Tool for Post Earthquake
Eridge Inspection

N
Division of Research & Innovation
Office of Materials & Infrastmemre
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Attachment 14

CALTRANS

DIvVISION OF RESEARCH AND INNOVATION
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caarch agenda baced on the Involsement and partiolpabion of
He Inbarmal and sxi=rnal cocbomars; parforme and davsloge ag-
pllad trameporisticn recsaroh for all modes of trancportation;
proldse tschnical scclctanos to Be customers to deploy tranc.-
portatlon recssrcs products; sngagec In both short- and kong-
{&rm recssrcs; managss recaaroh projecic and obfalne Tunding
for the recsarch.
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Attachment 1A

Effective Construction
Training Program for Hispanic
and American Supervisors
and Craft Workers

tech transfar summary

oondicied by L. sk s ot lowa Saie University the projed isam
daiermined that hinguage was noi the =k e rithar the probkims
wera relaied io differances In culiur and reliionships.

The tmining course dessloped a5 part of this pmjedt—the Toolbox
Integration Cours for Hispanic workers and Amerlcn superdsors
{TIC HA)—consisied of nine mockles covering basic termes in English
and Span h fwonds, colors. body paris, and rombers ). o wall a5 enms
relaied o safeiyand the workplce, These materials ware presanied
Ina unigue Bshion cenierad on deseloping and nuririog parsonal
ralaiionships beiwoan workeors and Spanisors.

Comt e on. net page
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Connimed [rom previons page

The rining session would uzually cocur on the job e,
prior to the stan of the work day A trpical day’s craming,
sezsion woull begin witha brel review of previous
naberial. Mexi, the curreni session’s naterol would be
E::Hmad followed by a quedion and amswer session
ween the workers and their supervizar. Por exanple
the workers would &k ithe supervisor o say the wond
for “trowel” in Spamish (pakeial, ofien by poiniing at the
pictore in the tramning, malenal. The superor woald then
&k one of the workers how 10 =3y “chaleos™ 1n Englhsh
{zalety wvet ), The culral aspect o thie lie=in
educating the workers ihai it & accepiable 10 ask questions
ard that a quesiion & preferable 10 a metake. The
superviar thus karne that the workers are not acostomed
o hing questions ol their bosses. By encouraging
quesiioning I a non-Lhreaiening environment (one in
which there 1= no pznalty lar =king) . rebianships are
mprowed and diflerences are reduced and undersiood.

Reszarch was aksa condudisd, using nine xpenmental and
four conirol groups. to messure the effecivensss of the
Lralnirng,

Key Findings

¢ The TICHA conrse resulied inquaniifiable improvemeni
in Englih (on the pan ol the workers? and Spanish
{on the pant of the superviars! langmge shills in the
erperinenal groups when compared 1o the coniro

APoLpe.

« superviors kli that produciviy and safeiy had
improved in Lheir bzames 2 aresuli ol the iraining,

« Tranml ven bya raive 1zh spzaker. al=o Mueni
n rF-H-EJ pm%adabﬂlﬂnnxﬁnn io ihe workers
this irainer was beiier able (o understand and ameliort:
the cukoral differences beiween the workers amd
SUPErFsars.

= Sakty mprovements, although not statisiically
sknificant, were seen. A review of relevani hieratoare
stgeds thal iwo toihnee vears of safeiy daia are
requirzd for m adequate analysis of salery benefils

Implementation Benefits

= An nbegrated program of languags and crass-culiral
irining can mprove miepersonal relatomes and
communiaiions, yielding improvemenis in work qualiy,
safery, and empiovee retention.

Implementation Readiness

= Additional traming and iesiing will be performed s a
pan ol a project extension, plinned for the Bil ol 2007

« The method can be gpplied 10 workers inother
incditrizs, akhough o some cees the training, maienal
woukd need 1o be modified 10 maich the neeck and =klis

althe new indusiry group.
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Testing HMA Density with
Electromagnetic Gauges

tach transfer summanry

Elect ? pAges offET NODAESLICIVE testing of IT-plice HMA
with seal thne rESdls for ettecitve QTAQA nnﬂ:’::nn:;.

Objectives

» Compare the acouracy and preceion of two eled omagneic gages—
the Favemeni Quality Indicator (P4 model 200 and the FaveTracker
moidel 2701—io that of core density vesting, of hot -mixasphali (HMAS
FerFEment

» Determine which gasge. 1f eivher, should be corsidensd for qualny
control and quaity ssnmance testing,

Problam Statemeant

Densiry & acniical bdor that diredly infloences HMA paveneni qualiny
and longderm pedornance, as well as contmcior incentves and dis
incenires. The corimg, process taditionally vsad for ohigining, densiny

15 Lime -consuming, cosily and can create imperfsciions i new pre-
menis—even though the sample bocations are properly repaired

Huckear density gmges are an aliernaime io corimg, bt they invatee
oiher complications, inchding ihe risk of exposure io rad Giton and stnd
licensing, record-kezping, usage, and siorage requiremenis. Consequeni-
be there izdzmand kor 2 densirye-missuring device that & reliable, zazvio-
usz, rapH nond=gniciive, and nonmdicacine.

s’ %

=
NI

o

FaveTracker gauge muanufios ored by Troder Elecoronics Laborarery

Resaarch Description

Tt daia were collected 1nthe hield dunng and afier pring opentions
azwell a5 on feld mixes compacied in a laboraiory o Pave Tracker, B
and cores. POy dersiy readings were collectad boih in simle modz and
mulii mode

Data were amalvzed and grouped by vanable i deternine which of the
[oliowimg, tested Beiors alfeced demsity readings:

Connined on NEF page
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Cont b from previons page

» Piliezn diffzrent sges

« Two condiiions Cwetand dry HMA pavemenis)

« Sgven dilferzni conimdors

« Two nominal mazmum agaregaie smes (HMASS)
(125 nn and 120 mm?)

« Prve tralfic levels (mnging rom 200 0590 10 20 million
ESALS!

¢ Thres aggregate npes (imesione, sbglimesione. and
qanziiel

¢+ Thres szpamie roller passes

Kay Findings

Analvsi revealed the following, with regard 1o specific
gAugss and aperaiional modes

The siaiiiical anatysis of PaveTracker denesity resd-

ings implied that condiion Ce., wet or dryl, conirac-
lor, Aggregate bype. MEMAS, traffic fevel and rofier pass
were all snificant vartables affecting densiry mea-
SUMEMENS

For the single-mode POL opention, the siatsii-

cal analysis revealed that station, pavement wickh,

diance across pavement widih, and temperaiure are
sknificant.

Staiisiical arakyss of multkmod e B data revealed
that siie, siaiion, pavement width, conimcior, szgre-
gabe tvpe, binder coniend, roller pass, and disiance
across pavemeni widih were significant vanables.

sinalyses of both eledno el devioes, the Fave-
Tracker and POL indicate ihat both are szrstme 1o den-

sty changes due bo rolker passes, which suggesis thal
thiese devices could be wsed F:-r-.|;|u.1||r:.'-:-:-n|.n:l|.I:l|h:r
resulis from this ressanch inciode the oliowing;

« s the apphcaiion of qualiy indices reveaks. qualiny
assurance conclusions msed on O daia would be
equrraleni io those based on cores in most cases. 1f
wsed for deiemmination of payment, FaveTracker den-
siites 10 this sty would resuli in contracor penal-
ties more ofien than POQL densities.

socording bo the siaisiical ambysis, novarables are
comsdered siatrically sigmbcan for all three eledro-
magnelc gage data seis However, two ool of ihnes
chia seis (e, PveTadier and mofi-mods PQL resd-
imgsd are significantly affeded by contmaor, agaregate
ivpes, binder content. and roller pass.

The location of 1 core across the widih of 2 pavemeni
can resuliin sgnificanity dilferent densioe readin

lor the sane pavement. The PUsvanabiliy tends io
bz greaier than boih the FaveTracker and exiracied
COres.

In labaraiory iesis, analyss indicate ihat only the
condiiton {Le. wei or dry) and demsity-reading device
affeci deresity resulis. This |n'ﬁ4|u- that miees with
shw can be evaluaied with zither devicz and not yield
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significanily diffzrent resuliz ihan a non-zlg, mix
compaced o the same airvoid level.

= The newer B .:I%arlhm was found tobe more ac-
aunbe than the older akgorithm with aboui the same
lewel of preceion on bbomiory-prepared samples.

Implamentation Benefits

The subganual redudion in testing nme that resolis
from employing elecironagnedic gaugss racher than cor-
i, makes 1 possble far more read g bo be used inhe
QoA process, aflering, real-time mormation wih-
CLE InCrexsing the teging cosis. Since elcironagnetc
aages ofler nondesirucive festing, the new pavemeni
dhoe= not inour imperdeciions due o cone sampliing,

Eled romagneiic gavges do not require Lhe exiensive
lizensing and record-keeping necessary kor nudear den-
sty gauges. nor do they iwolve the potenital mdaibon
mzrds

Implamentation Readiness

Lising, iest sinps bo determine an approprat: adjusimeni

facior s cntical for effecimve QO testing with elec-
iromagneiic gauges Becans: several differeni miz- and
project-specific [adore alfect the readings, implemenia-
ion ol these ganges will likeky need ta rely an iest sirips
for each new project and mix

To ensure the appropraie implemeniaton of elecino
meknetic gakes, there 15 a need oraddinanal reseanch

ihat considers the following, demenis

= Increased eledromagnetic gmge iesting frequency

= Amalvse ol new eleciromagneiic gauges thai have
come onio ihe marke

Furiher reszarch should be conducied on the Pave-

Tracker and P{ 1o egabish gmdelines. 1t 1= recom-
mended ihat the biesi dgonthns be employed when
conduciing Lxure research wiih eleciromagneiic gauges.

TransTech Systans Pavement uallty Dsdiootor



Attachment 17

Technology Transfer at WSDOT

2007 Technology Transfer Peer Exchange
lowa Department of Transportation
August 15, 2007

Organization of WSDOT Research Committees

WSDOT has five Research Committees. The Research Executive Committee (REC)
provides sets strategic goals for the WSDOT Research Program. Four Research
Advisory Committees (RACs) were created by the REC to focus on critical business
functions of the department. These four committees are chaired by members of the
REC. The RAC members are Office managers responsible for functions of the
department (State Materials Engineer, State Maintenance Engineer, Planning Director,
etc.). The RAC facilitates the identification of research needs from within the
department, prioritize these needs, and forward recommendations to the REC. They
also review project status and outcomes. The involvement of senior managers in the
identification of needs and oversight of projects helps facilitate implementation of
research results.

WSDOT Research Management

| Research Executive Committee |

Project

Delivery Operations

' :j:l'\f-te-search Advisory Committe;eis: -

Multimodal Information &
Transportation Finance

The following are ways that WSDOT communicates about research activities and
results.

Increasing Program Awareness

¢ A Communication Plan has been developed to identify key audiences the
Research Program is trying to reach and messages we seek to convey. The
WSDOT Communications Office provides templates and support to develop
communication plans.

e An Executive Monthly Report is prepared each month for the Chief of Staff and
distributed to agency executives, the Federal Highway Administration Division
contact for research, members of the Research Advisory Committees, and
university TRAC Directors. The monthly report summarizes completed research
projects, new starts, key project progress, program news, and library activity.
http://www.wsdot.wa.gov/Research/

e The WSDOT Research web site is includes a description of the research
program, copies of recent research reports (older reports are being digitized to
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http://www.wsdot.wa.gov/Research/

load on the web site), a form for submitting research proposals, copies of the
guarterly newsletters, information about the WSDOT library and access to the
library catalogue. The web site includes the Research Procedures Manual, office
newsletter and a collection of standard forms, white papers and links to a variety
of useful sites and other information. http://www.wsdot.wa.gov/Research/

The TRAC Biennial Report is prepared every two years and summarizes many of
the research activities conducted at the University of Washington and
Washington State University — primarily but not exclusively with funding from
WSDOT. http://depts.washington.edu/trac/otherpubs/index.html

Research folios are prepared as a means to give a brief overview of aspects of
the WSDOT Research Program. Folios have been prepared to describe
Transportation Research, WSDOT Research Management, and Transportation
Research Programs. Audiences vary for each folio but may include the
Congressional Delegation, agency employees, university professors, and the
public. http://www.wsdot.wa.gov/Research/AboutUs.htm

Open House: A WSDOT Research Open House was conducted in 2006. It
included displays of the research process and research results, a
videoconference about TRAC and TransNow, and visits by faculty. The
response to the open house was very positive. Many employees appreciated
information about this ‘little known’ program.
http://www.wsdot.wa.gov/NR/rdonlyres/769BEEC4-497E-47C8-8E69-
13E5D8A7AD68/0/WSDOTInvestigatesResearchattheOpenHouse.doc

Project Specific Tech Transfer Tools

Transportation Synthesis Reports are developed on topics of importance to
senior managers within the department. The synthesis reports are modeled after
those conducted by Wisconsin DOT and CTC and Associates. The reports
provide summaries of literature, web pages, surveys and other state of the
practice information.

Project Status Reports are provided to the REC and RACs so that they are
aware of project progress. The status reviews are being modeled after quarterly
project reviews of the agency’s construction projects. A status is provided for all
projects but discussion focuses on those that are deviating from planned
schedule, budget or scope expectations.

All Research Final Reports are distributed to all state research programs,
national libraries, repositories and other interested entities. WSDOT publishes
research findings in a consistent publication format and distributes to a wide
audience of potential users. The summary of project implementation is reported
in the Monthly Executive Report as well as the Biennial Implementation Report.
All reports are entered into the Washington State Library and WSDOT Libraries
where they are accessible through WorldCat and TLCat. They are also available
through a searchable online database.
http://www.wsdot.wa.gov/Research/Reports/

Research Notes provide the end user with a summary review of a research
project and describes how to implement the work in the field. They are designed
to help the lay person understand how to use the research through photographs
and more instructional details.
http://www.wsdot.wa.gov/Research/Working/Notes.htm
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Workshops/Seminars: At the conclusion of selected research projects, a
workshop or presentation may be conducted to explain the research and discuss
the findings.

LTAP Newsletter: The WSDOT Technology Transfer (T2) Center quarterly
newsletter includes a section from the Research Office in each publication. The
articles are prepared by Research Managers and Technical Monitors and focus
on projects that may be of value to local government.
http://www.wsdot.wa.gov/TA/T2Center/T2Bulletin/2007 Summer.pdf

A Research Listserve is in development and will be used to push information
about research program activities and research results to interested employees.

The WSDOT Lessons Learned Database may be a mechanism to distribute new
methods to the user community. This is currently an internal-only database but
may be made available to a broader community in the near future.

Awards received for research projects are documented and shared through the
Executive Monthly Report and web page.

How do we ensure Tech Transfer occurs?

Encourage a culture of innovation (see additional attached information)

Involve Division and Office Directors in the evolution and selection of research
projects.

Require Technical Monitor and Researcher to think of implementation needs,
including technical transfer, when the project is developed.

Include training in the research project scope when appropriate.

Encourage the inclusion of technical staff in the conduct of the research project
to  foster interest in and use of the products.

Provide “excuse-remover” funding as needed

Build and facilitate relationships with WSDOT customers and researchers.

How do you evaluate the effectiveness of Tech Transfer?

Developing awareness of implementation plans and technical transfer needs
within Research Advisory Committees

Work to capture stories of the use and value of research reports
Testing the Research Performance Measures database

I'm very interested in learning how others evaluate their programs.

Challenges to Technical Transfer

e Technical Monitors do not have adequate time to develop implementation
plans and information for Research Notes.

e Many technical staff targeted to review of draft reports do not review them.
This can lead to “late objectors” to use South Dakota’s phrase. In accurate
information can end up in published documents that are challenging to
retract.

54


http://www.wsdot.wa.gov/TA/T2Center/T2Bulletin/2007Summer.pdf

e Resources within the Research and Library Services Office are not adequate
to maintain and develop material to push research results to user
communities as much as needed.

Ideas picked up from the Peer Exchange

e More graphic/reader-friendly status reports. (WisDOT)

e Providing support for peer exchanges through the Research Office (WisDOT)
e The Project Status websites (lllinois)

e Using short targeted video clips (TxDOT)

e Video seminars (Caltrans)

¢ Investigate inclusion of performance measures in Research Notes (OHDOT)

Supporting a Relevant Research Program

Telling the stories of success is key to maintaining the relevance and effectiveness of
research. If research is understood to be valuable, it is more likely the culture to
maintain and improve support for research will follow.

That's not to say this is easy. We're busy people. Short, focused messages that convey
the benefits of work are important. Look for appropriate forums to share informatio. Use
a variety of formats and delivery methods.

WSDOT has looked at why research is so successful in our State Materials Lab. They
have a reputation, both internally and externally, for conducting very useful research. In
their view, items that support their success are:

A work culture that supports investigation

Business plan goals identify research objectives

Position Descriptions include work tasks in support of research and testing
Workload is managed to include research activities

Management expects research project completion and monitors progress
Research activities are results oriented and results are quickly and obviously
incorporated into agency work methods/policy

Research results are actively marketed through written summaries and advocacy
in discussion

Research benefits are captured and used as justification for additional resource
devoted to investigation

An environment of innovation

Experimental approaches are encouraged (New Products, Experimental
Features, Literature Searches/Investigation, Lessons Learned)

Employees are encouraged to participate in national research conferences to
identify potential solutions and leverage the synergy possible with other
innovators

A strong network geared to problem solving

Relationships with researchers are developed and maintained beyond individual

projects

Connections with other states foster sharing of research results and partnering to
address knowledge gaps

Research results are used to influence national guidance through participation in
national meetings
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Certainly, support by the leadership of the department can help increase the expectation
to use research as a tool in addressing agency challenges. And being an innovative
agency can help attract new employees.

Lastly, it's important to be nimble, to think outside of traditional research and help
investigate new areas of need. Programs should also be flexible — quick turn around
research, synthesis studies, surveys may help meet the needs of the department.
Research Programs should flex as the needs of the organization change.
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(1)

Mn/DOT Technology Transfer
814/07

Alan Rindels
Research Program Development
Engineer
Research Services Section,

A BEa g Cind Srnl P T R

What is RSS role?
« Help the offices
= Develop research keas
= Find individuals to perform research
= Publish resaarch results
= Manage financial aspects of projects

= Assist and fund the implementation of the
research




Carol's Reguest

= How do you ensure Tech Transfer
Occurs?

= What Technigues do you use?
* Please bring examples.

Research:
~basic, applied, desktop

Implementation:

=5 the process of putting the resulis of
research into practical use in order fo realize
a measureable retum on an investment in
rasearch.

61



) !
il
It fq__”. :
g il 1
1 i bl
— .._.__u...m._._ i = L
_ g | o EY M R
M tHe O

o i _.”_ ___
- 1 | -“._ ._ B !
et R &
(Rl
{4 - _ .m_ _“ H._ 1 _ i
. L 1 | .._ i __ _.
f |y B i H
i 1 i |
g ___ H fl
- A I S R L Y I B S

o e B B E e
| SR

74




[ —" T ———— -

. = o "
1 |
| ST LARE
- |
e it 1 STIP Assnarck R
B R Posain o
= [ ]|~
i R - ==

11

s | e [

. —— e
e |
- o
=y
o
=

LS, EE PR T e =8
| e ]




LARE

Zh

HLHHF

Prooesss

" e

Fabe el ¢ it |
a M

=]

-
L T
.

-
.
o
e
e w—

R e
| S Sp S e

e e e gLy

64



Pechd Fung fnone| TH LRRE

..... — -
o ——
[ :
= =
S =y === L
= =
- -
— =
— e ——
.- = ——
Eom ]
= — f—
-
=
" —1 d
e e
S = e o e
= — = = - -
- E
oW o el o B
ra Cem

65



[ g g B
P
1

ITS
ISt

-,

aled FLins) @ HG

3T LRRE

LIMN -I e
Naticnal LTC = =t o
- S———y
H _';_.
L —
H = e




B . TS ' :
= 1 recll ] e I | _RR
3 bl i g | i et aSTIP | RRE

« How do you ensure Tech Transfer Occurs?
Frapare close out mamos

Fallcw the Research Implementation Guide

+ [rrbeniey F
* Ifbervieew TL and alhem

Fund the implementation of research. ..
Implementation RFP

[ d

[ 3
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Goal Mn/DOT's Research

Implementation Funding Program

= Thiz program was established 1o encourage
and support activities that assist in bringing
MnDOT research resulls to application

+ Application of these rasults should

measurably improve the parformance of
Mr/'DOT's investment of Transportation
Resourcas
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Research Implementation RFP

Request ldeas for Implementation
Develop costs to Implement

Select Proposals to Fund

Other allow for flexibility in Research

Tech Transhes

Implsmentation of Steal
Bridge Manbenance
Planning
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()

Research is Also Implementation

« Example

= Developing and Implementing Enhanced
Favement Marking Managemeant Tools far the
MR/DOT. CTRE

®

Questions?
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Research Implementation Guide

TEN STEPS TO TURN THE BEST OF
RESEARCH INTO PRACTICE

Comments or questions may be directed to:

Mn/DOT Office of Investment Management /Research Services Section
Transportation Bldg. 1% Floor N, MS 330
St. Paul, Minnesota 55155
Phone (651) 282-2473 FAX (651) 297-2354
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IMPLEMENTATION OF RESEARCH RESULTS

Implementation of research results does not follow a straight line. In fact, implementation
may take many turns, and this guide could be described as a “work-in-progress”.

As a participant in research implementation activities, you will make a series of decisions
that will impact the success of implementation projects. As a practitioner, you know the
helpfulness of new ideas and tools in improving day-to-day operations.

This guide offers a framework for finding solutions that work. It outlines the ten most
important steps in the implementation decision-making process. These steps are
intended to make it easier to shape and monitor implementation projects.

Depending on the specific project, the implementation process may lead members in
different directions. A solution that first looks attractive may not be possible without
laying the groundwork with additional actions. The steps that follow will help you to avoid
missteps and lead you to the most effective solutions.
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STEP 1. THINK ABOUT THE END RESULTS

Every beginning has an end. Be sure to know what you hope to gain from your project
when you are done. Work with your committee to spell it out in concrete terms.

Questions:  What actions do you want to occur as a result of the project?
Do you want practitioners to adopt a new practice?
Do you want to increase awareness about a new project?
What kind of impact do you hope the project will have?
How can you measure that impact?
What specifically will you measure to determine the impact of
implementation? How will you know when you are done?

STEP 2. UNDERSTAND THE ENVIRONMENT

No project exists in a vacuum. Gather as much information as possible about the whole
picture. List at least three major barriers.

Questions: What do you see as barriers to successful adoption of the results?
What needs to happen to overcome those barriers?
Are there competitors? How might they influence the project?
Is there a need for further research before implementation?

STEP 3. FIND THE OPPORTUNITY

Talk about the potential benefits of the project and match those potential benefits with
what you know about the need. The greater the benefits, the greater the need and the
larger the opportunity.

Questions: What need does the project address?
How large is that need?
Is the need being currently met by other means?
Are there other organizations that might benefit by meeting this need?
Should one or more of those organizations be approached as a potential
partner for the project?
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STEP 4. KNOW THY CUSTOMERS

List everyone who might benefit from the project, and include others who may influence
those who benefit. Divide the list into two categories — those who benefit most and
others. You will want to spend more time reaching out to the first category.

Questions:  Who will benefit most from this project?
What do they currently know about the project or issue?
What do they need to know?
Will the people who benefit support the project or idea?
If not, what would it take to persuade them?
What are the perceptions of those who benefit most?
What demographic information do you know about those who benefit
most?

STEP 5. INVOLVE THE RIGHT PLAYERS

Do not go too far without making sure that you have got the right team. You will want to
have representatives of the groups who benefit the most helping you plan your course of
action. If they are not on your committee, you might want to expand your group, or figure
out another way to gather their ideas.

Questions:  How will you gather input from those groups who might benefit?
Do you need to conduct a focus group to learn more about their thoughts
and perceptions?
Do you have members of your own group who can speak with some
knowledge of those groups?

STEP 6. EXPLORE THE MOST APPROPRIATE TOOL

The tools of technology transfer range from workshops to publications to one-on-one
outreach efforts. Steps 1-5 help you in gathering information about what tool might be
most effective for the project.

Questions:  What tasks will be the most effective in ensuring implementation?
What tool will best reach the groups that you need to reach?
Do different tools seem appropriate for different groups?
What will be the method of distribution?
Who will be responsible for distribution?
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STEP 7. MAKE STRATEGIC USE OF RESOURCES

Now that you know what needs to be done, it is time to figure out the details, such as
cost and required effort.

Question: How much will the project cost in total?
How much does each activity or task cost?
Who will pay for direct implementation costs?
Will the implementation result in indirect costs?
If so, who will pay for these costs?
Will project partners finance some costs?

STEP 8. BRING IN THE EXPERTS

You may need further assistance with a number of issues, depending on the project.
Consider tapping the expertise of technology transfer specialists form the Minnesota
Department of Transportation or the Center for Transportation Studies. It might be time
to hire a consultant to work with the committee or project team, or you may want to talk
to experts about product development options. Or you may just want a fresh perspective.

Questions:  What kind of expertise do you need to do the project well?
Do you need technical support, communications assistance, or help in
another area?
Who can help you find the right person or organization to hire?

STEP 9. DEFINE, DEFINE

Time to be specific. As much as possible, write down your expectations of what now
needs to happen, how it will happen, when it will happen, and who will be involved.

Questions: What are the tasks involved in the project?
What are the final products?
Is there a need for a pilot as a first step?
What are the major milestones for the project?
Who is responsible for producing the final products?
What is the budget?
Who will pay the costs?
What is the project timeline?
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STEP 10.

EVALUATE AND CELEBRATE

Continue to monitor the project’s process as tasks begin and end. As you evaluate and
measure the success of your project during and after its completion, remember to
celebrate the successes and make note of the possibilities for next time.

Questions:

How is the project progressing?

It is on budget, on time, on task?
Are there new goals to address?
Are there any adjustments to make?
How will you measure success?

LAST THOUGHTS

Implementation of research usually involves acceptance of a new idea or product by
users. Research shows that people accept innovations at different rates, which require
different strategies depending on individual interest and preference. The five stages of
adoption—and possible tools to address those stages—include the following:

Awareness:

Interest:

Evaluation:

Trial:

Adoption:

Learning about the project, but lacking information. Tools for creating
awareness—research reports, conference presentations, one-pagers,
brochures, articles in trade journals and newsletters.

Developing an interest in the new product or ideas and seeking additional
information. Tools for providing additional information—field
demonstrations, workshops, technical summaries, literature syntheses,
web sites, library.

Making a decision about whether to try the product or idea. Tools for
providing additional information—one-on-one technical assistance,
communication plans.

Applying the new product, method, or idea on a small scale to determine
its usefulness. Tools for assisting first-time users—training field guides,
new or revised equipment or specifications, product or prototype
development, software development, workshops.

Using the product or method as part of regular practice. Tools for
supporting continued use—software support, new or revised
specifications, standards, regulations, policies, procedures, equipment
and tool purchase, videos, CD ROMS.
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Attachment 21

Implementation Tools
Facilitating the Process

The implementation plan outlines the goals, methods, and funding for applying
research to transportation problems and issues. In some cases, the plan may
involve communication and training. In other cases, the plan may require
collaboration or involve product development. Following is a list of potential
technology transfer tools for implementation.

Reports. Principle investigators produce research reports, usually as contract
deliverables. Reports can take a variety of forms, including a full reports,
executive summaries, field manuals, or training guides.

TRAK One-Pagers. These short, one-page reports update a variety of
audiences on research in progress, news, or implementation efforts.
Administrative Liaisons (AL’s) and Technical Liaisons (TL’s) can encourage
Principle Investigators (PI's) to use one-pagers as vehicles to communicate their
research.

Communication Plans. Mn/DOT’s communication specialists may assist in the
development of a communication plan as part of implementation efforts. The
communication plan identifies goals and strategies for the project, primary and
secondary audiences, key messages, and tools and tactics.

Videos and CDs. These media can provide training in the most effective and
current methods on a variety of technical topics.

Web Sites. Mn/DOT Research Services (RSS) and the Local Road Research
Board (LRRB) web sites contain the latest information on transportation-related
research and implementation conducted by Mn/DOT and the LRRB. The web
sites have monthly feature stories on their home pages. The sites also feature
tools that assist in bringing the latest technology to practitioners.

Advanced Technology Transfer Tools. Please see the report (Mn/DOT 1998-
05) that outlines the latest in advanced technology transfer tools, including
electronic distribution, training through the internet, and other ideas.

Minnesota Local Technical Assistance Program (LTAP). The LTAP is
administered by the Center for Transportation Studies (CTS) at the University of
Minnesota. The LTAP program offers several technology transfer vehicles aimed
at local government engineering personnel. These include The LTAP Exchange,
a quarterly newsletter targeted to transportation practitioners, training workshops,
best practices manuals, conferences and library reference support.
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Mn/DOT Communications. The Mn/DOT Office of Communications publishes
several internal and external publications, as well as working with the media on
potential news and feature stories.

Library/Information Services. Mn/DOT librarians provide assistance with
information searches, including articles, research reports, and other publications.

Maplewood Research Laboratory. The research laboratory can assist in
physical testing and field testing. The lab also conducts training for some
implementation initiatives, writes technical papers and reports, and maintains a
web site.

Mn/DOT Specifications and Equipment Changes. Mn/DOT uses a process for
specification additions and changes, as well as equipment modifications.

Guidelines. Guidelines exist for video production, software development and
distribution, and report production.

Technical Demonstrations and Presentations. Demonstrations and
presentations are a way of communicating research results. RSS offers
assistance with facilitation of these activities, and also coordinates exhibits for
the LRRB that reach representatives from local governments.

Product Development. Private companies are a potential resource for new
product developments as a result of research. Government agencies may
support product development through economic development programs.

U of M Office of Patents and Technology Marketing (PTM). PTM's mission is
the proprietary transfer of U of M technology for commercial use in the public
good consistent with the University's mission. PTM seeks to identify and protect
“commercializable” University technology, including inventions and copyrightable
materials, and transfers these technologies to the private sector through licensing
or by participating in starting new companies.

Implementation Funding. Implementation projects receive funding from a
variety of sources, including the Statewide Transportation Improvement Program
(STIP), the LRRB’s Research Implementation Committee (RIC), the Maintenance
Operations Research (MOR) Fund, the Federal Highway Administration (FHWA),
and Mn/DOT district and office budgets.

Finding the Right Mix

Most implementation projects require a combination of implementation tools to
support their success, from publications to training to appropriate partnerships.
RSS provides assistance with selecting the right tools.
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Technical Presentations

TRIS/RIP Postings
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I0OWA DEPARTMENT OF TRANSPORTATION

ﬁ, lowa Department
e OF TraNsportation

BUREAU OF RESEARCH AND TECHNOLOGY 4+ SUMMER 2007

When are three lanes safer than four?

han da four- to thre s Jane soneersions on urkan
inoreasas dlter 15 oonmsersion
mﬂ m-ﬁ?ﬂlﬂd lowar ravioss: of
traithc acddents (ess table on page 3}, city officials working
with tha lowa Depanment of Trarsportation’s {lowa CE0T)
CHhize of Trafhe and Salfety dedded to find out.
Tha kovsn DOT sponmsoned two projects ot lowa Stabe

Uriversity o wludy safeby impacte on four- o thre
lane n:-rn'nﬂrf;url The fret shidy was mﬂu:ur-:lb-_.-tsu"';.

Canber for Trarsportation Ressarch and BEducation (STRE],
and tha ssoond was dona by 151U0's Depanment of Siatistios.
CTHE did m clesssic bafiore-and-after sudy using 10

of crash dada and compared it o annual onesh trernds
m‘hmmmﬁn uncorwartied rmadways. Tha
Department of Statistios ussd o Bayesinn badore-mnd-after
analysis with morthly cresh daba and sctimated wolumes for
ol wiles during & Z3-year period (1 082 throwgh 2004). Both
sludies slated with the same 15 corsersion and companson

(uncorisurted) sitca.

Ganamlly, four- to thresJans: comvensions ok re- L. M EOry BT i CRCons Ba CORMIEa B
marking a four-lane, undieided urban roadwsery imo three
kines—aong throughdane in sach dirsction with a andfor openaticnal mprosements for
continuous left-hurn lane in the center. Tfunmduh:lzl Ul'blﬂ‘hur-llﬂﬂ undrsided oomidors inchids constnucting a
at 15 cornidons in lowa whers this comvension was imple- reigsd madian or adding a ffth (center), two-wary, kftium

mienbed bobwsn 1903 ard 2003, The comversion sies’ traf-  lana. Both of thess atemalives involes widening the road-
fio wolumes ranged from 2 200 4o 12,700 whicks per doy; wag which i costlyand sometimes impractical. Comeerling
the majorty of thess siee were kooabed in smaler utbanized  four lancs 1o thres with a cemer, lef-lum lane mproe
LT traffic operations and sadety o effectively o }
improsemants at signiicantly ke cost; howsser, cach site

should b= evaluated by for sucoeeshul
Crorrdansion gum f_.rl:frlg'-:f
oanmeerting a fourlana, undisided rosdwery o l.'H1rl|n-I-l.nn

+111nnh.i-:1]i:.n:|yﬂmn-du.!1pnmnntr.inﬁm r:-jl-’lmluu.l:#cu_ From ani wamal
i bobel orash frequenoy and 20 pamant reduction wiawpont, acomversion is femmible whan bi dinectional, peak
i bobal orash rabe when compared o overall city hour wolumes o keas than 1,500 wehicks per hour [VPH),
ﬁ“ﬂu&pﬂnmﬁ'm&tm which typicaly translabes to about 15,000 shickss per day.
1ha fact both consaned and comparizan sies For wolumaes maore than 1,750 VPH, openatiors degrada,
shrowed reductions in crashes, the convarbed sites deloys increarss and conversion may ot be accepted by
reduction in croshes was greater—resuling ina 25 dhismm. Feasibility determination famons hess been pub-
p=roant reduction in crech dereity and 19 percent lished in tha CTRE report “Guidalines for the & omeersion of
rechiclion in crash rals. Four-Lang, Undisided 10 Thrae-Lana, Teo- Wiy,

+ ‘Whan compared 1o crashes cibpwids, major injury Liaft-Turm Lare Facilties,” available ot waw. dre.isstabe. aduf
creshiees at the comverted sies wers eduned by repons/dioSlancpd. B o thres-lane oomsereion e oonsid-
11 percent, minor infury crashes 20 peroent and ereed fasible, it should sl be cormidersd along with other
poseble injury crashess 5 percent. alematiees within o detaled anginearning shudy.

Lane comvareione, continved on page 2
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Lane sommamicn, contmued from page ana

Baoth study methods yielded similar rasults.

* Compared 1o orashes citpwide ot coraaned eites, ma-
jor inpury crashes wers reduced by 11 percent, minor
inpry creeshes A0 percent and possibbe injury onashes
o parcent.

* Crash frequenoy on the conshed sibes was reduced
by mbsourt 24 psaroeni—alfier aocowurting for the changs
in citywids omshaes.

* Fowmer p than 25 and oldar than &5 {two
groupe with traditionally highar crash risk) wens in-
wobead in crashes.

* Thane wera significantly fesver crashes related to kit

‘turre and sopping.

For imformation on four- to thresdane coreersion re-
saanch, oomact Fag Souleyrelte at 515-204-5453 or & mail
reag izshate. ach.

Editor’s nofar Informaban and i for thizs artole worg
prouvded by IS0 CTRE Pubboations Sroup. noluding:
“Four-Lane o Thres-Lans Conssnsions” tmnsfar sum-

LANE
L e
oL
TVPE
B STHEET SEGSMENTS CONVERTELF
B OOy STREETS RO 0N ERTHD

Bolors arad afTer oomp arisoo of injivy creen

+ Potertial lor a 25 percent reduction in aash
trequency par miks and @ 19 percent reduction in
crash rale

= 4 24 panent reduction in the numbsr of all injury
craghes and lower ssverity of the crashes that oocur

# Lo irwobeemnent of oge groups Inditionally o
nisk—dreers age 25 and under, ond &5 and older

maryj. Apol 200:6; and " Thres lanee really can b safer than + Significart reduction in the numbss ol crash typss
four® prbished n the May-.dine 2006 Bsue of Tachnalbgy redaked 1o It fume and sloppsd Inalfic

Nows, CTREs b nanzlaftar For mora information

wisif i Jrazaenrohidinnarodinna him.

Description of conversion sites

Primarily commerzial and indusirial

Mosily sirip commanzial with soma residential remnanis
Primarity agricutural and industrial

Hesidartial, strip commerial and downlioen

Dizewrbowm comimerdial

Indusinial with some residenial strest scooss at one end
Dicawrbown commerdal and sifics

Strip commaroial, residential and transition batween tham
Mimed-residential and commenzial

Aesidantial [few drives) and open space

Hesidantial with commancial and industrial
Single-residantial through dowmiown commanoial
Aesidantial, nocces to side sbrasts only

Aesidantial, aocces to side sbraets or alleys only

Siom Laks TiE=3 1007 1.4
Cilosir Laks 12 00 a8 1.5
Mason Ciby TAoa D172 1.78
Daociola s s] 4 550 2104
M anichesster 1,200 & 25T a5
lown Falle 10422 = [ 1.23
Roaok Rapids 4 532 2573 a5
Glenwood &,313 5,358 1.0
Dos Moines 13,7&7 108, 852 1@
Gouncd Blule 10,505 5a 283 B0
Bl Gross 2,28 1,1e@ 2
Sioum Center 223 &, 002 1.52
Indisrak 13 0 12 0 157
Lawion 0,223 =r B4
Sioux City 10,250 85,113 i
HADT = acnca ! wveenge Sy raths BADT and popolaic s datafon prar 2000
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Collaborat ith ISU-CTRE
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