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Lakes continued on page 6

Hilary Dugan has studied long-term changes in the chloride content of more than 400 lakes in North America and 
Europe. In a nutshell, she found that, as a result of winter road salt application, chloride content has increased in North 
American lakes. 

Training modules available 
for temporary traffic control

MnDOT State Aid 
has created a web 
page with train-
ing resources for 
the Minnesota 
Temporary Traffic 
Control Field Manual. 

The manual, 
which was updated 
into a January 2018 
edition, is the docu-
ment to use when 
controlling traffic 
(vehicles and pedes-
trians) for work of 
three days or less on 

any road open to the public in Minnesota. 
The “Field Manual” is a chapter of Part 6 of the 

Minnesota Manual on Uniform Traffic Control Devices 
(MN MUTCD). It is reprinted as a separate document 
for use in field operations. 

The web page pairs PowerPoint slides with nar-
ration to provide an easy-to-access, streamlined 
format. The page can help those unable to attend 
training in person, and it can also be used as a 
refresher.

A new version of the Minnesota Flagging 
Handbook is also available. n

 Read more: 
• Field Manual resource page: dot.state.mn.us/

stateaid/field-manual-resources.html 

Northern North American lakes are getting saltier

Best practices aim to help turfgrass thrive  

READ THE 

EXCHANGE 
online for links to publications and 

other resources.

$5.00

Minnesota
Temporary Traffic Control

Field Manual
January 2018

MN MUTCD Part 6K
mndot.gov/mnmutcd
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A University of Minnesota research team has iden-
tified best management practices for installing 
and establishing a type of salt-tolerant turfgrass. 
The study, funded by the Minnesota Local Road 
Research Board, specifically focused on watering 
practices, soil amendments, and planting date for 
both seed and sod.  

Harsh conditions such as heat, drought, and salt 

use can make it difficult for roadside turfgrass to 
thrive. In 2014, researchers in the Department of 
Horticultural Science identified a new salt-tolerant 
turfgrass mixture that could be used on Minnesota 
roadsides. But when the Minnesota Department 
of Transportation began using the mixture, called 
MNST-12, the agency experienced a series of instal-
lation failures.

“Newer improved seed or sod mixes like MNST-
12 may have differing requirements for successful 
establishment compared to other species or cul-
tivars that contractors and other turf profession-
als are more familiar with,” explains Professor Eric 
Watkins. 

Over the next several years, researchers studied 
how water should be applied to new MNST-12 
turfgrass installations, the use of soil amend-
ments at the time of establishment, and the effect 

Turfgrass continued on page 6
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Social media can be effective as a strategic and 
select part of public engagement plans, according 
to findings of a University of Minnesota study. 

The project investigated current knowledge 
about public engagement through social media 
nationwide and in Minnesota. It also developed 
guidance about how social media may be used to 
reach and engage diverse populations in the state 
about transportation planning and projects.

Co-principal investigators of the multiyear study 
were Professor Ingrid Schneider of the Department 
of Forest Resources and Associate Professor Kathryn 
Quick of the Humphrey School of Public Affairs. 

“Public engagement for transportation plan-
ning and programs is not only required, it’s a crucial 
component in policy and project success,” Schneider 
says. “Since 2000, advances in technology and com-
munications provide opportunities to engage with 
more people in new ways.” 

For their analysis, the team used multiple meth-
ods: a literature review, telephone interviews, and 
four case studies. 

“The literature review indicated social media 
needs to be part of a multipronged engagement 
plan,” Schneider says. “While 90 percent of U.S. adults 
are online and 69 percent use social media, a social 
media-only plan may not reach people over the age 
of 65 or with a high school education only. Platform 
use also varies considerably: African Americans and 
Latinos, for example, use video-sharing more than 
other groups.”

Phone interviews of more than 800 Minnesotans 
found that 72 percent use social media, and 11 to 
21 percent participated in some way for planning 

transportation programs, policies, and projects in 
the previous year. In addition, 36 percent expressed 
interest in using social media to get information, 
provide feedback, or make suggestions related to 
transportation programs, policy, and planning. 

The case studies compared transportation proj-
ects in Minnesota: two with significant social media 
use (Richfield, Red Wing), and two with low use 
(Saint Paul, Detroit Lakes). Findings revealed that 
the two projects with higher levels of social media 
had more connections with stakeholders. The qual-
ity and effectiveness of those connections, however, 
varied. “Government social media primarily informed 
audiences, while community-created pages fostered 
deeper engagement and dialogue,” Quick says. “In 
addition, the quality of social media, and their com-
bination with other outreach technologies, influ-
enced stakeholders’ perceptions of the engagement 
efforts.”

The project was funded by the Minnesota 
Department of Transportation (MnDOT) and the 
Minnesota Local Road Research Board (LRRB). 

“MnDOT and LRRB are committed to listening to 
and learning from the public,” says Renee Raduenz, 
MnDOT market research manager. “Social media 
provides a unique, efficient, and potentially inclusive 
tool in those efforts. This research brings us one step 
closer to understanding how we can maximize the 
power of social media to its fullest.”

Taken as a whole, the findings suggest at least 
four main opportunities to strengthen meaningful 
social media engagement: 
• Social media cannot stand alone or be used as a 

substitute for more traditional and collaborative 
public engagement methods. Additionally, it is 
most effective when it is shared and dynamic: Pay 
attention and contribute to community-created 
social media pages, and provide a regular diet of 
new information and updates for people to stay 
engaged. 

• Consider the demographic qualities of the key 
stakeholders to determine how social media can 
be most useful. 

• Employ best practices for social media man-
agement, such as using hashtags to organize 
data, posting dynamic content (project videos, 
live streams), and clearly stating social media 
guidelines. 

• Expand and/or develop research and evalua-
tion plans to understand and assess future social 
media engagement efforts. n

 Read more:
• Effective Social Media Engagement Options 

for Minnesota’s Diversifying Population (LRRB/
MnDOT, 2018-08)

• Addressing Citizen Requests for Traffic Safety 
Concerns (LRRB 2017RIC05)

• Stakeholder Attitudes, Knowledge and 
Engagement in Local Road Systems Planning and 
Decision Making (LRRB/MnDOT, 2017-39)
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COMMUNICATIONS

Since when is 'friend' a verb?
Facebook's rise made the use of "friend" as a verb much more common. But according to an Atlantic post from July 25, 2013, people have 
been "friending" each other for hundreds of years. For example, in Henry V—In 1599—Shakespeare wrote: "Disorder, that hath spoil'd us, 
friend us now!" Other uses extend back centuries further. 

Of course, friend is more often used as a noun—a word that refers to a person, place, or thing. A verb is a word or phrase that describes 
an action—perhaps to make a friend, or befriend someone. But in Facebook, to "friend" is to add someone to a list of contacts. You could 
friend your English teacher, for example. 

Who knows what comes next? This year's marketing campaign for the Minnesota Twins includes this line: "This is how we baseball." n

1

Social media can be effective part of public engagement plans

Percent overall platform use and daily or every other day platform use among Minnesota State Survey 2016 social 
media users 

Nationwide, 

90% 
of adults are online and 

69% 
use social media.

36% 
of Minnesotans expressed inter-
est in using social media to get 

information and provide feedback 
about transportation issues.
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The Local Road Research Board is a major sup-
porter of Minnesota LTAP LRRB SPOTLIGHT
Base stabilizer guidebook helps agencies select additives
A new guidebook from the Minnesota Local Road 
Research Board (LRRB) will help city and county 
engineers select the most promising stabilizing addi-
tives for individual road reclamation projects. The 
guide describes base stabilization, its benefits and 
best uses, and the best stabilizers for rehabilitating 
local roads. 

Base stabilization entails mixing a stabilizing 
additive into an acceptable base aggregate material, 
imported with or without recycled material or from 
reclaimed hot-mix asphalt, creating a new bound 
pavement layer. More than 200 base-modifying 
products may be used for stabilization in Minnesota.

“In the past, rehabilitating pavement meant 
removing the asphalt or overlaying it, which was not 
cost-effective,” says Guy Kohlnhofer, county engineer 

in Dodge County. “Pavements with a strong base 
created through base stabilization might not need 
overlaying again for 25 years.”

The guidebook describes stabilized bases along 
with their components and benefits. It also discusses 
the difference between a modifier and a stabilizer, 
a process for selecting a suitable stabilizer, and 
detailed conditions that best suit certain stabiliz-
ers. A pathway in which producers of modifiers may 
demonstrate the viability of their product as a recog-
nized base-stabilizing agent is also included. 

“Base stabilization is the future of asphalt road 
rehabilitation,” adds Ben Worel, MnROAD opera-
tions engineer, MnDOT Office of Materials and Road 
Research. “This guidebook brought common lan-
guage to the topic of base stabilization and provided 

a common approach to its use. It will be helpful for 
road owners who are not experts but want more 
information on base stabilization and what it can do 
for their roadways.” n

 Read more: 
• Base Stabilization Guidance and Additive Selection 

for Pavement Design and Rehabilitation (LRRB 
2017RIC02, Dec. 2017)

Evaluating pickle brine for ice control
Like many snow- and ice-control professionals, 
Carver County Public Works maintenance opera-
tions staff are searching for new options to reduce 
the amount of chloride that reaches our waters from 
road salt operations. Using food production byprod-
ucts such as pickle brine are among the alternatives 
maintenance staff have been exploring.

Carver County regularly uses salt brine as part 
of its winter maintenance operations, which has 
become a widely accepted practice for control-
ling snow and ice. In the right situation, salt brine 
can be a more effective alternative to traditional 
road salt. An opportunity to obtain a free supply of 
sodium-rich pickle juice from a nearby canning facil-
ity seemed like a natural candidate worthy of con-
sideration as a source of brine for county anti-icing 
and deicing operations. In addition, recycling the 

pickle brine could reduce the amount of the waste 
byproduct.

The Carver County Public Works Department 
began testing samples of the pickle juice in 2016 
with some encouraging results. But further testing 
showed the brine from the pickle cannery had vari-
able salinity and pH levels that could damage main-
tenance equipment. Given the variables involved, 
staff determined it would be difficult to manually 
control the manufacture of the brine into a usable 
liquid. VariTech Industries recommended purchase 
of the Brine Boss®, an automated brine-blending 
system to manufacture the 23.3 percent brine solu-
tion needed for effective ice control operations. In 
addition, staff found adding potassium hydroxide to 
pickle brine neutralizes the pH level.

Carver County staff received a grant through the 

LRRB's Local Operational Research Assistance 
(OPERA) Program to help purchase the brine-making 
system and support further research into the viabil-
ity of using pickle brine in winter maintenance oper-
ations. Staff also restored an old VariTech 600 brine 
maker obtained from MnDOT for the project.

After extensive testing and analysis, VariTech 
engineers and Carver County staff concluded that 
pickle brine acquired from the cannery had to be 
exactly the same (salinity, vinegar content, and sugar 
content) for each and every batch or the system sen-
sors would fail. But it turned out that the pickle brine 
supplier could not provide chemically consistent 
batches, and the VariTech system was unable to pro-
duce a consistent blend of 23.3 percent brine solu-
tion using pickle brine. As a result, Carver County 
staff determined they were unable to continue using 
pickle brine for snow and ice control.

Nevertheless, this project benefits other agencies 
considering the use of food production byproducts. 
The Carver County project demonstrates that there 
can be an alternative anti-icing product. As technol-
ogy continues to advance, Carver County may revisit 
the use of pickle brine as a viable snow- and ice-
control option.

OPERA, which encourages maintenance employ-
ees from all cities and counties to get involved in 
operational, “hands-on” research, helps to develop 
innovations in the construction and maintenance 
operations of local government transportation orga-
nizations and share those ideas statewide.

More information about the Local OPERA 
Program is at mnltap.umn.edu/opera. n

—Michael McCarthy, LTAP editor

Cement stabilization in McLeod County

Bituminous stabilization in Cottonwood County

Base stabilization categories and stabilization additives
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Real performance characteristics of deicing salts
Scott Koefod, principal scientist for the Cargill 
Salt Group, spoke at the 18th Annual Road Salt 
Symposium on how to optimize the use of deicing 
salts. He presented results of improved methods 
he has developed for measuring and predicting 
the performance of deicers. He acknowledged the 
importance of practical field experience, but added 
that knowledge of the actual performance proper-
ties of deicing salts can only help users to choose 
the right products and the right mixtures.

Koefod presented Figure 1, which shows the ice-
melting effectiveness of the three most commonly 
used liquid deicers per dollar of dry deicer over the 
range -60° to 32° F:

 
Figure 1: Ice-melting capacity of three deicers expressed 
as lbs. of ice melted per dollar of dry deicer over the 
range -60° to 32° F.

“In this graph,” Koefod said, “we can see why rock 
salt [NaCl] is the most common deicer: It’s far and 
away the most cost-effective. If we’re at tempera-
tures not too far below freezing, we can get over 
3,000 pounds of ice melted for every dollar of salt 
put on the road. But we also see why the practical 
working temperature of salt is said to be above 20° 
F. Below 20, effectiveness drops off. And in the real 
world, we often want to deice below 20° F.”

Next, Koefod showed the graph in Figure 2. It 
compares melting capability, not per dollar, but per 
pound of dry deicer weight:

 
Figure 2: Ice-melting capacity of three deicers expressed 
as lbs. of ice melted per pound of dry deicer over the 
range -60° to 32° F.

“This shows something I’m not sure people real-
ize: The three deicers have almost the same ice 
melting power per pound,” Koefod said. “The better 
performance of MgCl2 and CaCl2 at cold tempera-
tures is due to differences in ice-melting rate rather 
than capacity. So, no matter what deicer we use, 
there’s a limit to how much ice can be melted at cold 
temperatures—and it drops off substantially below 
20° F.” But he added that there are ways to maximize 
the ice-melting performance and rate of deicers. 
“The best way to do that,” he said, “is with liquids.”

He then showed that, within the first hour after 
being put down at -4° F, dry NaCl will melt almost 
no ice, but MgCl2 hydrate will melt about a pound of 
ice and CaCl2 hydrate will melt almost two pounds of 
ice. “But if we wait three hours,” said Koefod, “we get 
a little more ice melting from salt—and if we wait 
48 hours, NaCl will melt as much as either MgCl2 

or CaCl2. So now we see that, even though salt has 
about as much ice-melting power as either MgCl2 or 
CaCl2, salt is not very effective at low temperatures 
because it melts ice too slowly. The problem is that 
we simply can’t wait 48 hours for salt to do its work.”

Koefod emphasized that, though we can’t 
improve the inherent ice-melting capacity of salt, 
we can increase how fast it melts ice at low tem-
peratures by wetting the salt with liquid deicers. He 
showed that, when a blend of rock salt and liquid 
deicer is put on icy pavement at -3° F, over the first 
10 minutes the ice melting from the liquid domi-
nates: “In those first ten minutes, the liquid releases 
about 80% of its ice-melting capacity, whereas the 
rock salt only releases about 10% of its ice-melting 
capacity. But then you have rock salt crystals sitting 
in the diluted brine—and the salt begins to dissolve 
so that it replenishes the brine’s deicer supply, allow-
ing the brine to melt more ice. So eventually the salt 
does its work and we get the full benefit of its ice-
melting capacity.”

Koefod concluded that “the more concentrated 
the brine, the faster it will melt the ice, and the 
slower it will dissolve the salt. Conversely, the more 
diluted the brine, the slower it will melt the ice, and 
the faster it will dissolve the salt. And over time, 
these processes will reach equilibrium.”

Koefod then showed that the choice of liquid 
makes a difference (Figure 3):

 

Figure 3: Choice of pre-wetting brine makes a 
difference.

Figure 3 shows that, at -3° F, the ice-melting 
speed of rock salt wetted with plain salt brine (the 
short red line) is much slower than rock salt wetted 
with CaCl2. But Koefod qualified: “These measure-
ments were made in best-case conditions—con-
tinual mixing of salt, liquid, and ice as well as a high 
ratio of liquid to rock salt.” 

He went on to discuss in more detail how the 
liquid-to-salt ratio and the mixing action of traffic 
can affect deicer performance. Because MgCl2 and 
CaCl2 liquids are more expensive than salt brine and 
because they can make a driving surface slippery 
under some conditions, agencies often prefer to 
use blends—10 to 30% MgCl2 or CaCl2 brine mixed 
with lower-cost salt brine. And those blends will still 
produce a substantial increase in salt’s ice-melting 
speed, even at such cold temperatures.

Koefod said the mixing done in his tests may sim-
ulate mixing caused by traffic action (although he 
notes that traffic can also knock salt off the road, and 
the balance between these two effects needs more 
study). He showed that, when there is vigorous mix-
ing, rock salt wetted with plain salt brine melts ice 
up to 30 times faster than if the deicers are static—
and that rock salt wetted with calcium chloride brine 
melts ice up to 10 times faster than if the deicers 
are static. In other words, rock salt wetted with NaCl 
brines is more dependent on a mixing mechanism 
(perhaps from traffic) for maximum effectiveness, 
and the value of brines that include some MgCl2 or 
CaCl2 may be more apparent where there is less mix-
ing action from traffic. But he added: “The best of all 
possible worlds is having both. If I have both high 
mixing action and a MgCl2-based or CaCl2-based 
pre-wetting agent, that yields the fastest ice melting 

and the most effective and efficient use of rock salt 
at these very cold temperatures.”

Koefod then addressed the next obvious ques-
tion: What is the optimum amount of pre-wetting 
agent to use? To answer that question, he presented 
the graph in Figure 4, which shows the ice-melting 
rate of salt pre-wetted with MgCl2 brine over a range 
from 32 gallons per ton to 387 gallons per ton—and 
with very little mixing.

Figure 4: How much pre-wetting is enough?

“This simulates having very little traffic in a field 
situation,” Koefod said. “Note that at the three high-
est liquid levels, there’s no significant difference in 
the effectiveness of the rock salt. This means there 
is an optimum, critical ratio of liquid to salt above 
which there is no further benefit. So what is that 
ratio? Well, it will depend on the amount of mixing 
action. With very little mixing, there is no substantial 
drop in effectiveness until we get to 32 gallons/ton. 
Under these conditions, the optimum level is some-
where between 32 and 65 gallons/ton. That puts it in 
the range of so-called slurry deicing.

“Also interesting is that 32 gallons per ton—the 
first level where there’s a drop in the rock salt’s effec-
tiveness—also happens to be the liquid level where 
there’s not enough liquid to completely coat the ice. 
In the absence of mixing, we need as many points of 
contact as possible between the liquid, rock salt, and 
ice. When you put that mixture of rock salt and brine 
down on the ice, most of the ice-melting action is 
driven by the liquid because the liquid contacts 
more of the ice. But when the rock salt dissolves in 
the brine, the rock salt becomes a reservoir of deicer 
that 'pumps' into the brine and allows the brine to 
continue its fast ice-melting action.” n

—Richard L. Kronick, LTAP freelancer

Water-softener brine recycled for 
sidewalks

Steve Brown Apartments in Madison, 
Wisconsin, uses recycled bitter softener brine 
for winter sidewalk maintenance. The spent 
softener brine would otherwise go directly 
down the drain and pol-
lute the river where it 
is discharged. Before 
reusing the water soft-
ener brine, the property 
management business 
ordered 2,000 to 2,500 
lbs. of salt per year. Today, 
it only needs 500 lbs. to 
add into its reclaimed 
brine to bring it to the 
right concentration. The 
project champion, Mike 
Gesch, earned an environ-
mental leadership award 
at the 18th Annual Road 
Salt Symposium for his 
ingenuity. n
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Stephen Druschel of Minnesota State University, Mankato, loves his students. In his 
presentation at the 18th Annual Road Salt Symposium, he said “They throw themselves 
at this work! They get $15/hour and $500 worth of gear, and they think they’ve died 
and gone to heaven!” 

The students received this pay and got to work with the high-tech gear—motion-
activated cameras—as they helped Druschel investigate the effectiveness and effi-
ciency of snowplow blades and pavement deicers. “Effectiveness is keeping cars on the 
roadway,” said Druschel, ”and efficiency is about lowest cost, lowest labor—as well as 
environmental efficiency.”

“Every plow driver is a scientist,” said Druschel, a civil engineering professor. “They 
observe, hypothesize, test, and evaluate. It’s the scientific method— all done in the cab 
of a truck.” But Druschel wanted to go beyond behind-the-wheel science to perform 
controlled tests of the effectiveness and efficiency of various equipment, materials, and 
techniques.

Comparing cloud formation at different speeds
Druschel and his cadre of assistants did their research on lanes laid out in the large 

parking lots of Canterbury Downs and ValleyFair! in Shakopee, Minnesota, during the 
winters of 2013–14, 2015–16, and 2016–17. “On a typical day,” he said, “we deployed 40 
cameras and took 10,000 time-lapse photos.” For example, Druschel compared cloud 
configurations coming from a plow at three different speeds (Figure 1).

“The clouding effect on the driver’s side is the one that really counts,” Druschel 
said. “That’s where the guy who can’t stand that you’re going so slow will try to pass 
the truck. If they go through a big cloud, they will have zero visibility for a moment—
and if they cut in too soon, they’re going to hook the plow and it will be a very bad 
day for everybody. We found that small adjustments of the plow speed make a huge 
difference.”

Comparing cloud formation from different plow types
With help from Carver County Public Works, Druschel compared nine different 

plows on separate lanes for several factors. “This is geek heaven in the world of plows,” 
Druschel said. “We tried one-ways, dozer plows, poly plows, and different cutting 
edges.” For example, he showed that a one-way steel blade (Figure 2) produced a 
smaller cloud than a one-way poly blade (Figure 3). 

“The poly plows don’t focus quite the same as a dedicated one-way,” Druschel said. 
“But they’re flexible and if you go through an intersection or a roundabout, you need a 
poly plow.”

Druschel also tested dozer plow blades (Figure 4). “The dozer plows give you a lot 
of flexibility,” Druschel said, “but the cast is not as tight. It entrains a lot of air and the 
cloud behind it is pretty miserable. The choice of equipment has a real impact.”
 
The effect of traffic on pavement deicing

Druschel and his assistants also tested the effect of traffic on the speed of pavement 
deicing. MnDOT plow drivers had reported that traffic, particularly truck traffic, could 
substantially improve roadway deicing. Their hypothesis was that the pressure of the 
vehicle creates closer physical contact between the salt grains and the snow and ice, 
particularly with lightly packed snow. Plow drivers also thought truck traffic might cre-
ate better deicing than cars because truck tires are usually inflated to 90 psi, compared 
with 35 psi, which is typical for cars.

In Druschel’s test after a snowfall and at an air temperature of 28° F, two lanes were 
plowed and then treated with 600 pounds of rock salt per lane mile pre-wetted with 15 
gallons per ton of 10% RG8 (90% salt brine). One lane received 10 passes by a car, and 
the other received 10 passes by a plow truck. Figure 5 shows some of the results.

The MnDOT plow drivers’ hunches were borne out: Traffic does help to acceler-
ate deicing—and truck traffic has a better effect than car traffic. The same test was 
conducted on a day when the air temperature was 22° F with similar but somewhat 
reduced effect. Druschel concluded that temperature makes a difference and that traf-
fic definitely accelerates deicing. “Cars help, but trucks are better,” he concluded. (For 
more on how traffic increases the efficiency of deicers, see the article on page 4.)

The above are just a few of the many tests conducted by Druschel and his student 
crews. Comprehensive technical reports are available from MnDOT. n

—Richard L. Kronick, LTAP freelancer

 Read more: 
• Salt Brine Blending to Optimize Deicing and Anti-Icing Performance and Cost 

Effectiveness: Phase III (MnDOT 2017-45, Nov. 2017)

Field-testing multiple factors that affect plowing and deicing

Figure 1: Clouds at different speeds

Figure 3: Cloud produced by a one-way poly blade

Figure 2: Cloud produced by a one-way steel blade

Figure 4: Cloud produced by a dozer plow

Figure 5: Left—after five car passes. Right—after three 
truck passes (600 lbs./lane mile, 28°F, mid-day full sun, 
January 5, 60 minutes after traffic)
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of the seeding or sodding date on the success 
of a new planting. Based on their findings, they 
recommended a number of changes to MnDOT 
specifications.

"The knowledge and improved specifications 
we gained through this research will allow us to 
make our contractors more successful, which makes 
MnDOT successful,” says Dwayne Stenlund, MnDOT 
erosion control specialist. 

Because local agencies often rely on these 
MnDOT specifications as a guide for their projects, 
they will also benefit from the improved practices. n

 Read more:
• Best Management Practices for Establishment of 

Salt-Tolerant Grasses on Roadsides (LRRB/MnDOT 
2017-31, July 2017)

Turfgrass from page 1

Lakes from page 1

Dugan, assistant professor of limnology (the 
study of inland waters) at the Center for Limnology 
at the University of Wisconsin in Madison, spoke at 
the 17th annual Road Salt Symposium. 

While Minnesota license plates advertise “10,000 
Lakes,” Dugan pointed out that, if smaller bodies of 
water are included, the state actually contains about 
100,000 lakes—“so that’s a lot of surface area of 
water here in Minnesota.”

Dugan showed the following standards for chlo-
ride content in lakes:
 

Chronic Mg/L Acute Mg/L
US EPA 230 860

Wisconsin 395 757

Canada 120

The 230 mg/L standard is very little salt: equiva-
lent to one teaspoon of salt in 5 gallons of water. 
“The more salt we put in our water, the more 
stressed our ecosystem is going to be,” she said. 
“And while salinization of lakes comes from multiple 
sources, including water softeners and some fertil-
izers, far and away, road salt is the leading cause of 
chloride in these lakes.”

In addition to studying chloride content in North 
American and Swedish lakes, Dugan looked for cor-
relations between each lake’s chloride content and 
its surroundings: Was the lake near roads? What was 
the ground cover: forest? agriculture? And how big 
was the lake?

The results are troubling. Dugan found that chlo-
ride levels are increasing in many lakes studied in 
10 U.S. states plus Ontario—both urban and rural. 
And when the amount of impervious surface (mostly 
due to paving) near lakes was correlated with the 
chloride levels in those lakes, “almost every lake with 
increasing chloride had high levels of impervious 
surfaces—and lakes with decreasing chloride had no 
impervious surfaces nearby.”

But in Sweden, Dugan found that in all but two of 
the 114 lakes studied—even those close to roads— 
chloride levels have remained low, around 5 to 7 
mg/L, since the 1980s. “Sweden has lots of roads 
and lots of snow—but no chloride problems in their 
lakes. What chloride content was in their lakes cor-
related with climate. In drought years, there was 
slightly higher chloride from evaporation. In years 
with lots of rain, chloride went down; the lakes got 
flushed out. That’s what we should see naturally. But 

we don’t see that in North America because the pre-
cipitation signal is drowned out by the road salt sig-
nal. The result of the study was that 1% impervious 
surface [near a North American lake] was enough to 
cause these problems because we put down road 
salt everywhere.” Of 38,000 lakes in the 10 U.S. states, 
she estimates 11,000 are at risk.

Next, Dugan addressed biological impact: “The 
question I always get is: Are the fish going to die? 
No! There will always be fish, but they may be dif-
ferent fish. They may be species that adapt much 
better to saline conditions. What we should be wor-
ried about is our native species that are adapted to 
fresh water—from plankton to mussels to fish. They 
will have a harder time the more salt you put in the 
water. What’s really good at living in salt water are 
the invasive species like zebra mussels.”

When an audience member asked whether the 
lack of salt use on roads in Sweden correlates with 
less safe roads, Dugan said, “I think it comes down to 
how they manage their roads. There’s almost no salt 
use in general. They plow their roads, and they use 
a lot of sand. They drive more slowly. And liability 
is a very different topic in Scandinavia. They don’t 
think about the risk of being sued if someone slips. 
That’s just part of winter there. It was probably like 
that here 50 years ago, but now we’ve moved into 
this more litigious mindset. That’s why we’re using 
so much salt—especially in commercial applications. 
Passing laws that limit liability would go a long way 
to making it possible to use less salt.” n
—Richard L. Kronick, LTAP freelancer 

A new MnDOT report evaluates the performance 
of pervious concrete pavements in the City of 
Shoreview’s Woodbridge Neighborhood. Built in 
2009, the pavements were intended to reduce runoff 
flowing to nearby Lake Owasso. Stormwater runoff 
had previously been managed through culverts and 
other hydraulic structures. 

The pervious concrete was designed for an antici-
pated 23% porosity and zero-slump. The design 
included a 7-inch pervious concrete pavement built 
over 18 inches of pervious base. 

MnDOT researchers monitored and evaluated 
the seven-year performance of these pervious con-
crete pavements. Based on the evaluation and tests 
carried out, they concluded that pervious concrete 
pavements successfully provide an alternative to cul-
verts in the neighborhood. The pervious pavements 
infiltrated stormwater into the ground below the 
pavement while enhancing sound absorption. 

They noted, however, that sound absorption, 
hydraulic conductivity, and ride quality of the pave-
ments decreased over time. Hydraulic conductivity 
decreased due to clogging of the voids of the pave-
ments. The researchers recommend that vacuuming 

be done at least four times a year to mitigate 
reversible clogging and its secondary problems. 
This will also decelerate the effect of freeze-thaw 
cycles.

A life-cycle cost analysis showed the pervious 
concrete alternative to be more cost beneficial than 
the non-pervious alternative. This was based on the 
seven-year performance history and a standard rate 
of maintenance, as well as a projected grinding in 
the 10th to 12th year of performance. n

 Read more: 
• Seven Year Performance of City of Shoreview's 

Pervious Concrete Project (MnDOT 2017-47, Dec. 
2017)

Shoreview's pervious concrete pavements lessen impact of 
stormwater runoff

Researchers recommend 
VACUUMING 

POROUS PAVEMENTS
at least

4 TIMES
per year.

Invasive species such as zebra mussels thrive in salt 
water.

LTAP offers turfgrass online 
course
Minnesota LTAP offers an online Turfgrass 
Pathology Course. The course, worth one 
Roads Scholar credit, equips turfgrass 
managers with the expertise necessary 
for controlling diseases in a challenging 
environment. 

7-Inch Pervious Concrete

18 Inches Railroad Ballast

Sand Subgrade

GrassGrass

Curb Curb

Clogged pores
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Work Zone Intrusion Report Interface 
Design (LRRB, MnDOT, Feb. 2018)

Aims to design an efficient, comprehen-
sive, and user-friendly reporting system for 
intrusions in work zones. 

Evaluation of Automated Flagger Assis-
tance Devices (Missouri DOT, Feb. 2018)

Evaluates automated flagger assistance 
devices through both a driving simulator and 
a field study. 

Evaluation of Work Zone Split Traffic Sym-
bol Sign (Missouri DOT, Feb. 2018)

Evaluates the use of alternative signage for 
closure of a middle lane in a freeway work 
zone. 

Understanding the Impacts of Work Zone 
Activities on Traffic Flow Characteristics 
(Iowa DOT, FHWA, Jan. 2018)

Explores the effects of work-zone activity 
on traffic conditions in that work zone. 

Using Mobile Device Samples to Estimate 
Traffic Volumes (MnDOT, Dec. 2017)

Evaluates a beta version of a traffic volume 
estimation program that is derived from GPS-
based mobile devices. 

Guide for Improving Pedestrian Safety at 
Uncontrolled Crossing Locations (FHWA, 
2017)

Provides guidance for installing counter-
measures at uncontrolled pedestrian cross-
ing locations. 

Evaluating Bicycle, Pedestrian, Transit 
and Economic Data Collection Needs and 

Measures of Effectiveness in Pennsylvania 
(Pennsylvania DOT, FHWA, Feb. 2018)

Evaluates the current data collection pro-
cedures for bicycle and pedestrian projects 
used by PennDOT, Pennsylvania's metropoli-
tan planning organizations, and rural plan-
ning organizations. 

Safety in Numbers: Pedestrian and Bicy-
clist Activity and Safety in Minneapolis 
(Roadway Safety Institute, March 2018)

Evaluates whether the "safety in numbers" 
effect is observable in Minneapolis. 

Directional Rumble Strips for Reducing 
Wrong-Way-Driving Freeway Entries (Road-
way Safety Institute, Feb. 2018)

Presents the evaluation results of five 
types of directional rumble strips based on 
field testing. 

Evaluating Relationships Between 
Perception-Reaction Times, Emergency 
Deceleration Rates, and Crash Outcomes 
Using Naturalistic Driving Data (Mountain-
Plains Consortium, Dec. 2017)

Evaluates perception-reaction times 
and deceleration rates between crash and 
near-crash events using naturalistic driving 
data from the Strategic Highway Research 
Program 2. 

Designing Safety Regulations for High-
Hazard Industries (TRB, 2018)

Examines key factors relevant to gov-
ernment safety regulators when choosing 
among regulatory design types, particularly 
for preventing low-frequency, high-conse-
quence events. 

Carbon Fiber Reinforced Polymer Grids 
for Shear and End Zone Reinforcement in 
Bridge Beams (Virginia DOT, FHWA, Jan. 2018)

Determines the mechanical properties of 
certain bridge grids, specifically focusing on 
grid options for transverse reinforcing and 
whether or not these grids could be used to 
control cracking in the end zones of preten-
sioned I-beams.

Fatigue Performance of High-Frequency 
Welded Steel I-Beams (FHWA, Jan. 2018)

Evaluates the fatigue performance of high-
frequency welded steel I-beams in bridge 
design. 

Use of Ultra-High-Performance Concrete 
for Bridge Deck Overlays (Iowa DOT, March 
2018)

Discusses the implementation of a new 
ultra-high-performance concrete mix to 
accommodate surface crowning on bridge 
decks. 

Cost-Effective Uses of Lightweight Ag-
gregate Made from Dredged Material in 
Construction (Ohio DOT, FHWA, Jan. 2018)

Evaluates the quality of dredged materi-
als taken from the harbors of Cleveland and 
Toledo and their suitability to produce light-
weight aggregate.

Effect of Wind Induced Unsteady Vortex 
Shedding, Diurnal Temperature Changes, 
and Transit Conditions on Truss Structures 
Supporting Large Highway Signs (Iowa 
DOT, March 2018)

Estimates the unsteady wind loads act-
ing on dynamic message signs and on the 

members of the truss structures supporting 
these signs. 

Sustainable Mitigation of Stormwater 
Runoff through Fully Permeable Pavement 
(National Center for Sustainable Transporta-
tion, March 2018)

Presents the implementation of a new 
design method developed using mechanis-
tic-empirical design. n

Search me
The Minnesota LTAP website features 
custom search engines to help you 
find information. You can search:

• LTAP & TTAP Centers
• State DOTs
• Transit agencies
• University transportation centers

Bookmark mnltap.umn.edu 
/publications/library.

Other great resources are:
• LRRB’s site: lrrb.org
• MnDOT Library’s catalog:  

dot.state.mn.us/library n

Minnesota LTAP partners with the MnDOT Library to operate a state-of-the-art service that can help you track down almost any resource from Minnesota or beyond. 
Questions? Contact Marilee Tuite, Minnesota LTAP librarian, 612-626-8753, ctslib@umn.edu.

Answer to news quiz on page 8:
They are both real news stories.

High friction surface treatments: synthesis
MnDOT and local transportation agencies in 
Minnesota are evaluating the use of high friction 
surface treatments (HFST) as a safety strategy on 
roadways. To gather information for this evaluation, 
selected state DOTs were surveyed. A Transportation 
Research Synthesis presents the findings. 

HFST is used as a spot pavement surfacing treat-
ment in locations with high friction demand (for 
example, crash-prone areas such as curves). Using 
a polish-resistant aggregate that is bonded to the 
pavement surface using an epoxy or polymer resin 
binder, HFST is expected to significantly enhance 
skid resistance and reduce crashes. 

The synthesis presents findings from the survey, 
including information about the number and loca-
tion of installations, the materials used in surface 
treatments, the durability of HFST, and its impact on 
safety. Results of a limited literature search supple-
ment survey findings. 

HFST is also one of the innovations promoted 
by the Federal Highway Administration’s Every Day 
Counts program. n

Arrest the pest! 
The Minnesota Department of Agriculture has 
guidelines and an app to help Minnesotans identify 
and report harmful pests. Follow these three steps:

• Take pictures and notes. 
• Capture the insect, if possible, or take a sample 

of the plant. 
• Report: call, email, or use the app.

Learn more at mda.state.mn.us/arrestthepest. n

Apps remind you to stay 
hydrated
Need a reminder to stay hydrated 
this summer? There's an app for 
that...in fact, many of them, for 
various devices. Some remind you 
throughout the day and track how 
much you drink. Others let you link 
to friends and compare stats, or sync 
to other health apps or websites. 
Check the web and app stores for 
reviews and details. n

Every Day Counts is 
the FHWA’s initiative to 
advance a culture of inno-

vation in the transportation community in part-
nership with public and private stakeholders.  
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High Friction Surface Treatments 
 
Prepared by CTC & Associates LLC 
 
The Federal Highway Administration’s Every Day 
Counts initiative promotes innovations and 
technologies that enhance road safety. Among the 
innovations supported through this effort is the 
implementation of high friction surface treatment 
(HFST), a spot pavement surfacing treatment 
applied in locations with high friction demand, 
such as curves and other crash-prone areas. This 
technology is expected to significantly enhance 
skid resistance and reduce crashes. 
 
MnDOT and local transportation agencies in 
Minnesota are evaluating the use of HFST as a 
safety strategy on roadways. To gather information 
for this evaluation, selected state departments of 
transportation were surveyed about their practices 
and experience with HFST applications, including materials specifications, locations that benefit most from HFST, 
the pavement treatment’s durability and the resulting impact on safety. This Transportation Research Synthesis 
presents the findings of that survey along with the results of a limited literature search. Publications provided by 
survey respondents that are not publicly available are included in a separate TRS supplement, TRS 1802S, available 
at http://mndot.gov/research/TRS/2018/TRS1802S.pdf. 
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WORKSHOPS & TRAINING

CALENDAR
For details and an up-to-date list of events, please see mnltap.umn.edu.

Truck-Weight Education Training  
(1 RS credit) LTAP
Locations throughout the state in 2018 

Fall Maintenance Expo
(1 RS credit) LTAP
Oct. 3–4, St. Cloud

Statewide Toward Zero Deaths 
Conference 
Oct. 23–24, St. Cloud

CTS Transportation Research Conference
Nov. 1, Minneapolis

APWA-MN Fall Conference and 
Workshop
Nov. 14–16, Brooklyn Center

ONLINE TRAINING: 
Anytime, anywhere!

Culvert Design and Maintenance   
(1 RS credit) LTAP

Sign Maintenance and 
Management for Local Agencies       
(1 RS credit) LTAP

Gravel Road Maintenance and 
Design       
(1 RS credit) LTAP 

Work-Zone Safety Tutorial  
(0.5 RS credit) LTAP

Turfgrass Pathology Course  
(0.5 RS credit) LTAP

Roads Scholar credit
You can earn credits in Minnesota LTAP’s Roads Scholar (RS) pro-
gram by attending LTAP and CTAP workshops and other cospon-
sored events. To learn more or enroll in the program, visit  
mnltap.umn.edu/roadsscholar. 

LTAP workshops
LTAP workshops, along with events cosponsored by Minnesota 
LTAP, are marked with an LTAP at left. Check the web for details 
and to register online: mnltap.umn.edu. To be added to our print 
or electronic mailing lists, email mnltap@umn.edu or call 612-625-
1813. 

CTAP workshops
Circuit Training and Assistance Program (CTAP) workshops 
bring LTAP services to your neck of the woods. CTAP uses a fully 
equipped van to provide on-site technical assistance and training. 
Each CTAP workshop earns 0.5 RS credit. For more information 
or to schedule classes, call the CTAP instructor, Kathy Schaefer, at 
651-366-3575, or email Kathleen.Schaefer@state.mn.us. 

Is it real...or is it fake? 
Can you guess if the stories below are fake or real? Answers are on page 7. n

Robot bees could 
pollinate crops 

Robotic bees may help pollinate 
crops near declining bee popula-
tions, according to U of M professor 
Shashi Shekhar. He made his com-
ments at the 2018 Annual Meeting 
of the American Association for 
Advancement of Science.

Harvard University researchers 
introduced the first "robo-bees" in 
2013. Last year, Japanese researchers 
created a bee robot that was able to 
transport pollen from one flower to 
another. 

Shekhar, a computer science and engineering professor, says robo-bees are 
likely to be deployed within five years. He warned that security is a key concern 
for the technology. 

On March 8, Walmart filed a patent for autonomous pollination drones. The 
drones would use sensors and cameras to detect the locations of crops. n

Detect oak wilt with nanotechnology 
and gold

Oak wilt fungus is an 
invasive plant pathogen 
that often goes unnoticed 
until it’s too late. New 
technology developed 
by U of M researchers 
offers a simple, affordable 
diagnostic test utilizing 
nanotechnology and gold. 

Currently, oak wilt detec-
tion is performed by visual 
diagnostic (naked eye 
observation), which is only 
possible two to three weeks 
after infection, or with laboratory techniques that take from six hours to two 
weeks and cost $60 to $120 per sample. In the field, the symptoms of oak wilt 
can be confused with drought stress or insect damage.

The innovation by the U team enables oak wilt detection within 30 minutes 
of sampling and at a fraction of the cost: less than five dollars per sample. The 
technology uses the agglomeration of gold nanoparticles to generate a chemi-
luminescent signal that can be read by a hand-held reader, in the presence of 
the oak wilt fungus DNA. n

Fall Maintenance Expo:  
Oct. 3–4
This year’s Fall Maintenance Expo takes 
place October 3 and 4 in St. Cloud. 
The expo is worth 1.0 Roads Scholar 
credit. Sponsors are MnDOT, 
Minnesota LTAP, the Minnesota 
Street Superintendents Association, 
and the American Public Works 
Association–Minnesota Chapter. n

Help stop the spread of invasive species
Don't mow through weeds 
with ripe seed, and make sure 
you clean mowers and other 
equipment frequently. Not 
only will this reduce weed con-
trol costs, it will also reduce the 
negative impacts to pollina-
tor habitat caused by invasive 
species. (Refresh your memory 
about this and best manage-
ment practices: visit the June 
2017 Exchange.) n


