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. . . Study Shows Increasing Contamination in Chicago Area Groundwater
Road salt contaminating Madison water well on West B souce: watiely- 2173333729, kely@sus g

Side as officials look for solutions Contact: Lsa Sneppard - (217) 247210, shepoerd@ilcis.adu ;‘| WATERSURIE

BILL NOVAK and BRIANA REILLY Wisconsin State Journal Dec 1,2016 #0 Since the 1950s, chloride (salt) levels in shallow groundwater have increased significantly in Cook and surrounding counties, ind

DRINKING WATER | TESTS SHOW INCREASE OF SODIUM, CHLORIDE
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Top 5 Things We've Learned...

* Do we have a salt legacy
problem?

* Can Permeable Pavements
reduce Road Salt?

*  Which Anti-icing chemicals
work best?

* Do Road Salt Alternatives
have Environmental Impacts?

* What Else Can We do?

OOOOOOOOO
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Do we have a salt legacy problem?

* LCCMR funding (M.L. 2016, Chp. 186, Sec. 2, Subd.
O4n) to investigate the transport of chloride from road
salt through soils commonly found in Minnesota (silt
loam, sandy loam, and sandy loam with
10% organic material)
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Erickson, A.J., J.S. Gulliver, and P. Weiss. (2019). Transport of Chloride through Silt Loam, Sandy Loam and Sandy Loam with Compost. Report for the Legislative-Citizen Commissio

University of Minnesota. Retrieved from the University of Minnesota Digital Conservancy,
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Column Experiments

Salt Loading
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Erickson, A.J., J.S. Gulliver, and P. Weiss. (2019). Transport of Chloride through Silt Loam, Sandy Loam and Sandy Loam with Compost. Report for the Legislative-Citizen Commission on Minnesota Resources & SAFL Project Report No. 590,

University of Minnesota. Retrieved from the University of Minnesota Digital Conservancy,
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Cl- along Highway(s)

Site SB-1: Highway 52 & 67th Street;
Sandy Loam Soil type: 896 (Kingsley-
Mahtomedi Complex)

Site SB-2: Highway 52 & 75th Street; Silt
Loam Soil type: 344 (silt loam)

e Field Measurements indicate CI-
concentration in soils:

— Varies with location and depth

— |s greater than zero (i.e., accumulates)

Erickson, A.J., J.S. Gulliver, and P. Weiss. (2019). Transport of Chloride through Silt Loam, Sandy Loam and Sandy Loam with Compost. Report for the Legislative-Citizen Commission on Minnesota Resources & SAFL Project Report No. 590,
University of Minnesota. Retrieved from the University of Minnesota Digital Conservancy, hitp://hdl.handle.net/11299/210228
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What Did We Learn?¢

* Column experiments: chloride is sometimes stored within the soil and is released at other
times. This contradicts conventional wisdom for chloride movement and fate in soils 2
More research is needed

* Field soil cores: chloride is present in the soil along roadways that are treated with
deicing road salt (are we surprised?)

* Results: Data demonstrate that chloride is stored within the soil and requires a long
period (i.e., years) of freshwater to rinse

Publications:

. Erickson, A.J., J.S. Gulliver, and P. Weiss. (2019). Transport of Chloride through Silt Loam, Sandy Loam and Sandy
Loam with Compost. Report for the Legislative-Citizen Commission on Minnesota Resources & SAFL Project Report
No. 590, University of Minnesota. Retrieved from the University of Minnesota Digital
Conservancy, hitp://hdl.handle.net/11299/210228

*  Higashino, M. Erickson, A.J., Toledo-Cossu, F.L., Beauvais, S.W., and H.G. Stefan. (2017). "Rinsing of Saline Water
from Road Salt in a Sandy Soil by Infiltrating Rainfall: Experiments, Simulations, and Implications." Water, Air, and
Soil Pollution. http://doi.org/10.1007 /s11270-017-3256-1
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Can Permeable Pavements
reduce Road Salt?

— Runoff Volume Reduction

— Improved water quality

— Smoother riding surface

— Hydroplaning resistance

— Les spray / increased visibility

— Noise reduction

— Less winter salt application (?77?)

Erickson, A.J., J.S. Gulliver, W.R. Herb, B.D. Janke, and N.K. Nguyen (2020). Permeable Pavement for Road Salt Reduction. MnDOT
Project Report No. 2020-15, Research Services and Library, Office of Transportation System Management, Minnesota Department of
Transportation. June 2020. htip://mndot.qov /research/reports /2020 /20201 5.pdf
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What Did We Learn?¢

* Permeable pavements and the porous subbase beneath them
function as thermal insulators, preventing heat transfer from

the surface to below and vice versa;

* Permeable pavements that are clogged due to sediment
accumulation or collapsed pores provide no benefit

compared to impermeable pavement;

* The primary winter benefit of permeable pavements is that
meltwater can infiltrate through permeable pavements and

prevent refreezing.

Erickson, A.J., J.S. Gulliver, W.R. Herb, B.D. Janke, and N.K. Nguyen (2020). Permeable Pavement for Road Salt Reduction. MnDOT Project Report No. 2020-
15, Research Services and Library, Office of Transportation System Management, Minnesota Department of Transportation. June
2020. http://mndot.gov/research/reports/2020/202015.pdf
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Which Anti-lcing Chemicals Work Best?

Anti-icing = pre-storm treatment to weaken the bond of snow and ice to pavement

Low
Temperature | Relative Relative Environmental Infrastructure
Effectiveness Toxicity Impacts Impacts

(°F)

Accumulates in the
NaCl: 15 environment.
Chlorides MgCl,: -5 Impacts water

Pavements and

: : metals
CaCl,: -15 quality and aquatic

flora and fauna

Pavements and
galvanized steel

NaFm: O _ Pavements and
High Moderate Moderate BOD _
KFm: -20 galvanized steel
Glycols Moderate High BOD

Modified from Western Transportation Institute 2017

ST. ANTHONY FALLS LABORATORY http: / /stormwater.safl.umn.edu/ M Science &aEngineering

o UNIVERSITY OF MINNESOTA

Acetates Moderate | Moderate Moderate BOD




Results at -5°C

What Did We Learn?

Everything works at 23°F, (no surprise )
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Shear Stress (kPa)

Erickson, A.J., P.T. Weiss, M. Turos, J.S. Gulliver, and M. Marasteanu. (2022). Reduce Chlorides in Minnesota Waters by Evaluating Road-Salt Alternatives and Pavement Innovations. Final Report and Literature Review to the Legislative Citizen

Commission on Minnesota Resources & the Environment and Natural Resources Trust Fund. Minneapolis, August 2022.
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Results at -15°C (5°F

What Did We Learn?

Everything (including NaCl brine) works
about the same at 5°F
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Erickson, A.J., P.T. Weiss, M. Turos, J.S. Gulliver, and M. Marasteanu. (2022). Reduce Chlorides in Minnesota Waters by Evaluating Road-Salt Alternatives and Pavement Innovations. Final Report and Literature Review to the Legislative Citizen

Commission on Minnesota Resources & the Environment and Natural Resources Trust Fund. Minneapolis, August 2022.
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Results at -25°C

&

TN
o
o

Shear Stress (kPa)

What Did We Learn?
NaCl is no benefit at -13°F (no surprise)

MgCl, and RainX are some benefit
CF7 and Propylene Glycol work best

%

Erickson, A.J., P.T. Weiss, M. Turos, J.S. Gulliver, and M. Marasteanu. (2022). Reduce Chlorides in Minnesota Waters by Evaluating Road-Salt Alternatives and Pavement Innovations. Final Report and Literature Review to the Legislative Citizen

Commission on Minnesota Resources & the Environment and Natural Resources Trust Fund. Minneapolis, August 2022.
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Results at -35°C (-31°F

What Did We Learn?
MgCl, and RainX are some benefit
CF7 and higher conc. of PG work best
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Erickson, A.J., P.T. Weiss, M. Turos, J.S. Gulliver, and M. Marasteanu. (2022). Reduce Chlorides in Minnesota Waters by Evaluating Road-Salt Alternatives and Pavement Innovations. Final Report and Literature Review to the Legislative Citizen

Commission on Minnesota Resources & the Environment and Natural Resources Trust Fund. Minneapolis, August 2022.
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Do Road Salt Alternatives have Environmental Impacts?

o
. The environmental impacts of Potassium Acetate (KAc) were 2
. N H H c ~ 2130 mg/L = LCsq at 25°C
evaluated for a variety of road application scenarios $ ° lor Conodaphrg dubla
. In general, to biota for recommended g
applications rates 8
. Potassium is predicted to be above toxic concentration limits
when applied to only 25% of the roads
. It is recommended that KAc only be used in the most precarious 130 mg/L = LCsp at 25°C

for Ceriodaphnia dubia

winter driving safety locations on the coldest days
. KAc is not recommended for application on parking lots due to
the susceptibility for over-application.

. Acetate could be used in combination with another cation, such
as sodium or magnesium. These alternative ions do not, however,
possess the low temperature effectiveness of KAc.
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130 mg/L = LCg at 25°C
for Ceriodap(mia dubia
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Gulliver, J., C.L. Chun, P. Weiss, A. Erickson, W. Herb, J. Henneck, and K. Cassidy. (2022). Environmental Impacts of Potassium Acetate as a Road Salt Alternative (University of Minnesota evaluation). MnDOT Report no. 2022-27 A.
https: / /www.cts.umn.edu/publications /report/environmental-impacts-of-potassium-acetate-as-a-road-salt-alternative-university-of-minnesota-evaluation &
https: / /researchprojects.dot.state.mn.us /projectpages /pages/projectDetails.jsf2id=22000 &type=CONTRACT. Minneapolis, July 2022.
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Do Road Salt Alternatives have Environmental m actse

-

* There is economic incentive to alternatives! e S| O
* Cost of Road Salt (NaCl) = $100/ton . == 700080

* Cost of Vehicle Corrosion, Extra Road Maintenance, Tree
Damage, & Infrastructure Damage = $3,140 /ton

* Ecosystem Impacts = $9,590 /ton
* Total Cost = $12,830 /ton * 404,000 tons/yr = $5.2B /yr

Gulliver, J., C.L. Chun, P. Weiss, A. Erickson, W. Herb, J. Henneck, and K. Cassidy. (2022). Environmental Impacts of Potassium Acetate as a Road Salt Alternative (University of Minnesota evaluation). MnDOT Report no. 2022-27 A.
https: / /www.cts.umn.edu/publications /report/environmental-impacts-of-potassivm-acetate-as-a-road-salt-alternative-university-of-minnesota-evaluation &
https: / /researchprojects.dot.state.mn.us /projectpages /pages/projectDetails.jsf2id=22000 &type=CONTRACT. Minneapolis, July 2022.
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Do Road Salt Alternatives have Environmental m actse

-

* There is economic incentive to alternatives! ' _ g =
+ Cost of Acetate De-iciers = $1600/ton _ ke b © = Sl
* Cost of Vehicle Corrosion, Extra Road Maintenance, Tree
Damage, Infrastructure Damage, Ecosystem Impacts =
minimal
* Total Cost = $1600/ton * (1.5 more KAc vs. NaCl) *
404,000 tons/yr = $0.97B/yr > > $3.2B Savings/yr

Gulliver, J., C.L. Chun, P. Weiss, A. Erickson, W. Herb, J. Henneck, and K. Cassidy. (2022). Environmental Impacts of Potassium Acetate as a Road Salt Alternative (University of Minnesota evaluation). MnDOT Report no. 2022-27 A.
https: / /www.cts.umn.edu/publications /report/environmental-impacts-of-potassivm-acetate-as-a-road-salt-alternative-university-of-minnesota-evaluation &
https: / /researchprojects.dot.state.mn.us /projectpages /pages/projectDetails.jsf2id=22000 &type=CONTRACT. Minneapolis, July 2022.
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The Friction Maker ™

What about Abrasives? g

* Bounce or blown off road
* More expensive than salt
* More environmental impact than salt (2)

* Recent Improvements to Abrasive Use:

* Wetted sand (currently with brine)
* Heated sand (80-250 °C)
* Can reduce sand use by 50%

https://julkaisut.vayla.fi/pdf/3200842.pdf

OOOOOOOOO
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Measuring Friction Enhancement

Dynamic Friction Tester
(ASTM E1911-19)
Thanks MnDOT!
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Bare Pavement (no ice, no sand)
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What did We Iedrn? |

Bare Pavement is safe (no surprise)
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Bare Ice (no sand)

Bare Ice at -15°C for 1hr Average (n = 6)
— Bare Ice at -5°C for 1hr Average (n = 6)

Bare Ice at -5°C for 5min Average (n = 6)

Bare Pavement All Temps Average (n = 23)

What did We learn?

Bare ice is NOT safe (no surprise)
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Dry Sand on Ice vs. vs. Bare Pavement
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—
\V)

—
o

o
o

100 x u

What did We Iedrn? .

Dry Sand on Ice is not better than bare ice

o
I

=
e
c
O
O
b
o 0.6
@)
c
O
e
§S.
| -
L

Skid Number

Speed (km/h)

ST. ANTHONY FALLS LABORATORY http: / /stormwater.safl.umn.edu/

o UNIVERSITY OF MINNESOTA



Water-Heated Medium Sand (<:|5O 1.5mm) on Ice
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— Water-heated medium sand on ice at -15°C for 1hr Average (n = 5)

Water-heated medium sand on ice -5°C for 1hr Average (n = 5)

Water heated medlum sand on ice -5°C for 5min Average (n= 5)

What dld we learn?

Water-Heated Sand on Ice is safe! _
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Summary of Friction Results

" I L | L] L] | | l | | | | | | | | I | ] | | | " I | || L ] | | I | | | || ||
Bare Pavement All Temps Average (n = 23)
Bare Ice at -15°C for 1hr Average (n = 6)

— Bare Ice at -5°C for 1h

Water-heated coarse ¢ thi‘ did we Iearn?
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Top 5 Things We've Learned...

* Do we have a salt legacy
problem? YES!

* Can Permeable Pavements
reduce Road Salt? YES!

*  Which Anti-icing chemicals
work best? KAc & Prop. Glyc.

* Do Road Salt Alternatives
have Environmental Impacts?¢ Yes, but potentially less

* What Else Can We do? overall cost.
Wq 'l'er—hea 'l'e d Sqn d! https: / /teneoresults.com /blog /top-5-methods-of -prospecting /

OOOOOOOOO
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UPDATES: February 2021 (v16, i1):
Optimizing Biofiltration Media for Phosphate
Release, Filtration Rates, and Vegetation Growth
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Pretreatment for Bioretention: U

Capture of Gross Solids and Sediment
Minnesota Stormwater Seminar Series

August 19, 2021 (NEXT WEEK!!!):
Underground Stormwater Control Measures

Minnesota Stormwater Research Spotlight,
December 17, 2020:
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Read More
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Past Newsletters

edimer
Navr

Events

Signup at http://stormwater.safl.umn.edu/
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Minnesota Stormwater Seminar Series AR

COLLEGE OF

Science&Engineering
YOUTU be Chan nel . httD ://Z. umn. ed U/SWS I’eCOFd or {JNIVERSITY OF MINNES()T;

httDSZ//WWW.VOUtU be.com/@MNStormwaterSeminar/videos - b Water Resources Center

UNIVERSITY OF MINNESOTA

Driven to Discover

Past Natlonal Speakers.

Bill Hunt Bridget Bill Selb|g Jamie \EI{I Elizabeth Scott Jenn Jon Allen Seth Stephanie Jane Rob Tom Scheuler & Dawd Wood
Wadzuk Houle Quigley Fassman- Struck Drake Hathaway DEWIS Brown Hurley Clary Traver
Beck

Michelle Simon Nina Ryan Jim Bob Pitt Mlke Dietz Harry Chingwen DaV|d Steve Ken Schiff Joel Bill Hunt

Bassuk Winston Lenhart Zhang Cheng McCarthy Corsi Moore

...and more to come!
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attention!
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Questions?

Andy Erickson
eric0706( @umn.edu

":-f = Approximate Temp = -20 °C = -4°F
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