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Executive Summary

Roadway deicers are essential to the functioning of daily life in northern states in winter. After plowing,
roadway salting is currently the most practical way of making safe transportation possible in winter;
amounts in excess of 3 pounds per foot of roadway per winter season are common. However, road
deicer chloride (salt) has severe negative effects on surrounding watersheds. Yet, currently no methods
or procedures have been developed to capture the chloride. The situation is particularly dire where
highways cross small receiving streams that are the habitat of endangered and threatened species,
because the high concentration of chloride in the highway runoff does not dilute sufficiently to prevent
toxicity in the hatching and juvenal rearing areas of the streams.

This project developed and evaluated in-ditch salt capture techniques based on mitigation of chloride
migration through absorption and capture in a manufactured backfill media. Laboratory column studies
were done and evaluated for permeability and chloride capture effectiveness by different filter
aggregate blends. Hydraulic flow and factors of salt capture related to flow-through, permeable bags of
treatment media were evaluated in a 1/8th scale waterway model under conditions including deep frost
and frozen media to be expected during a winter installation. An in-ditch treatment approach was
developed and prototyped such that hydraulic performance and the performance monitoring approach
of the treatment technique could be assessed. Installation and performance of in-ditch treatments,
consisting of flow-through berms (or “chevrons”) composed of geotextile bags filled with treatment
media mixture were evaluated.



Chapter 1: Introduction

1.1 Background

Snow and ice that fall on roadways cause reduced traction and slippery conditions for cars and trucks.
Plowing removes much of the snow and ice, but frequently chloride-based rock salt is applied to lower
the melting point of the ice, converting the ice into salty water that leaves the pavement as either runoff
or spray (LRRB & MnDOT, 2022). Recent work done for the Minnesota Department of Transportation
(Druschel, 2020) showed that an average of 17,000 pounds per lane mile of salt is placed during a typical
winter on low-volume state highways, an amount equal to about 3 pounds of salt per every foot of
travel lane per winter season.

Northern climate winters bring snow and ice to roadways; deicing with chloride salt is a critical
mechanism of being a weather-ready nation (Druschel, 2020). However, roadway deicers, when in the
presence of either snow or rain, quickly leave the traveled way as runoff and spray (Druschel, 2017),
entering the stormwater systems that are designed to protect natural waters (Minnesota Stormwater
Manual 2017). Mitigation of chloride from road deicers to stormwater management systems and
receiving waters is an emerging concern in northern states (MPCA, 2020) because we know that salts
can be deadly in the environment, toxic to aquatic organisms, and lethal to elements of the food chain
(Gross, 2022; Corsi, et al, 2010). These effects can be greatly damaging to aquatic organisms in general,
with specific behavior-changing and toxicity effects measured on the Topeka shiner, a species of fish
listed as a federal endangered species with habitat in Southwestern Minnesota (Bayless, et al, 2003;
Mott, et al, 2021).

Unfortunately, stormwater systems are designed to neither stop salt deicers nor mitigate their
ecological damage (Decision Tree for Stormwater BMPs, 2011); therefore, chloride is traced to lakes,
streams and other receiving waters (Herb, et al, 2017). Chloride in groundwater fed by roadway
stormwater runoff has been getting more attention recently; however, there is lack of research on
quantifying the mitigation of chloride from deicers to groundwater (Trojan, et al., 2020). While deicers
are vital for transportation safety of urban areas as well as rural agriculturally significant roads, the long-
term effects of deicers may be overwhelming.

While sodium chloride and rock salt chemistry appear simple and straightforward, the chemistry is
actually controlled by ion exchange, diffusion, adsorption, and precipitation processes that can slow
release or even remove chloride from water. Mitchell and Soga (2005) describe tests in which chloride
migration was slowed by factors including organic content, clay proportion, clay mineralogy, and
chloride concentration and the resulting osmotic pressure. Clays of high activity were observed to
adsorb chloride, in amounts depending on the permeability and porosity of the soils, the tortuosity of
the water flow paths within the soil, and the concentration of the chloride. Absorbing chloride may be
the key to reducing the ecological lethality of salt deicers, particularly if we can do it before roadway
runoff reaches natural waters such as streams, ponds and rivers.



In an unpublished pilot study (Druschel, 2021), salt capture due to permeation through granular material
with clays of various types was observed. For kaolin, illite and the commercial product Tidy Cat kitty
litter, capture was about 1:1 salt mass to clay mass. For calcium bentonite and sodium bentonite, the
capture was between 10-20:1 salt mass to clay mass. Bentonite clays are well known in the soil
geochemistry world for their high activity related to greater surface charge, so this difference in salt
capture seems to be appropriate for bentonite clays.

1.2 Proposed Evaluations
Evaluations in this study were done in three settings:

e Column studies in which salt brines were applied in a flow through manufactured treatment
media, to determine optimum composition;

e Waterway channel bench-scale (approximately 1/8th scale) studies in which salt brines were
applied in a ditch-like configuration for gravity flow with consideration of drainage media, frost
and melt out effects to determine optimum configuration; and,

e Field studies involving placement of manufactured treatment media in runoff ditches of low-
volume roadways, assessing capture of actual deicer materials as applied over a winter season.

1.3 Previous Work and Literature Study

Description of previous studies regarding deicing and anti-icing performance taken from Druschel
(2014):

Evaluations of deicing and anti-icing performance occur with every winter storm event, with
every driver on a given roadway affected by snow or ice. Given the difficulty of driving in winter
conditions, it is no wonder this anecdotal evaluation occurs. However, formal studies of
performance in the technical literature are few, particularly studies with evaluations of factors
rather than comparisons of procedures.

Chollar (1988) summarizes field studies done during the winter of 1986 — 87 comparing the
performance of calcium magnesium acetate (CMA) and rock salt at four locations: Wisconsin,
Massachusetts, Ontario and California. CMA was found to deice slower than rock salt although
eventually reached a similar performance level. CMA was also found to have roadway
distribution and persistence issues caused by lower-density particles: (1) particles would spread
farther than rock salt (ending off the vehicle lane); and (2) were more susceptible to wind
erosion from the roadway. Operational issues were also identified with CMA, including
distributor clogging due to material softening with moisture absorbance and increased
adherence to vehicle windshields.

Hamilton, et al. (1989) describe field trials of CMA and sodium formate (NaFo) against the
performance of sodium chloride done during the winter of 1987 — 88 in Ottawa, Ontario. The
purpose of this study was to assess deicer alternatives that were associated with lower



environmental, vegetation and corrosion damage than with sodium chloride. Test sections were
designated for the application treatments plus a no-application control using two parallel
roadways: a two-lane, low-volume, low-speed city road; and a four-lane, high-volume,
moderate-speed regional road (traffic amounts were not provided). This study was the first to
use friction testing as a measure of deicer performance. Slower melt times for both alternative
deicers and higher application rate needed for equivalent performance of CMA were noted.
Cost increases of 33 and 13 times the cost of sodium chloride were noted for CMA and NaFo,
respectively.

Raukola et al. (1993) described an anti-icing program evaluation in Finland that used a residual
chloride measurement to assess anti-icing persistence on pavement in a medium-duty roadway
with 6,100 average daily traffic. Anti-icing was applied in liquid form only for this study.
Decreases in surface chloride concentration were found to be associated with roadway moisture
most of all. Other factors positively correlated to a decline in surface chloride concentration
included traffic, initial application amount, and applicator speed. No difference in the pattern of
persistence was noted between sodium chloride and calcium chloride.

Manning and Perchanok (1993) evaluated the use of CMA at two locations in Ontario using a
comparison with rock salt for performance measures. The two locations differed greatly in
temperature, precipitation and traffic conditions. Four different winter periods were used from
1986 — 87 to 1990 — 91. With heavy traffic and light snow, CMA was generally equivalent to rock
salt, although 20 — 70% more CMA was applied in an attempt to match the ionic characteristics
of rock salt. Both light-traffic and heavy-snow conditions caused decreases in performance of
CMA relative to rock salt.

Stotterud and Reitan (1993) discussed the findings of an anti-icing evaluation in Norway that
considered weather factors on ice prevention. Performance was assessed by friction
measurements. Anti-icing was negatively affected by snow intensity, lower temperatures and
the occurrence of freezing rain. Duration (persistence) of anti-icing materials was found to be
reduced by increases in traffic or surface moisture, either as frost or drizzle. Persistence could
be as long as 2 or 3 days on the tested roadway if low temperatures and low humidity occurred
prior to the storm event. Pavement type and age were discussed as factors in performance, but
no clear trend was identified and only differences were discussed.

Woodham (1994) describes a testing program that used a single storm event in 1991 with
twelve roadway sections of 0.1 mile each in a single community in Colorado. Four different
material preparations were evaluated: (1) magnesium chloride and sand; (2) calcium chloride
and sand; (3) sodium chloride (rock salt) and sand; and (4) magnesium chloride, sodium chloride
and sand. Salt of any type was limited to 80 pounds per lane mile due to societal constraints.
Sand component amount was varied in the blends, as an objective of the study was to find a
lower amount of sand in a blend that would achieve expected performance or better.



Prewetting was also evaluated and found to greatly improve deicing time. Magnesium chloride
—sand and sodium chloride — sand mixtures were found to perform best.

Blackburn et al. (1994) presented a large and comprehensive study of anti-icing, consisting of
liquid, solid and prewet solid anti-icing materials and techniques tested at fourteen locations in
nine states (CA, CO, MD, MN, MO, NV, NY, OH and WA) during the winters of 1991 — 92 and
1992 —93. Materials and techniques were tested against control sections where conventional
snow and ice control practices of the particular state were used. Friction testing and chloride
residual testing were used for performance measurement, and results were presented along
with weather, pavement condition and air temperature records. State departments of
transportation were the testing agencies, and training materials were developed within the
study for anti-icing techniques, testing methods and quality control procedures. Difficulties
encountered included the lack of equipment available for prewetting, equipment targeted for
the low treatment levels associated with anti-icing, and a lack of vendor testing of operational
characteristics of spreading equipment.

Findings of Blackburn et al. (1994) included a mixed outcome about the reduction of overall salt
use, as some locations experienced increases in salt use and some locations first decreased then
increased salt use. Salt use outcome variations were attributed to the contrasts of winter storm
patterns between the two years. Overall, anti-icing at 100 pounds per lane mile with liquid or
prewetted solid was found to greatly improve roadway operation during winter conditions when
temperatures were above 20° F; dry solids were found to have persistence on the roadway
inadequate for effective anti-icing due to blow off or traffic effects. Prewet rates of 5 -6
gal/ton and 10 — 12 gal/ton were found minimal but effective for prewetting on the spinner and
in the truck bed, respectively, although recommendation was given to increase the rate by 50%
for greater effectiveness and reliability of method. Magnesium chloride was evaluated and
found to be an effective anti-icing material as a liquid or prewet on sodium chloride. Anti-icing
techniques were found to be ineffective or even detrimental if used during freezing rain or
drizzle events, or on compacted snow.

Blackburn et al. (1993) presented preliminary observations of techniques and the overall
program later presented Blackburn, et al. (1994).

Ketcham et al. (1998) produced a follow-on study to Blackburn, et al. (1994) using eight of the
sites previously studied and adding eight new sites. Fifteen states were involved in the study
(1A, KS, MA, NH, OR and WI were added), although results were only reported from twelve sites
in eleven states addressing average daily traffic of 3000 — 40,000 vehicles. The goal of this
study, similar to the previous study, was to evaluate new techniques of anti-icing in comparison
with conventional practices of the particular state, with the objective to further encourage
development and implementation of the new anti-icing practices. As before, performance was
measured with friction tests and pavement observations, while perceptions of passenger vehicle
handling after treatment was added. Results were graphed across the storm times then



evaluated with statistical evaluations of friction values by pavement conditions and treatment
approach (either conventional or anti-icing based). Two to fourteen storms per year were
evaluated for each site. A wide range of treatment materials were evaluated including rock salt,
fine salt, calcium chloride, magnesium chloride, potassium acetate, and abrasives.

In the study by Ketcham et al. (1998), friction was found to be reduced by lower air
temperatures (greatest effect), higher precipitation rates and decreasing traffic volume (least
effect). Snowfall intensity was also identified, as packed snow was observed to occur after an
upturn in intensity, although the results were not quantified. Friction was consistently worse
with “snow” conditions than with “light snow” conditions. Cost analyses of five highway
sections were inconclusive, as anti-icing techniques resulted in both lower and higher costs.
Reasons for the costs to increase included higher-priced chemicals being used, test operations
not being completely typical, and anti-icing not being “tuned” to achieve the full potential of ice
prevention and removal. Additionally, cleanup of abrasives (when used) was identified as a
significant cost.

Anti-icing performance factors identified by Ketcham et al. (1998) as needing further evaluation
included:

e Lower levels of service being incorporated as a flexible storm response;
e Rural versus urban roadway treatments;

e Abrasives as a complementary strategy to anti-icing;

o The effective application of solids and prewet solids for anti-icing;

e Persistence of anti-icing treatments between storms;

e The optimum timing of anti-icing treatments ahead of storms;

e Interaction of anti-icing with open graded pavement courses; and,

e Effective anti-icing techniques for freezing rain conditions.

Highway Innovative Technology Evaluation Center (1999) presents an evaluation of applications
and techniques using Ice Ban Magic liquid deicer product. Seven state highway agencies (AK,
CO, IN, NE, NY, WA and WI) and one county were involved. Performance advantages were
observed in comparison to magnesium chloride at low temperatures and with residual material
lasting from one storm to the next. Advantages over sodium chloride brine were also observed
when used as either a prewet or stockpile treatment. However, Ice Ban was found to be
particularly susceptible to occurrences of refreeze and freezing rain, in that lower effectiveness
than traditional materials was observed under these conditions.

Two laboratory studies have particular applicability to this project. Trost et al. (1987) described
deicing as fundamentally controlled by undercutting, allowing traffic to break up delaminated
ice. Undercutting was further described as a two-phased behavior, first being controlled by ice
melt capacity in a thermodynamic process and second being controlled by diffusion and density
gradients in a kinetic process. Shi et al. (2013) connected this two-phase behavior to
observations of time being a highly significant factor in roadway ice melting: Melting occurred



within 30 minutes of application for magnesium chloride and calcium chloride but within 60
minutes for sodium chloride.

Recent work by Blomqyvist et al. (2011) showed that anti-icing and deicing operations could be
negatively affected by the roadway wetness as traffic removes salt through splash and spray as
well as run off:

“Road surface wetness, as shown from the wheel tracks, related positively to the rate of
residual salt loss. The wetter the surface, the faster the salt left the wheel tracks. On a
wet road surface, the salt in the wheel tracks was almost gone after only a couple of
hundred vehicles had traveled across the surface, whereas on a moist road surface, it
would take a couple of thousand vehicles to reach the same result.”

Blomgvist et al. (2011) suggests that, while road wetness has a significant impact, it is first and
foremost traffic that appears to reduce deicer persistence. This finding matches the conclusions
of Raukola et al. (1993) and Stotterud and Reitan (1993), noted previously. However, this
finding appears different than the finding noted by Ketcham et al. (1998) that decreasing traffic
reduces friction; in essence, that traffic is helpful to anti-icing. It may be these two findings are
describing two different behaviors within anti-icing:

e Vehicle as breaker of ice, perhaps by dislodging undercut ice; and,
e Vehicle as remover of salt chemical, perhaps by mobilizing saltwater spray or splash.

Additional descriptions of previous studies regarding deicing and anti-icing performance taken from
Druschel (2017) (selected passages, and updated):

Muthumani et al. (2014) explored the differences between lab and field tests for evaluation of
deicing and anti-icing chemicals, and suggested approaches for reducing the discrepancies in
test conditions to improve the applicability for actual traffic conditions.

Wahlin and Klein-Paste (2015) evaluated the effects of deicing chemicals on the hardness of
compacted snow and whether deicers cause an increase in snow compaction bonded to the
pavement. The experiments of that study showed that increasing deicer concentration caused
softer snow, and that there were modest but statistically significant differences between
different deicers. The softer snow was a result of bond weakening within the snow structure,
similar to what happens during the physical change of snow structure with increasing
temperature around the melt point. No connection was demonstrated, only theorized, about
roadway pavement snow compaction, such as with a continued snowfall after deicer treatment.

Several studies have been conducted with the goal of plow route optimization, some taking
advantage of temperature modeling and real-time weather measurement, either fixed-location
or vehicle mounted.



e Salazar-Aguilar et al. (2012) evaluated synchronized routing of plow vehicles, such that
multiple lane highways would be efficiently incorporated into a winter maintenance
model. Chien et al. (2014) also looked at this question.

e Arvidsson (2017) considered the costs related to road condition, accident risk, fuel
consumption, environmental consequences and other socio-economic effects as a way
to improve the quantification of costs and benefits for snow clearing efforts.

e Dussault et al. (2013) evaluated the optimum plow route organization, incorporating the
benefit of previously cleared roads for plow vehicle transit to areas of operation.

e Perrier et al. in four separate publications constructed models of winter maintenance
optimization involving plow routes (Perrier et al. 2006a), snow disposal locations
(Perrier et al. 2006b), depot locations (Perrier et al. 2007a) and fleet sizing (Perrier et al.
2007b).

e Crow et al. (2016) developed a cost-benefit analysis for incremental equipment
acquisition, specifically looking at specialty equipment with unique snow clearing or
treatment capabilities.

e Nordin and Arvidsson (2014) evaluated the change to energy costs of traffic caused by
varying levels of winter maintenance and weather conditions. This work pointed at the
importance of the threshold weather level for initiation of snow clearing efforts for
determination of the energy costs.

e Testeshev and Timohovetz (2017) provided an assessment of benefits effected by travel
speed management for traffic in winter snow conditions.

e Optimization of deicer efforts by weather conditions is considered by Kramberger and
Zerovnik (2008).

e Sullivan, et al (2015) considered factors for strategically locating satellite salt facilities to
gain efficiencies in roadway snow and ice control.

e Miller, et al (2018) and Blandford, et al (2018) evaluated the economic benefits gained
through reduced demands on labor, equipment and deicer material that occur when
optimizing snowplow routes at the Ohio Department of Transportation and the
Kentucky Transportation Cabinet, respectively.

Trenouth et al. (2015) developed a road salt application planning tool for winter deicing
operations using models for snow depletion, plowing, salt-induced melting, and salt wash off.
The planning tool was assessed at three field sites using the concept of “bare pavement regain
time” plus various chloride and flow measurement instruments placed in drainage structures.

Pavements with additives or aggregates that can enhance or even cause deicing are evaluated in
several publications, including Gomis et al. (2015); Li et al. (2013); Luo et al. (2015); Wang et al.
(2016); and Zhao (2011). Pavement degradation caused by deicers is evaluated in Goh et al.
(2011) and Opara et al. (2016).

Anti-icing performance measures were evaluated in four publications. Snow-pavement bond
strength, bond failure temperature and friction of pavement after snow removal were evaluated



by Cuelho and Harwood (2012). Fjaerestad, et al (2020) evaluated the freezing process for anti-
iced salted roadway surfaces during conditions of ice fog or hoar frost formation. Experiments
indicated that a relationship could be developed between amount of precipitation and the
protection time provided by an anti-icing application. Fu, et al (2012) was a field test of anti icer
compounds derived from beet molasses that focused on friction of the pavement through nine
snow events. Shi and Cui (2015) considered the economic, environmental and social benefits
attributable to the proactive nature and environmentally responsible performance of anti-icing
and pre-wetting.

Environmental damage done by roadway deicers was described in several publications. Dudley, et al
(2014) evaluated the effects of roadway deicers on the germinations rate of native grasses and forbs.
Rossi, et al (2016) characterized the effect of roadway deicers on soil-mineral interactions at roadside
locations. Herb (2017) evaluated the transport and accumulation of chloride from road deicers through
surface water runoff and soil infiltration in an urban area watershed. Results suggested a greater
infiltration of chlorides into soil and subsurface waters than was previously assumed.



Chapter 2: Column Study

For in-ditch salt capture techniques based on mitigation of chloride migration through absorption and
capture in a manufactured backfill media, laboratory column permeability and chloride capture
effectiveness tests were done on different filter aggregate blends.

While chloride (salt) capture depends upon ionic bonding (chemical bonding based on ion charge),
drainage depends upon permeability (flow through the filtering soil). Filter aggregates were used in this
study to create flow at permeability levels associated with roadway drainage, generally considered to be
a permeability above (“faster”) than 0.001 cm/s, or 2.5 ft/day. Aggregates were used to distribute the
calcium bentonite across the flow path such that the calcium bentonite could come into contact with
chloride ions dissolved in drainage water, while maintaining flow sufficiently high. As described in
Cedergren (1989):

“The permeability of soils varies significantly with grain size and is extremely sensitive to the
guantity, character, and distribution of the finest fractions.”

Therefore, filter aggregates were selected to balance the amount of fine fractions — including the
material targeted for chloride absorbance, calcium bentonite — and the coarse fractions used to
promote drainage speed and increase permeability. These filter aggregates were used both as furnished
and in blended compositions.

The goals of these evaluations were to understand: (a) the relationships between materials and
permeability to achieve sufficient drainage flow; and (b) the capacity of the calcium bentonite to absorb
the chloride component of salt from the drainage. These evaluations centered on “column tests” in
which drainage water flowed under gravity pressure through filter media which incorporated the
calcium bentonite to achieve absorption. Measurements were made of both the flow and the chloride
concentrations to provide the results for evaluation.

2.1 Materials

Calcium bentonite (noted in the lab notes of this study by the abbreviation CaB), the clay centered in
this study, was sourced from Lone Star Minerals of San Antonio, Texas. It was furnished dried and
powdered (defined as passing #200 sieve of opening size 0.075 mm) (Figure 2-1) in 50-pound bags.



Figure 2.1 Calcium bentonite

Filter aggregates were used in this study to create flow at levels associated with roadway drainage,
generally considered to be a permeability above (“faster”) than 0.001 cm/s, or 2.5 ft/day. As described
in Cedergren (1989):

“The permeability of soils varies significantly with grain size and is extremely sensitive to the
guantity, character, and distribution of the finest fractions.”

Aggregates were used to distribute the calcium bentonite across the flow path such that the calcium
bentonite could come into contact with chloride ions dissolved in drainage water, while maintaining
flow at sufficiently high levels. Specific filter aggregates used in this study are shown in Figure 2-2 and
include:

e Sugar Sand: A commercially available sand sold as “filter sand” in 50-pound bags, obtained from
various sources. A medium sand with little fine sand, poorly graded, clean, white, sub rounded
to rounded grains. The name “sugar sand” is used in the construction trades to denote that that
the sand has the appearance of sugar by its color, shape, size and flow movement. The white
color emanates from quartz being the primary mineral. Regionally to Southern Minnesota,
sugar sand is obtained from the Jordan Sandstone geologic unit, a weakly cemented sandstone
that is mined, crushed and washed then used for industrial and commercial products (Jirsa, et al,
2011).

e Beach Sand: A commercially available sand sold as “play sand” in 50-pound bags, obtained from
various sources. A medium sand with some fine sand, poorly graded, clean., brown, sub
rounded to rounded grains. Called beach sand because such sands are mined from fluvial and
alluvial deposits such as beaches.

e Fine Filter Sand: a granular aggregate meeting MnDOT Highway Specification 3149.2.1.2. For
this study, a 40-pound bag sample was graciously furnished by Minnesota Paving and Materials,
Inc.. The bag was labeled as from their “Davis Pit” in Kasota, Minnesota, and is a borrow
mixture mined from fluvial deposits with sub rounded to rounded particle shapes. Itis
characterized as a poorly graded sand, however it is the most graded of the materials used in
this study with 6% fine gravel, 30% coarse sand, 40% medium sand, 24% fine sand, and less than
1% fine material (clean).
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Pea Stone Gravel: a fine gravel with a trace of sand, clean, screened and washed, sub rounded.
Pea stone was obtained locally at Thomas Tree & Landscaping, Inc. of Mankato, Minnesota.
Sunrise Granite Crushed Stone: a crushed stone, washed and screened, angular. While called
“Sunrise Granite”, it is actually mined regionally from the Sioux Quartzite geological unit (USGS,
2024). As a processed crushed stone passing % inch sieve retained on a 3/8-inch sieve, it was
obtained locally at Thomas Tree & Landscaping, Inc. of Mankato, Minnesota.

Salt used in this study was obtained as Morton Pure and Natural Water Softener Salt (Morton
Salt, Inc., Chicago, IL). This material is commonly referred to as a “solar salt” as it is produced
from solution brine mine product that is evaporated and dried to achieve crystal forms of
approximately Y%-inch in size. Salt prepared in this manner is characterized by high purity as clay
and silt impurities are removed in the brine processing. Figure 2.2 also includes a photo of the
salt used in this study.

Water used in this study for calcium bentonite hydration and brine makeup was obtained from
Seven Mile Creek, a perennial stream at Seven Mile Creek Park, Saint Peter, Minnesota, owned
and maintained by the Nicollet County Public Works Department. The sample collection
location was above the stream thalweg at a point approximately 2500 feet west of US 169
(Figure 2.3). Samples were taken as scoops of water in a 5-gallon plastic bucket to fill an upright
bucket of similar size and composition; samples were gently decanted to prevent fines from
collecting in the containing bucket.

According to the trail map and park brochure (Nicollet County Public Works Department, 2024),
Seven Mile Creek is a groundwater-dominated stream. This water source was selected to be a
water of consistent composition that closely matches runoff water composition in Southern
Minnesota.
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Fine Filter Sand Pea Stone

Crushed Stone Galt

Figure 2.2 Filter aggregates used in this study, shown also with salt (bottom right).
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Figure 2.3 Collection location of “stream water” used in this study.

2.2 Methods

The core method of experiment in this study was as a “column study” in which salt brine flows
downward through a filter pack that occupies the lower portion of a vertical tube column. Six columns
are installed in parallel in the testing rack of the column study equipment (Phipps and Bird, Inc.,
Richmond, Virginia). Filter pack material was weighed and mixed in 500 g batches using a process of
cup-to-cup transfer while rotating; ten transfers were used to ensure mixing. The cups being rotated
were “dispersion cups”, 4 inches diameter by 7 inches deep, specified by ASTM D422 that have four %-
inch full-length internal baffles attached vertically to the inside of the cup wall.

A 200 g bed of crushed stone was first placed into the column to act as supporting layer that would
reduce piping and loss of filter pack material. Filter pack material was then gently poured into the
column. Another 200 g layer of crushed stone was then placed on top of the filter media to prevent
erosion from high fluid velocities potentially associated with pouring. Stream water of approximately 2
L volume was then slowly poured into the column to hydrate the filter pack.

Salt was mixed into stream water in 1 L batches using a six-paddle mixer (Phipps and Bird, Inc.,
Richmond, Virginia) (Figure 2-4). Stream water without salt was used as a blank to test treatment
effects.
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Figure 2.4 Salt being mixed with steam water. Shown immediately after salt crystals added and before
initiation of paddle action.

Stream water and salt, typically at 25 g/L concentration, was then mixed, extending for a time
approximately 10 minutes after all crystals disappeared (dissolved), creating brine. Brine or blank water
was then poured into the top of the column to flow through the treatment media (Figure 2-5). Treated
water, also known as effluent, was then collected in a 1 L graduated cylinder set beneath the column
(Figure 2-6).

Figure 2.5 Columns with treatment media in place.
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Figure 2.6 Graduated cylinders receiving treated effluent water beneath the columns.

Permeability (k) was determined in a “falling head” configuration by measurement of the liquid height
(fluid head, h) above the lower end of the filter pack (of length L) at the start time (t1) and end time (t,)
of a period in which no additional fluid was added to the amount already in the column. In this project,
the initial fluid head (h1) was typically 70 cm. The final fluid head (h;) was measured prior to the fluid
level reaching the filter pack (Figure 2-7). The permeability is then determined through the following
equation (Cedergren, 1989):

__L hy .
k= Pa— In (hz) (Equation 1)
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Figure 2.7 Falling head permeability tests being conducted above and through filter packs with brine fluid in
Column 5 at 60.6 cm (foreground) and in Column 6 at 49.8 cm (background).

Concentrations of total dissolved solids (TDS) were directly read in solutions with two instruments: a
Hanna GrolLine conductivity meter (Hanna Instruments, Inc., Smithfield, Rhode Island) and an Oakton EC
100 conductivity meter (Environmental Express, Inc., Charleston, South Carolina), both calibrated to salt
concentrations of 0 to 60 g/L.

Concentrations of chloride and total hardness were determined using reverse titration methods that
meters sample into a self-filling reagent ampoule (vacu-vial) until reaching a color change point that is
calibrated to concentration (Chemetrics by AquaPhoenix Scientific, LLC, Midland, Virginia). Chloride was
measured using a K-2070 test kit with a range of 10,000 to 100,000 ppm (1 to 10% chloride). This
analytical approach is specified in APHA Standard Methods (Rice, et al., 2012) as Method 4500-CI- C-
1997.

Total hardness, a measure of calcium (and magnesium, though magnesium is not thought to be present
in the filter pack material used herein) ions which are likely to react with chloride during absorption, was
measured using a K-4585 test kit with a range of 100 to 1000 as CaCOs (the standard unit in water
chemistry for expressing total hardness). This analytical approach is specified in APHA Standard
Methods (Rice, et al., 2012) as Method 2340 C-1997.
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Figure 2.8 A vacu-vial reverse titration analysis with purple-colored fluid currently reading 2% chloride;

additional sample titration into the vial will cause the purple color to turn colorless signifying the actual

concentration of chloride in the sample

2.3 Analyses and Results

A total of 48 filter packs were prepared and analyzed, organized into eight filter pack sets of similar

composition and evaluation goal. Pack set goals, filter pack sizes, permeants and concentrations, filter

pack compositions, permeability and chloride (when measured) test results are all presented in the

following tables, organized by pack set:

Table 2.1 First filter media pack set with permeability results. First filter media pack set.
Evaluation of permeability (k) as a function of Calcium Bentonite (CaB) proportion when mixed
with Sugar Sand.

Table 2.2 Second filter media pack set with permeability results.: Second filter media pack set.
Evaluation of permeability (k) as a function of media mass at 3% and 5% of Calcium Bentonite
(CaB) proportion when mixed with Sugar Sand.Table 2.3 Third filter media pack set, first phase
(top) and second phase (bottom), with permeability results.: Third filter media pack set, first
phase. Evaluation of permeability (k) as a function of Calcium Bentonite (CaB) proportion when
mixed with Fine Filter Sand.

Table 2.4 Fourth filter media pack set with permeability results. Fourth filter media pack set.
Evaluation of permeability (k) as a function of coarser aggregate blends when mixed with
Calcium Bentonite (CaB) at 3% proportion.Table 2.5 Fifth filter media pack set with permeability
results. Fifth filter media pack set. Evaluation of permeability (k) as a function of coarser
aggregate blends when mixed with Calcium Bentonite (CaB) at 5% and 7% proportion.

Table 2.6 Sixth filter media pack set with permeability and chloride test results. Sixth filter media
pack set. Evaluation of permeability (k) as a function of coarser aggregate blends both with
Calcium Bentonite (CaB) at 4% proportion and with no Calcium Bentonite (CaB). Chloride
concentration measurement of permeant before (Cin) and after (Cout) flow through filter
pack.Table 2.7 Seventh filter media pack set with permeability and chloride test results. Seventh
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filter media pack set. Evaluation of permeability (k) as a function of coarser aggregate blends
both with Calcium Bentonite (CaB) at 4% proportion and with no Calcium Bentonite (CaB).
Chloride concentration measurement of permeant before (Cin) and after (Cout) every 1.0 L of
flow through filter pack.

e Table 2.8 Eighth filter media pack set with and chloride test results. Eighth filter media pack set.
Evaluation of permeability (k) as a function of Fine Filter Sand both with Calcium Bentonite (CaB)
at 4% proportion and with no Calcium Bentonite (CaB). Chloride concentration measurement of
permeant before (Cin) and after (Cout) every 1.0 L of flow through filter pack.

Table 2.1 First filter media pack set with permeability results.

Pack Goal: Evaluation of permeability (k) as a function of Calcium Bentonite (CaB) proportion when mixed with
Sugar Sand.

Filter pack size: 500 g in all columns.

Permeant: Brine of 2.5% sodium chloride salt mixed in 1.000 L stream water in all columns.

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
0% CaB 1% CaB 2% CaB 3% CaB 4% CaB 5% CaB
100% Sugar 99% Sugar Sand = 98% Sugar Sand = 97% Sugar Sand = 96% Sugar Sand =~ 95% Sugar Sand
Sand

k =0.097 cm/s k=0.019 cm/s k =0.015 cm/s k=0.047 cm/s k =0.048 cm/s k=0.021 cm/s
Table 2.2 Second filter media pack set with permeability results.

Pack Goal: Evaluation of permeability (k) as a function of media mass at 3% and 5% of Calcium Bentonite (CaB)
proportion when mixed with Sugar Sand.
Permeant: Brine of 2.5% sodium chloride salt mixed in 1.000 L stream water in all columns.

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6

3% CaB 3% CaB 3% CaB 5% CaB 5% CaB 5% CaB

97% Sugar Sand  97% Sugar Sand = 97% Sugar Sand = 95% Sugar Sand = 95% Sugar Sand = 95% Sugar Sand
500 g media 1000 g media 1500 g media 500 g media 1000 g media 1500 g media

k=0.020 cm/s k=0.024 cm/s k=0.0037cm/s k=0.0014cm/s k=0.0060cm/s  k=0.0019 cm/s
Table 2.3 Third filter media pack set, first phase (top) and second phase (bottom), with permeability results.

Pack Goal: Evaluation of permeability (k) as a function of Calcium Bentonite (CaB) proportion when mixed with
Fine Filter Sand.

Filter pack size: 1000 g in all columns.

Permeant: Brine of 2.5% sodium chloride salt mixed in 1.000 L stream water in all columns.

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6

0% CaB 1% CaB 2% CaB 3% CaB 4% CaB 5% CaB

100% Fine Filter = 99% Fine Filter 98% Fine Filter 97% Fine Filter 96% Fine Filter 95% Fine Filter

Sand Sand Sand Sand Sand Sand

k=0.012 cm/s k=0.0042cm/s  k=0.0036cm/s  k=0.00028 k =0.00077 k = 0.00066
cm/s cm/s cm/s

Pack Goal: Evaluation of permeability (k) as a function of Calcium Bentonite (CaB) proportion when mixed with
Fine Filter Sand.

Filter pack size: 1000 g in all columns.

Permeant: Brine of 2.5% sodium chloride salt mixed in 1.000 L stream water in all columns.
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Column 1 Column 2 Column 3 Column 4 Column 5 Column 6

0% CaB 1% CaB 2% CaB 1.5% CaB 2.5% CaB 3.5% CaB
100% Fine Filter 99% Fine Filter 98% Fine Filter 98.5% Fine 97.5% Fine 96.5% Fine
Sand Sand Sand Filter Sand Filter Sand Filter Sand

k=0.012 cm/s k=0.0042cm/s k=0.0036 cm/s k=0.018 cm/s k=0.0034cm/s k=0.0014 cm/s

Table 2.4 Fourth filter media pack set with permeability results.

Pack Goal: Evaluation of permeability (k) as a function of coarser aggregate blends when mixed with Calcium
Bentonite (CaB) at 3% proportion.

Filter pack size: 1000 g in all columns.
Permeant: Brine of 2.5% sodium chloride salt mixed in 1.000 L stream water in all columns.
Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
3% CaB 3% CaB 3% CaB 3% CaB 3% CaB 3% CaB
97% Pea Stone 77% Pea Stone 77% Pea Stone 57% Pea Stone 57% Pea Stone 57% Pea Stone
20% Sugar Sand = 20% Beach Sand = 40% Sugar Sand = 40% Beach Sand = 20% Sugar Sand

20% Beach Sand
k=0.58 cm/s k =0.508 cm/s k=0.421cm/s k=0.861cm/s k=0.182 cm/s k =0.046 cm/s

Table 2.5 Fifth filter media pack set with permeability results.

Pack Goal: Evaluation of permeability (k) as a function of coarser aggregate blends when mixed with Calcium
Bentonite (CaB) at 5% and 7% proportion.

Filter pack size: 1000 g in all columns.
Permeant: Brine of 2.5% sodium chloride salt mixed in 1.000 L stream water in all columns.
Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
5% CaB 5% CaB 5% CaB 7% CaB 7% CaB 7% CaB
55% Pea Stone 55% Pea Stone 55% Pea Stone 53% Pea Stone 53% Pea Stone 53% Pea Stone
40% Sugar Sand ~ 40% Sugar Sand = 20% Sugar Sand = 40% Sugar Sand = 40% Sugar Sand =~ 20% Sugar Sand

(duplicate of 20% Beach Sand (duplicate of 20% Beach Sand
Column 1) Column 4)
k =0.0057 cm/s k=0.024 cm/s k=0.012 cm/s k =0.000036 k =0.010 cm/s k =0.00084
cm/s cm/s

Table 2.6 Sixth filter media pack set with permeability and chloride test results.

Pack Goal: Evaluation of permeability (k) as a function of coarser aggregate blends both with Calcium Bentonite
(CaB) at 4% proportion and with no Calcium Bentonite (CaB). Chloride concentration measurement of permeant
before (Cin) and after (Cout) flow through filter pack.
Filter pack size: 1000 g in all columns.
Permeant: Brine of 2.5% sodium chloride salt mixed in 1.000 L stream water in all columns.
Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
4% CaB 0% CaB 4% CaB 0% CaB 4% CaB 0% CaB
56% Pea Stone 60% Pea Stone 56% Pea Stone 60% Pea Stone 56% Pea Stone 60% Pea Stone
40% Sugar Sand ~ 40% Sugar Sand = 40% Beach Sand = 40% Beach Sand = 20% Sugar Sand = 20% Sugar Sand

(CaB blank) (CaB blank) 20% Beach Sand = 20% Beach Sand
(CaB blank)
k=0.11 cm/s k=0.26 cm/s k =0.00020 k=0.17 cm/s k=0.053 cm/s k=0.24 cm/s
cm/s
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Column 1
Chloride Cin
16,380 mg/L
Chloride Cout
15,800 mg/L

Column 2
Chloride Cin
16,380 mg/L
Chloride Cout
16,500 mg/L

Column 3
Chloride Cin
16,380 mg/L
Chloride Cout
17,200 mg/L

Column 4
Chloride Cin
16,380 mg/L
Chloride Cout
16,500 mg/L

Column 5
Chloride Cin
16,380 mg/L
Chloride Cout
17,400 mg/L

Table 2.7 Seventh filter media pack set with permeability and chloride test results.

Column 6
Chloride Cin
16,380 mg/L
Chloride Cout
17,500 mg/L

Pack Goal: Evaluation of permeability (k) as a function of coarser aggregate blends both with Calcium Bentonite
(CaB) at 4% proportion and with no Calcium Bentonite (CaB). Chloride concentration measurement of permeant
before (Cin) and after (Cout) every 1.0 L of flow through filter pack.

Filter pack size: 1000 g in all columns.

Permeant: Brine of 2.5% sodium chloride salt mixed in 1.000 L stream water in columns 1, 3, 5 and 6. Stream

water with no salt in columns 2 and 4.

Column 1

4% CaB

56% Pea Stone
40% Sugar Sand

k=0.22 cm/s
2.5% Salt Brine
Permeant
Chloride Cin
16,380 mg/L
Chloride Cout
16,600 mg/L

Column 2

4% CaB

56% Pea Stone
40% Sugar Sand
(duplicate of
Column 1)

k=0.095 cm/s
Blank Permeant

Chloride Cin

0 mg/L
Chloride Cout O
mg/L

Column 3

0% CaB

60% Pea Stone
40% Sugar Sand
(CaB blank)

k=0.23 cm/s
2.5% Salt Brine
Permeant
Chloride Cin
16,380 mg/L
Chloride Cout
16,400 mg/L

Column 4

0% CaB

60% Pea Stone
40% Sugar Sand
(duplicate of
Column 3)

(CaB blank)
k=0.19 cm/s
Blank Permeant

Chloride Cin

0 mg/L
Chloride Cout O
mg/L

Table 2.8 Eighth filter media pack set with and chloride test results.

Column 5

4% CaB

56% Pea Stone
20% Sugar Sand
20% Beach Sand

k=0.035cm/s
2.5% Salt Brine
Permeant
Chloride Cin
16,380 mg/L
Chloride Cout
16,000 mg/L

Column 6

4% CaB

56% Pea Stone
40% Sugar Sand
(duplicate of
Column 1)

k=0.080 cm/s
2.5% Salt Brine
Permeant
Chloride Cin
16,380 mg/L
Chloride Cout
15,700 mg/L

Pack Goal: Evaluation of permeability (k) as a function of Fine Filter Sand both with Calcium Bentonite (CaB) at 4%
proportion and with no Calcium Bentonite (CaB). Chloride concentration measurement of permeant before (Cin)
and after (Cout) every 1.0 L of flow through filter pack.

Filter pack size: 1000 g in all columns.

Permeant: Brine of 2.5% sodium chloride salt mixed in 1.000 L stream water in columns 1, 3, 4, 5 and 6. Stream
water with no salt in column 2.

Column 1

5% CaB

95% Fine Filter
Sand

k =0.00020
cm/s

2.5% Salt Brine
Permeant

Column 2

4% CaB

96% Fine Filter
Sand

k =0.0026
cm/s
Blank Permeant

Column 3

4% CaB

96% Fine Filter
Sand (duplicate
of Column 2)

k =0.0074
cm/s

2.5% Salt Brine
Permeant

Column 4

0% CaB

100% Fine Filter
Sand

(CaB blank)
k=0.021 cm/s

2.5% Salt Brine
Permeant

Column 5

3% CaB

97% Fine Filter
Sand

k =0.0093 cm/s

2.5% Salt Brine
Permeant

Column 6

4% CaB

96% Fine Filter
Sand (duplicate
of Column 2)
k=0.012 cm/s

2.5% Salt Brine
Permeant



Chloride Cin Chloride Cin O Chloride Cin Chloride Cin O Chloride Cin Chloride Cin

16,380 mg/L mg/L 16,380 mg/L mg/L 16,380 mg/L 16,380 mg/L
Chloride Cout Chloride Cout O Chloride Cout Chloride Cout Chloride Cout Chloride Cout
16,000 mg/L mg/L 15,500 mg/L 15,700 mg/L 15,900 mg/L 16,100 mg/L

Appendix B contains the filter pack logs and analyses for filter pack sets one through six. Appendices C

and D contain the filter pack logs and analyses for filter pack sets seven and eight, respectively, including

for each filter pack set:

e Permeability by Flow Analyses

e Chloride by Flow Analyses

e Chloride Mass Sum by Flow Analyses
o Alkalinity by Flow Analyses

e Brine Stock Measurements

e Stream Water Measurements

2.4 Evaluation

In reviewing the results shown in the tables and the appendices, the following evaluation points may be

made:

Permeability needs to be high enough for flow to occur at levels conducive to roadway drainage,
but slow enough to allow the calcium bentonite and chloride to make contact and bond.

a. Recommend aiming for no lower than 0.01 cm/s. For a roadway ditch at 2% slope, this
permeability would result in an apparent velocity of 0.6 ft/day, a result that is clearly too
low for rainstorm runoff situations but that fits with anecdotal observations of snow
melt out in spring conditions of Southern Minnesota.

Fine particles, those passing a #200 sieve (opening size 0.075 mm) have great effect on
permeability, cutting permeability levels by ten-fold or more for an increase of just 2% of fines
when at low (<5% levels). Blending in coarse material to adjust the proportion of fines down can
increase permeability.

Filter pack materials can have variability of 10-fold (i.e., order of magnitude) differences in
permeability for similar composition of blends when mixed with calcium bentonite. Trends of
decreasing permeability with increasing levels of fines in blends also exhibit such large levels of
variability even though the overall trend directions align. Clearly, less than perfect mixing
resulting in formation of blocking layers can occur, though perhaps not in visible layers.
Hydration of calcium bentonite clay in filter pack blends is needed to swell the clay and achieve
a representation of long-term, not initial, permeability. Water seems to flow around dry calcium
bentonite when first hydrating, increasing permeability above (faster than) levels associated
with fully hydrated conditions.

Salt brine flow through fully hydrated filter pack materials, whether with granular aggregate
alone or with calcium bentonite, does not measurably “squeeze off” flow and cause lower
permeability, at least in the exposure levels of up to 6 L of salt brine used in this experiment.
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6. Evaluation of chloride measurement precision was done during the Seventh Filter Pack Set

experiments using results from seven measurements of chloride in the salt brine stock for
Column 3 as mixed and prior to contact with filter pack material. Precision, represented by the
standard deviation of the measurements, was 330 ppm for an average concentration of 16,380
ppm, a relative standard deviation of 2.01% (within a single brine stock). Precision measured
between nine salt brine stocks prepared for different columns was done in the Eighth Filter Pack
Set and resulted in a standard deviation of 396 ppm for an average concentration of 16,122

ppm, a relative standard deviation of 2.46% (between brine stocks).
7. No chloride was measured in filter pack effluent when the permeant had no chloride mixed in to
the influent (a “salt blank”). This result was interpreted as indicating that neither the calcium

bentonite nor the granular aggregates released or contributed chloride into permeant flow.
Evaluating the results of the Seventh Filter Pack Set (Table 2and Appendix C), particularly focusing on
the results shown in the Chloride Through Treatment Media by Brine Flow graph, several observations
can be made about chloride capture:

a.

Chloride in the effluent of a filter pack with no calcium bentonite (“CaB blank”) mirrors
the chloride value of the influent salt brine, suggesting that a filter pack with no calcium
bentonite removes no chloride.

Calcium bentonite treatment pack seems to lower chloride level by about 0.5 to 1.0 g/L
in two of the three columns, when observed across 6 L of brine flow through the pack,
compared to the CaB blank. Chloride levels in the influent and the filter pack with no
calcium bentonite are approximately 16.4 g/L. Therefore, the reduction in chloride is
approximately 3 to 6% from influent levels when permeated through a filter pack with
calcium bentonite, a value larger than the precision level suggesting a significant if not
large removal.

The third column with calcium bentonite in the treatment pack (describe in (b) above)
that did not appear to remove chloride had a comparably high permeability for the level
of calcium bentonite in the filter pack. Itis therefore interpreted as removal was
affected by quicker flow and less residence time with chloride permeant next to the
calcium bentonite.

Evaluating the results of the Eighth Filter Pack Set (Table 2 and Appendix D), particularly focusing on the
results shown in the Chloride Through Treatment Media by Brine Flow graph, several observations can
be made about chloride capture:

d. As with the Seventh Filter Pack Set, chloride in the effluent of the CaB blank filter pack

mirrors the chloride value of the influent salt brine, suggesting that a CaB blank filter
pack removes no chloride.

Similarly when compared to the evaluation of the Seventh Filter Pack Set, calcium
bentonite filter pack seems to consistently lower chloride level by about 0.5 to 1.0 g/L
(approximately 3 to 6% from influent levels), when observed across 6 L of brine flow
through the pack, compared to the CaB blank filter pack.

Concentrations of calcium bentonite varying from 3% to 5% in the filter pack all had
chloride levels lower in the effluent than in the influent, consistent with the
observations of the Seventh Filter Pack Set.
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g. Increasing calcium bentonite levels from 3% to 4% to 5% did not appreciably result in
increased lowering of chloride concentrations; there did not seem to be a calcium
bentonite mass effect once calcium bentonite was included at a level of at least 3%.

h. Duplicate filter packs of 4% calcium bentonite exhibited similar chloride capture
behavior and effect, within the range of precision for the analytical method.

i. The filter pack with 5% calcium bentonite mixed with Fine Filter Sand granular aggregate
nearly stopped all flow, with a very low permeability value of 0.00020 cm/s, a value 50
times below the threshold recommended in (1.a) above. Continuing the illustration
used in (1.a) above, such a permeability level in treatment media in a roadway ditch at
2% slope, this permeability would result in an apparent velocity of 0.012 ft/day, or
about 4 ft/year, a wholly unacceptable flow velocity even under snow melt out
conditions.

2.5 Conclusions

Chloride capture by flow through treatment media when calcium bentonite is incorporated was
observed, though at quite low levels of 3 to 6%. This result suggests that treatment flow lengths greater
than the 32 cm (approximately 1 ft) is required. Such evaluation fits well with the experimental goals of
the scale waterways tests described in Chapter 3.

Permeability levels are highly influenced by the fine particle amount from both the granular aggregate
fines and the calcium bentonite used for chloride capture. Filter pack design must balance achieving a
flow high enough to pass snow melt flows in a roadside ditch installation while accomplishing chloride-
to-calcium bentonite contact of sufficient time such that chloride capture occurs.

Chloride measurement techniques support the analytical requirements of this project with a precision
determined to be plus or minus approximately 2% of the full chloride measurement when working with
salt brine at 2.5% concentration.
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Chapter 3: Bench Scale Waterway Study

From the column studies described in Chapter 2 came evaluations of (a) the relationships between
materials and permeability to achieve sufficient drainage flow; and (b) the capacity of the calcium
bentonite to absorb the chloride component of salt from the drainage. Laboratory bench-scale
experiments were then used for the evaluation of hydraulic flow and factors of salt capture related to
flow-through, permeable bags of treatment media. These experiments were primarily in a 1/8" scale
waterway model under conditions including deep frost and frozen media to be expected during a winter
installation. The results of these experiments provided insight to design of in-ditch salt capture
techniques based on mitigation of chloride migration through absorption and capture in a manufactured
backfill media.

Figure 3-1is an illustration of a possible configuration of in-ditch treatment for salt capture, sketched in
an actual state highway drainage ditch during winter melt-out conditions; this illustration helped guide
the bench-scale experiments.

"““l’(’ :
SEE TS

Figure 3.1 lllustration of a possible configuration of in-ditch treatment for salt capture, sketched onto an actual
state highway drainage ditch during winter melt-out conditions.
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3.1 Materials

For this task, two new materials were added to those materials already described in Chapter 2:

e Geotextile, used for making “flow-through bags” that contained the treatment media, consisting
of Mirafi 140N geotextile (TenCate Geosynthetics Americas, A Solmax Company, Pendergrass,
GA) (Table 3.1); and,

e Ziplock “sandwich” seal top bags, 6.5 inches by 6 inches, made of linear low density
polyethylene (LLDPE) (S.C. Johnson & Son, Inc., Racine WI).

Table 3.1 Geotextile characteristics, from the 2024 Geosynthetics Specifier’s Guide (Bygness, 2024).

Characteristic Value
Material Polypropylene
Manufacture non-woven, needle-punched
Apparent Opening Size (ASTM D4491) 70 sieve/.212 mm
Flow Rate (constant head test) 135 gal/min/ft2
Puncture Resistance (ASTM D4533 3101b
Trapezoid Tearing Strength (ASTM D4533) 501b x501b

Materials previously used as part of the column study described in Chapter 2 and used during the
evaluations described here included:

e (Calcium bentonite (CaB);
e Filter aggregates, including:
o Beach sand;
o Peastone; and,
o Sunrise granite crushed stone.
e Salt; and,
e Stream water.

3.2 Methods

Evaluations were done in three different experimental unit configurations. First, waterway experiments
were conducted in a 1/8" scale (“bench-scale”) model waterway that was configured to replicate a
highway drainage ditch (Figure 3.2). The waterway was constructed in a 12-inch wide by 6-inch-deep
channel, lined with plastic membrane, geotextile, and a second plastic membrane (Figure 3.3). The
plastic membranes prevented water loss through the bottom of the channel, and the geotextile
provided cushioning. Pea stone was placed above the geotextile and below the upper plastic membrane
to create a bottom shaped to be 4 inches wide flanked by 4-inch side slopes at a 1 vertical:4 horizontal
slope, matching slopes typically used for highway ditches.
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Figure 3.2 Waterway channel in operation with flowin