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FOREWORD

This report was prepared by Environmental Services & Technology,
located in Kansas City, Missouri under USBM Contract number
J0218024. The contract was initiated under the Mining Research
Program. It was administered under the technical direction of
the Twin Cities Research Center with Mr. Keith S. Olson acting
as Technical Project Officer. Mrs. Sandra Schlesier was the
contract admisistrator for the Bureau of Mines. This report is a
summary of the work recently completed as part of this contract
during the period October 1982 through February 1983. This
report was submitted by the authors on February 28, 1983.

The authors wish to thank the following organizations for their
aid in this study. National Steel Pellet Co. for providing the
site, facilities, and complimentary use of their Nalco 656 & 655
chemical stabilizers for the field testing effort. Bagley
Sodding Company for their aid in applying the chemical
stabilizers. Flambeau Paper Co. for the complimentary use of the
calcium lignosulfonate. Great Lakes Minerals and Chemical Co.
for the complimentary use the magnesium chloride. Witco Chemical
Co. for the complimentary use of Coherex.
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1.0 EXECUTIVE SUMMARY

The purpose of this study was to evaluate the state of the art in
chemically stabilizing active tailings ponds. From this evaluation,
criteria were developed and tested under field conditions to aid the
manager of a tailings basin to select the best chemicals for
stabilizing the surfaces of active tailings ponds.

Industrial generated tailings are a by-product of many different
mining and milling industries. They include the taconite, copper,
lead-zinc, and uranium industries. Many hundreds of acres of exposed
fine tailings can be identified at many of these industrial plants.
During periods of high wind velocities, these tailings are capable
of blowing and drifting, similiar to sand in the desert. The
resulting wind generated dust emissions can cause short term
particulate matter air quality violations, impair visibility, and
physically drift the tailings onto adjacent land areas.

Over one billion tons of tailings are produced annually in the
United States. The tailings, the unwanted waste material from the
ore separation process, are usually discarded into water ponds. The
majority of the tailings are kept under water or kept moist to
mitigate wind erosion. Tailings placed in water ponds are said to be
in active storage. When the pond becomes full of tailings or the
water level is lowered, the tailings dry rapidly and are quite
susceptible to wind erosion.

Normally, the primary area of concern for dust control purposes in a
tailings pond are the beach areas. This area is characterized by the
exposed tailings stretching from the spigot or discharge point to
the water of the pond. The length of this area can range from a few
feet to hundreds of feet.

Tailings when discharged onto the beach areas tend to deposit in a
size segregated manner. The coarser, heavier tailings settle near
the discharge point while the finer tailings settle further from
this point. The beach area can have a wide range of tailings
particle sizes exposed on the surface. The fine particles termed
silt, are ideally suitable for suspension during periods of high
winds. The coarser particles aid the wind erosion process by
saltating or bumping along the tailings surface during periods of
high winds, dislodging fine particles into suspension.

The research in this study was divided into two major phases: (a)
conducting the state of the art survey in tailings dust control, and
(b) developing and field testing criteria which can be used to
select chemical stabilizers.

The first phase of the study consisted of acquiring information
concerning tailings dust control. Information was gathered from a
search of the published literature, contact with vendors of chemical
stabilizers, and contact with vendors of equipment necessary to
apply the chemical stabilizers. Additionally, a number of mining






companies were surveyed to gather information concerning their
experience with tailings dust control measures. It was found that
few companies have had dust control programs for more than five
years. There is considerable experimentation being performed by
these companies to establish their dust control programs. Many of
these experimental programs lead to inconclusive results because the
means of testing the effectiveness over time of the applied chemical
stabilizers is not being properly performed.

The final phase of the study consisted of developing a set of
criteria which could be used by the manager of a tailings basin to
evaluate the effectiveness of a dust control program. The general
evaluation criteria developed included: (a) Dust Control
Effectiveness, (b) Meteorology, (c¢) Tailings Characteristics, (4)
Toxicity Of The Chemical Stabilizer, (e) Laboratory Testing, (f)
Costs ASSOCIATED With Using The Chemical Stabilizer, (g) Product
Usage Requirements, and (h) Product Cost Effectiveness.

After the selection criteria were established, a field test program
was performed to gather information on four representative chemical
stabilizers and evaluate them according to the established criteria.
The four types of chemical stabilizers selected for the field work
consisted of a petroleum resin, lignosulfonate, latex, and a salt
based product.

In order to determine the control effectiveness over time of the
applied chemical stabilizers, an in-situ portable field wind tunnel
was utilized. The wind tunnel has an open-bottom working section
which sets over the exposed tailings. Wind speeds up to 80 mph can
be simulated over the tailings surface to create erosion. The wind
tunnel was used to determine the threshold velocity (the wind speed
where erosion begins) over time as well as particle emission factors
at various wind velocities. A cascade impactor with an isokinetic
sampling probe, utilizing a procedure similiar to standard
industrial stack testing, was used for emission factor
determination. From this information, control efficiencies over time
of the four field tested chemical stabilizers were determined.

After determination of control effectiveness, the cost effectiveness
of the applied chemical stabilizers was determined. Cost
effectiveness is defined as the dollars expended per acre for dust
control necessary to achieve a desired level of control over a
typical wind erosion season. The lower the cost effectiveness value,
the more efficient a product is in reducing wind erosion dust
emissions. Based on the field testing performed in this study in the
Iron Range of northern Minnesota, the general order of cost
effectiveness from most to least was: lignosulfonate, latex,
petroleum resin, and the salt. It was estimated that had the testing
been performed in the western United States, under the same
conditions affecting the longevity of the chemical stabilizers, the
general order of cost effectiveness would have been: latex,
lignosulfonate, petroleum resin, and salt.



2.0 INTRODUCTION

This section introduces the program objective and the various
tasks undertaken to meet this objective.

2.1 Program Objective

The overall objective of this study was to determine the state
of the art in chemically stabilizing the beach areas of active
tailings ponds in the United States. From the acquired
information, criteria were developed and field tested to enable
the manager of a tailings basin to select the best chemical(s)
for stabilizing the surfaces of the tailings beach areas.

2.2 Identification Of Major Program Tasks

In order to meet the program objectives discussed in Section
2.1, the study was divided into two major phases. The objective
of Phase I was to conduct the state of the art survey concerning
the chemical stabilization of tailings. The objective of Phase
II was to acquire and field test the effectiveness of a number
of stabilization products., The tasks required to meet the
objectives of the two phases are identified in Table 1.

Table 1. Identification Of Major Tasks

Phase I - Conduct State Of The Art Survey
Task 1: Information Search
Task 2: Site Surveys
Task 3: Laboratory Screening Procedures
Task 4: Prepare Field Test Plan

Phase II Field Testing
Task 1l: Site Survey
Task 2: Acquire and Apply Chemical Stabilizers
Task 3: Field Testing, Periods 1-9

10



3.0 CONDUCT STATE OF THE ART SURVEY

3.1 Information Search

The search for information concerning the chemical stabilization
of tailings included a literature search, contact with vendors
of chemical stabilizers, contact with vendors of specialized
application equipment, and contact with plants which have
experience in using chemical stabilizers.

3.1.1 Literature Search

The literature search consisted of reviewing inhouse files on
chemical dust control programs, reviewing information gathered
by the Bureau Of Mines on the subject and performing a
computerized literature search.

Eight major topic areas and over 75 papers were identified from
the literature search. A bibliography of the items identified in
the search is presented in Appendix A. The Lockheed Dialogue
Information System, with access to over 100 literature files,
was utilized for the computerized search.

3.1.2 Chemical Stabilizers

Seven major categories of dust control chemicals were identified
as having potential for the control of wind erosion dust
emissions from tailings ponds. These major categories of
chemical stabilizers include: (a) Fabrics, (b) Latexes, (c¢)
Lignosulfonates, (d) Petroleum Resins, (e) Plastics, (f) Salts,
and (g) Wetting Agents. Representative products from these seven
major categories are presented in Appendix B.

Fabrics are not a major form of dust control for tailings.
Occasionally, it has been found that cheesecloth, plastic, and
burlap type materials have been used for physical cover.

Latexes are an emulsion of rubber or plastic-type materials
which act to bind together the surface fines. Latex products are
delivered in concentrated form and are diluted with water at
levels of 80:1 to 99:1. Latex products have been used throughout
the mining industry and two representatives of this category,
IDA 656 & 655 distributed by Nalco Chemical Co., were field
tested in this study.

Lignosulfonates are by-products of the sulfite pulping process.

They are a solution of the lignins and sugars which hold
together the cellulose fiber of trees. The lignosulfonate as a

11



chemical stabilizer is delivered as a 50% solution. For
application purposes, this is diluted with water to 4:1 to 12:1.
Lignosulfonate products have been used extensively throughout
the mining industry for dust control purposes and a
representative of this category, Flambinder (calcium
lignosulfonate) distributed by Flambeau Paper Co., was field
tested in this study.

Petroleum resins are by-products of the o0il distillation
process. They are usually found as emulsions (40-60% solids),
and are diluted with water to 4:1 to 15:1. Petroleum resins have
been used extensively for dust control purposes in the mining
industry, and a representative, Coherex, distributed by Witco
Chemical Co., was field tested in this study.

Plastics, as chemical stabilizers, are are usually an emulsion
of polymer materials. They are characterized by forming a film
over the surface of particles rather than binding together
individual particles. Plastic products are delivered in
concentrated form and are usually diluted with water to 6:1 to
40:1. Plastics are not widely used as dust control chemicals
within the mining industry.

Salts are materials having deliquescent properties, that is, the
ability to absorb and retain moisture from the atmosphere.
Examples of salts used as chemical stabilizers include magnesium
chloride and calcium chloride. They are usually applied without
dilution in the liquid concentrated form (approximately 30%
solids). Salts are used in the mining industry for dust control
purposes, and a representative of this category, magnesium
chloride, distributed by Great Salt Lake Mineral and Chemical
Co., was field tested in this study.

Wetting Agents or surfactants reduce the surface tension of
water enabling it to spread more readily through the surface of
the tailings. No mines contacted had used wetting agents as a
dust control measure. Wetting agents are used as an ingredient
in many chemical stabilizers to aid in the dispersal of the
binding products.

3.1.3 Application Equipment

As part of the literature search, a number of companies were
contacted which manufacture high floatation wheeled vehicles
that apply liquid solutions to soil surfaces. These vehicles are
primarily marketed as agricultural fertilizer sprayers or
municipal sewage treatment plant sludge/land application
sprayers. Appendix C presents a summary of the companies
contacted. The capacity of the holding tanks on the vehicles
range from 1,000 to 2,800 gallons.

Capacity is an important criteria to consider when selecting a
vehicle since the larger the capacity the more acreage can be

12



treated before refilling. Normally, chemical stabilizers are
applied at an application dosage of 1,000 gallons per acre.
Usually, plants have 50 to 100 acres of tailings to treat, so
repeated refilling of the commercially available vehicles is
required.

The time required for refilling can be minimized if a larger
water truck having premixed chemicals available is positioned
near the site of application. This would minimize the travel
time required to refill the application vehicle, relative to
having to travel to a plant staging area to refill. Vehicles
having tires versus tracks were preferred by plant personnel
surveyed, because wheeled vehicles can travel faster than
tracked vehicles to the refilling site.

The costs of the vehicles range from approximately $50,000 to
$150,000. In addition, to the application vehicle, ancillary
equipment such as storage tanks and associated pumping systems
may be required for longterm usage of chemical stabilizers.

3.2 Site Surveys

A number of plants were contacted by telephone and site visit to
acquire information concerning the dust control programs for
their tailings basins. Appendix D list those companies contacted
which shared considerable information.

Based on the information gathered from taconite, copper,
uranium/vanadium, and molydenum plants, a general profile of
dust control programs was developed. Almost all of the plants
surveyed started dust control programs to either minimize
complaints from citizens living near the tailings basins or to
comply with the regulations of governmental organizations. Many
of the companies had no previous experience in dust control, and
experimented, with various degrees of success, with a variety of
chemical stabilizers. Some companies have experimented for over
10 years and are still searching for the product to suit their
needs.

A problem all companies had to remedy was the type of equipment
they could use to apply the chemicals. Normal water wagons, the
plants had to spray unpaved plant roadways, did not have the
floatation necessary to manuever over the tailings. Many of the
plants constructed their own vehicles to suit their needs.

The plants surveyed had tailings characteristics which were wide
ranging. Some plants have tailings with silt contents (that
portion of the tailings less than 74 micrometers as determined
by dry sieving) ranging from 50 to 90%, while others have
tailings ranging in silt content from 5 to 30%.

The meteorological conditions affecting tailings wind erosion
varied over the plants surveyed. Most plants experienced their

13



highest wind speeds in the spring and fall seasons. Plants in
the northern United States, where temperatures may get below -20
degrees F, experience freeze-drying of the tailings surface. In
these instances, chemical stabilizers are required to mitigate
wind erosion caused by winter winds. Some plants are located in
areas having considerable rainfall over the wind erosion periods
of the year. This rainfall may cause the chemicals to leach from
the surface after amounts of 0.5 inch have fallen.

3.3 Laboratory Screening Procedures

Two laboratory tests have been identified to screen chemical
stabilizer products in the mining and milling industry and are
termed permeability and recovery tests. Permeability tests have
been used to determine whether a stabilizer may have an adverse
effect on the stability of a tailings dam. The laboratory
permeability testing is performed by treating the tailings
surface with a chemical stabilizer and recording the rate of
water percolating through the treated surface. Subsequent
treated layers of tailings are placed over the previously
treated surfaces to find whether the repeated chemical
treatments affect permeability. For new dams, it is believed by
one mining company contacted, that successive applications of
certain chemical stabilizers, may impede the ability of water to
percolate through the treated layers, creating an overall
stability problem.

Recovery testing involves assessing the potential a chemical
stabilizer may have in upsetting the critical ore flotation
process. Tests are performed consisting of incorporating various
concentrations of a chemical stabilizer into the process water,
which is used in the floatation/recovery process. Should normal
or expected worst case concentration levels of the chemical
stabilizer in the process water upset this process, the
stabilizer will be removed from further evaluation.

3.4 Field Test Plan

Phase II of the study consisted of field testing representative
chemical stabilizers and rating them according to established
judgement criteria. A field test plan was developed to
establish: the judgement criteria to be used to evaluate the
chemical stabilizers, and the methodology for performing the
field work.

3.4.1 Evaluation Criteria
There are a variety of generic categories of chemical dust

suppressants available for dust control purposes. In the past,
for controlling dust emissions from tailings ponds, salts,
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lignosulfonates, latexes, and petroleum resins have
predominately been used. For the field study, products from
these four generic categores were selected for evaluation. The
dust control products include: Flambinder (calcium
lignosulfonate), Coherex (petroleum resein), Nalco 656 & 655
(latexes), and magnesium chloride (salts).

Table 2 presents the field evaluation criteria which were
selected to determine the effectiveness over time of the
selected chemical stabilizers.

Table 2. Evaluation Criteria

Dust Control Effectiveness: Temporal Wind Erosion
Threshold Velocity Measurements; Temporal Emission
Factor Measurements

Meteorology: Precipatation; Wind Speed; Freeze/Thaw

Tailings Characteristics: Spatial and Temporal Silt and
Moisture Content Variations

Product Usage Requirements: Delivery; Storage; Application
Procedures

Costs: Product; Shipping; Labor; and Equipment

Cost Effectiveness: Dollars Expended Per Acre To Achieve
An Acceptable Level of Control Over Time

3.4.2 Field Testing Methodology

The basic procedure developed for evaluating the various
chemicals was to apply them at one location, side-by-side, on
one half acre test plots. Each type of chemical was to be
evaluated at the vendor or industry normal application dosage
level and at an alternate dosage level. This variation was to
test the apparent sensitivity of dosage level to control
effectiveness.

The means to test the effectiveness of the chemical stabilizers
employed two procedures. First, an in-situ portable field wind
tunnel was used to: (a) determine the threshold velocity, (that
speed of the wind which initiates the wind erosion process), and
(b) determine dust emission factors over time at various
simulated wind speeds. A real-time cascade impactor was used to
collect isokinetic particle samples from the wind tunnel.

15



The second means of determining product control effectiveness
was to measure the silt content over time of the treated
tailings. Since the chemical stabilizers selected for the field
study bind together surface fines, an increase of silt content
after chemical application, should be related to decreases in
control efficiency as measured by the threshold velocity of the
wind tunnel.

Field testing was proposed immediately after product application
and at two week intervals thereafter. It was proposed that
during each field measurement period each test plot be tested
to: (a) determine the wind erosion threshold velocity, (b)
obtain dust emission factors at velocities higher than the
threshold (equivalent 10 meter high velocities of 20, 30, 40,
and 50 mph), and (c) collect representative surface tailings
samples to determine the silt and moisture content of the
stabilized tailings.

16



4,0 FIELD TESTING

Four major types of chemical stabilizers were evaluated under
field conditions. The chemical stabilizers included a petroleum
resin, lignosulfonate, latex, and salt product.

The following sections describe the procedures followed for the
field evaluation of the chemicals including; preparation,
chemical appplication, and field sampling procedures.

4.1 Preparation

4.1.1 Site Selection

Based on the information gathered from the field trips performed
in Phase I, it was decided the location for the field testing of
the chemical stabilizers be performed in the Mesabi Iron Range
of northern Minnesota. This general location was chosen because
of the numerous plants from which to choose to perform the
testing, and the availability of proper chemical application
equipment.

Three plants within the Mesabi Iron Range were surveyed during
the week of May 10, 1982, Based on the results of the survey,
the tailings basin at the National Steel Pellet Company located
near Keewatin, Minnesota was chosen. The plant had numerous
areas of accessible untreated tailings which could be set aside
prior to revegetation, for the application of test chemical
stabilizers. Plant personnel agreed to vegetate the immediate
areas surrounding the test plots to mitigate the deposition of
wind blown tailings onto the treated test plots.

4.1.2 Test Plot Location And Size

The area used for the test plots were 857 feet in length and 208
feet wide, or approximately four acres overall. The individual
test plots were 104 feet wide by 208 feet in length,
approximately one half acre in size. The uncontrolled test plot
was 25 feet wide by 208 feet in length and located in the center
of the test plot area. Figure 1 presents the general layout of
the test plot area.

The test plot area was located in a large open tailings field
partially re-vegetated and interdispersed with outcroppings of
dead, partially covered trees. To the north and south boundaries
were open areas of tailings, while the east was bounded with
trees. The west side of the test plot area was bounded by a
slope resulting from the old spigot line. The tailings were

17
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generally coarser near the west end of the plot and finer near
the east. Figure 9, in Section 4.3.3, presents the surface silt
content of the tailings test plots prior to chemical stabilizer
application. A slight slope was evident running from west to
east.

The test plots were oriented in a north/south direction with
Coherex 12:1 being the farthest north plot and magnesium
chloride-wet being the most southern,

4.1.3 Chemical Stabilizers Selected

Four major types of chemical stabilizers were evaluated during
the field testing. Table 3. presents the chemical stabilizers.

Table 3. Chemical Stabilizers Evaluated For Effectiveness

Type Product Vendor

Petroleum Resin Coherex Witco Chemical Co.

Lignosulfonate Calcium Flambeau Paper Co.
Lignosulfonate

Latex Nalco 656 & 655 Nalco Chemical Co.

Salt Magnesium Great Salt Lake
Chloride Minerals & Chemicals

Corp.

Coherex and calcium lignosulfonate were chosen due to their
prevalent use within the mining industry. The two Nalco Chemical
Co. products were chosen as a representative of the latex group
of dust control chemicals and because they are starting to be
used throughout the mining industry. The magnesium chloride, a
relatively new product compared to Coherex and the
lignosulfonate, was chosen as a representative of the salt group
of dust control chemicals. Magnesium chloride has just recently
been marketed as a dust control chemical for the mining
industry.

4.2. Application Of Chemical Stabilizers

The various chemical stabilizers were applied onto the surface
of the tailings with a specialized spray vehicle. Bagley Sodding
Co. of Bemidji, Minnesota was contracted to apply the chemicals.
The vehicle they used for application was an Ag-Chem Co.
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Ag-Gator 1004, high floatation spray vehicle. The unit had a
1,000 gallon holding tank with internal mixing capabilities to
keep the chemicals in solution after they were diluted with
water. The spray boom on the vehicle was 50 feet in length and
was capable of applying chemical at a spray pressure of up to 40
pounds per square inch. The floatation rating of the vehicle was
14 pounds per square inch,

The selected chemical stabilizers were applied on eight half
acre plots. Two application dosages were tried per chemical,
except for the magnesium chloride. This was done to note
differences within the intensity of application per chemical.
Table 4 presents the application dosage and dilution ratio of
the applied dust control chemicals.

Table 4. Chemical Stabilizer Application Data

Application: Dosage Dilution
Chemical (gal/yd2) (H20:Product)
Coherex 0.25 12:1
Coherex 0.25 9:1
Calcium lignosulfonate 0.25 8:1
Calcium lignosulfonate 0.25 4:1
Nalco 655 0.25 98:2
Nalco 656 0.25 99.25:0.75
Magnesium chloride 0.50 (a) 65:35 (c)
Magnesium chloride 0.50 (b) 65:35 (¢)

(a) Product was applied directly to dry tailings

(b) Tailings surface was wetted to a depth of 1/2 inch
prior to applying the product.

(c) Applied as a 35% brine, as received from the vendor.

The above application dosages and dilution ratios were obtained
either from the product vendors or from information gathered
from mining personnel who have used the products in the past.
Aside from the two Nalco products, the second of the
application/dilution data for the chemicals in Table 4 is the
recommended usage for the chemicals. The first
application/dilution values for the chemicals are alternate
values selected to note what effect altering the amount of
chemical applied would have on control effectiveness.

For the magnesium chloride the amount of chemical applied was
not altered, however, the manner of application was. It was
recommended by the product vendor that the surface of the
tailings be wetted approximately 1/2 inch prior to chemical
application. This wetting of the surface aids the dispersal of
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the chemical throughout the surface, as well as providing the
moisture neccessary to trigger the deliquescent properties of
the chemical. To test whether the wetting of the tailings
surface was necessary to achieve efficient control, one test
plot was properly wetted and one test plot was left dry, prior
to application.

For the Nalco Chemical Co. products, the application/dilution
stengths of one specific chemical were not altered, however, two
similiar products were evaluated.

The time required to place the chemicals on the test plots was
two days. Considerable time was spent in cleaning the tank and
other parts of the application vehicle when changing chemicals.
This was done to mitigate any chemical reactions which could
occur from residual chemical left in the holding tank. The
magnesium chloride had an unknown substance in solution which
clogged the spray nozzles of the application vehicle.
Considerable time was spent in cleaning the spray nozzles and
cleaning the interior of the holding tank to remedy the problem.
The unknown substance was later identified as an ammonium
chloride precipitate. The reason the precipitate was found in
the solution was not identified.

Figures 2 and 3 present photographs of the field application of
the chemical stabilizers and a portion of the tailings which
were recently treated with dust control products.

4.3 Field Sampling Procedures

4.3.1 Equipment

The primary instrument which was used to measure the long term
effectiveness of the chemical stabilizers is the ES&T portable
field wind tunnel as described in Figure 4. The wind tunnel is
very similiar in design as the wind tunnel developed by the
National Center For Atmospheric Research (NCAR)(1l). The wind
tunnel has an open bottom working section constructed of clear
Lucite SAR having interior dimensions of 96 inches by 6 inches.
As air is drawn into the inlet of the wind tunnel, it is
straightened and develops turbulence as it proceeds through the
working section. The developing turbulence erodes the tailings
surface particles. Wind speeds up to 50 mph can be generated
within the six inch high tunnel working section. This air
velocity is equivalent to approximately 80 mph at an
extrapolated height of 10 meters.

After the working section, the particle laden air enters the
test section of the wind tunnel. Here the airflow is

straightened and slowed to enable isokinetic particle sampling.
A sample flow splitting device is used to collect representative
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Figure 2 Application of Chemical Stabilizers

The application vehicle is an Ag-Chem Co., Ag-Gator 1004. The
vehicle has a 1,000 gallon holding tank with a spray boom having
11 spray nozzles and an overall length of 50 feet. The
floatation rating of the vehicle is 14 pounds per square inch.
The vehicle in the photograph is starting to apply a chemical
stabilizer onto a portion of a 208 by 104 foot test plot. The
area to the immediate right of the spray pattern is a test plot
treated with another chemical stabilizer within the last 24
hours. The area ahead of the vehicle has not been previously
treated. Although the area of the test plot, which is being
sprayed, appears noticeably wet, the chemical stabilizer is
absorbed readily by the dry, fine tailings.
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Figure 3 Test Plot Areas Treated With Chemical Stabilizers

The test plot area (the tailings surface which is noticeably
dark) is photographed, looking east, from the location of the
old spigot line. The treated plot area is 208 feet in distance
from the foreground to the general area of the trees. The
tailings in the foreground are coarser in texture than the
treated tailings. The tailings in the areas of the partially
covered trees are finer in texture than the treated tailings.
Shown in the photograph are two recently treated areas, Coherex
to the left and lignosulfonate to the right. The tire tracks of
the application vehicle are noticeable. The vehicle tires left
an impression in the tailings of a depth of one inch.
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particulate sample (2). Sampling velocities in the test section
range from 5 mph to 20 mph. The position of the particle
sampling inlet nozzle is eight diameters downstream from any
bend or constriction and two diameters upstream from any
disturbance. This allows for sampling in non-turbulent air flow.

The particle sampling instrument used in the study was the
California Measurements, PC-2 Cascade Impactor. This instrument
operates with a quartz crystal for an impactor stage allowing
for near real-time display of sampled particle concentration and
aerodynamic particle size distribution. The detection level of
the instrument is quite sensitive, enabling the operator to
obtain an adequate sample in a brief time period (2,3).

A standard pitot tube was used to measure the velocity in both
the working and test sections of the wind tunnel. A portable,
2000 watt electric generator was used for power. The
instrumentation was moved over the tailings by means of a
4-wheel drive pickup truck.

Figures 5 and 6 present photographs of the wind tunnel and the
cascade impactor used for the field sampling.

4.3.2 Wind Tunnel Testing Procedure

The portable field wind tunnel was used to quantify over time
the decay in the effectiveness of the chemical stabilizers. Six
test periods, scheduled evenly over a four month period, were
used to determine the decay rate. This time period of four
months corresponds with the typical length of time the chemical
stabilizers were believed to be effective.

The testing procedure utilizing the wind tunnel follows:

1. After the tunnel has been assembled and checked for air
leakage in the working section, the air speed in the tunnel
is slowly raised to the point where surface particles in
the working section begin to visibly move. This velocity is
termed the threshold velocity.

2. The air flow is slowed to below the threshold and a
vertical velocity profile of the air flow is taken
within the the working section. This velocity traverse
will identify the slope of the logarithmic wind
profile within the 15.2 centimeter (6 inch) high
tunnel working section. Traverse points are taken
at heights above the ground of 0.5, 1.0, 2.0, 3.8,
7.6, 10.0, and 15.0 centimeters. From this profile,
Zo, or the height above the ground at which the
horizontal air speed is zero mph, is determined by
extrapolation. An example is shown in Figure 7.

Zo is used to determine what centerline (7.6 centimeter
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Figure 5 Environmental Services & Technology Field Wind Tunnel

The field wind tunnel is deployed on recently treated tailings.
In the foreground is the inlet. Refer to Figure 4 for
dimensions. Following is the 8 foot long by 6 inch sguare open
bottom plexiglass working section. It is here that the tailings
surface is eroded by the generated air velocity. Onto the sides
of the working section are weighted-down nylon flaps which
impedes air infiltration from the edges of the working section.
Following the working section is the expansion to the test
section where the eroded dust particles are collected with a
cascade impactor. In the area where the probe for the cascade
impactor enters the test section, a bend in the tunnel occurs to
facilitate direct probe entry. Following the bend is the
flexible line attached to the fan, which creates the air
velocity through the wind tunnel. All the equipment can be
placed in the bed of the four-wheel drive pickup for
transportation between test sites.
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Figure 6 Cascade Impactor - Particle Sampling Instrument

The cascade impactor which sizes the collected particles in ten
stages, ranging from >25 micrometers to <0.l1 micrometers in
aerodynamic diameter, is placed at the bend of the wind tunnel
test section. Refer to Figures 4 and 5. At the bend there are
nine evenly spaced sampling points, which are required for
representative sampling. The dust entrained air enters the
probe, placed 40 inches before the bend, enabling sampling in a
near laminar flow region. The cylindrical device attached to the
probe (center of picture), is the sample flow splitter. Here a
representative portion of the particles which have been
collected and transported by the probe are isokinetically split
from the general probe air flow and are entered directly into
the 10 stage real-time cascade impactor. A small pump with
rotameter, setting on top of the wind tunnel, is used to create
the flow for the sample splitter/probe combination. The flow
rate through this pump is varied in order to achieve isokinetic
conditions at the point where the dust entrained air flow enters
the sampling probe in the test section. The pump for the flow
rate of the cascade impactor (250 milliliters per minute) is
attached to the base of the unit.

27



velocity Profile

-— - _ _Figure 7

Recorded by

Date

Wind Erosion Testing
Wind Speed Vertical Profile

9
r4
o
o
e
g 2
NP
c
2
o

Wind Speed

MPH

o
£
N
7V. [ _ f _. | ,.,ﬂ\u‘ \ m P
Sl " «f. z_xgq . P * i
(=] t | , _ _
.OV. ) _ f .
| 1 AR }m . ot
A g AR T N
élr.wu..A : | i — ..‘ . _ . rl LI B e e
AT T =iy .,
o HH-HH o J-dH — -
HERLE AL e R 1
LR —— e o Ak Pg
. 3 ! w wl _,\ — R ﬁ : * T ,_1 MI
HITTHE SR aIE] RS A
o .mWr IRAIERES ISR
~ I NHARES 1 Tt . =
Bl HLEHIL iy |
i * - Hj i e I a
iI; Bl IRNEE (R e A ainE
q¢ i wt ‘ , i~ N v LT JTIT |
o 14 = o M I ._‘,4 1 i L ¢ m _ﬁ : -
3 M”,@mu”uumumo“ s 3 8
— Uay I I IWNuID) -

ILGPNG pUNOIE) AUy +EiaH

/G

60

30

40

30

20

10

(MPH)

i
10

(m/s)
Wind Speed

18

28



or three inch high) velocity in the working section is
equivalent to a wind speed as measured at a height of 10
meters. The 10 meter height is a standard height for U.S.
Weather Service wind speed instrumentation.

This equivalency is based on the assumption that the
vertical profile of the extrapolated wind speeds is
logarithmic from the tailings surface to a height of 10
meters (4).

Determination of these equivalent 10 meter wind speeds
is performed by plotting lines from Zo to the 1l0m
wind speeds of 20, 30, 40 and 50 mph. The intersection
of these lines at the height of 7.6 centimeters
delinates the equivalent air velocity at the center

of the working section relative to the 10 m height.

4. The air sampling procedure consists of performing a
nine point particle collection traverse within the
10 inch square sampling section. The procedure is
similiar to EPA Test Procedure Method 5 (5).
The isokinetic particle traverses are performed
at equivalent 10 m air velocities of 20, 30, 40, or
50 mph. The working section of the wind tunnel is
moved, a few feet for every new velocity test, in order
to sample surface material from which the fines have
not been removed by the previous different air speeds.

5. For each test, ambient background particle concentra-
tions are obtained. To acquire these samples, the cascade
impactor samples isokinetically the ambient air which
enters the inlet of the wind tunnel. These particle
concentrations are subtracted from the concentrations
measured at each point within the wind tunnel, to obtain
net wind erosion particle concentrations.

Figure 8 presents a photograph of the wind tunnel during the
sampling process.

4.3.3 Tailings Silt/Moisture Sample Collection And Analysis

Surface samples of the tailings test plots were collected
throughout the duration of the field work in order to
characterize the amount of silt and moisture present. This
information was later used to determine whether there exists a
relationship between the silt content of the tailings and the
wind erosion threshold velocity.

Initially, four samples were taken on each of the test plots
prior to the application of the chemicals. These samples
transected the plots in length and enabled indentification of
the original or baseline silt content. Figure 9 presents this
baseline silt content information. After chemical application,
surface tailings samples were taken for every completed test
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Figure 8 Wind Tunnel Operation

The photograph presents a part of the data acquisition procedure
for the velocity profile measurements within the working section
of the wind tunnel. The individual near the plexiglass working
section is positioning the pitot tube at a specified height
above the tailings surface. The pitot tube will measure air
velocity at this point. Subsequent velocity points at other
heights in the working section are obtained in order to
determine the vertical profile of the air velocity. The
individual near the test section, is reading the velocity from a
manometer. In the right foreground of the photograph is the
cascade impactor, presented in Figure 6. In the center
foreground is the microprocessor for the real-time cascade
impactor. The microprocessor controls the sample run time,
calculates the particle concentrations for the cascade impactor,
and prints a histogram of the particle size distribution.

30



sbuilirel ®saeOD
L"T1C L"SC £€°9 1°9 8°¢ 8°L £°9 °9
9°TT L0T 8°L £°q 0Z°0 V°6 S°L S°9 LT
8°G 6°G 2L L°C1 6"V 8°6G £°6 T°F1 P11
L°ET L*9 1°T 9°9 Z2°9 6°1¢C S pe
(3=M) (Axa) 5499 969 T+% 18 1:6 1:¢CT
Z1D bW ZI0 bw OO TEBN 0O0TEN on ‘g1 ‘S X8I9Yo0)D XSI92Y0D
sburTTel SUld
LNHINQOD ITIS SONITIVL ddTTOYLNODNN 6 °anbrd

31



run.

Samples were collected by lightly sweeping with a hand brush, an
area approximately one foot wide by three feet long. Care was
taken to remove only the upper 1-3 millimeters of the tailings.
The tailings were then placed in a plastic sample container,
labled, and sealed for transport to the analysis laboratory.
Approximately 500-1,000 grams of sample were collected.

Prior to the sieving process, the samples were weighed and
placed in an oven at 225 degrees Fahrenheit for eight hours.
After drying, the samples were reweighed and percent moisture
content was calculated.

After drying, the samples were sieved for thirty minutes using a
sieve shaker with preweighed ASTM brass sieve screens of 20, 40,
100, 140, and 200 mesh (ASTM Method C-136) (6). After sieving,
the screens were reweighed and the percent passing each screen
size was determined. The percent passing the number 200 mesh
screen is defined as silt content. Silt sized particles are less
than 74 micrometers in physical diameter and are readily
suspended during wind erosion periods.

The silt content of a fugitive dust source, as measured by the
dry sieving process, has been shown to be one of the independent
parameters which governs the intensity of dust emissions
(7,8,9).
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5.0 COMPARATIVE EVALUATION OF CHEMICAL STABILIZERS

5.1 Dust Control Effectiveness

The effectiveness over time of the applied chemical stabilizers
was determined by measurements taken with the portable field
wind tunnel. Measurements were taken over a four month time
period. Two measurements which show relative effectiveness are
the wind erosion threshold velocity and the mass emission
factor.

5.1.1 Wind Erosion Threshold Velocities

The wind erosion threshold velocity is the air speed at which
the tailings first start to move, the point where saltation
occurs. As the bonding strength of a chemical stabilizer weakens
over time, the point at which erosion initiates is associated
with decreasing air velocity. Relative control effectiveness
over time can be determined, if threshold velocity measurements
are performed at intervals throughout the lifetime of the
applied chemical stabilizer.

Figures 10 to 15 present the wind erosion threshold velocities
for each of the applied chemicals measured during each of the
six completed measurement periods. This series of figures shows
the relative effectiveness of all the chemicals per test period.
The reference height for the velocity measurement was three
inches, the midpoint height of the working section of the wind
tunnel. Fiqgures El-6 are presented in Appendix E, with an
extrapolated threshold velocity measurement height of 10 meters.
This is the height most commonly referred to when discussing
ambient wind speeds. As an aid in evaluating Figures 10 to 15,
the three inch height threshold velocities can be multiplied by
a factor of 1.5 to approximate an equivalent 10 meter height
wind speed.

Additionally, Figures 10 to 15 present the cumulative rainfall
and the rainfall since the preceding test period. The effect
rainfall has on the chemical stabilizers will be discussed in
Section 5.2

The last bar of data presented on Figures 10-15 (No. 10) is the
mean uncontrolled threshold velocity. The range of the
uncontrolled tailings threshold velocities was 15 to 26 mph. The
variation of the uncontrolled threshold velocities was due to
the range of associated tailings silt content values (14.7 to
0.8%, respectively) measured during the field testing, as
presented in Table 11 in Section 5.3. As will be explained in
Section 5.3, higher threshold velocities are associated with
lower silt content or coarser tailings.
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Figure 13.
WIND EROSION THRESHOLD VELOCITIES DURING PERIOD 4 (7/31)
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WIND EROSION THRESHOLD VELOCITIES DURING PERIOD 6 (9/21)
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Figures 16 to 19 present the wind erosion threshold velocity
over time for each chemical stabilizer. The time period of the
evaluation was four months. These figures show the variation in
threshold velocity in relation to: (a) differences in dilution
strength for Coherex and lignosulfonate, (b) two chemical
formulations for the Nalco products, and (c) whether the means
of applying magnesium chloride had an effect on resultant
threshold velocities.

Figures Fl-4 in Appendix F present the same information
referenced to a height of 10 meters.

For the Coherex and calcium lignosulfonate the more dilute of
the two chemical dilutions showed lower threshold velocities
over time. This indicates that weaker application dosages of
these two chemical stabilizers will result in lower overall
control effectiveness. The two Nalco products showed little
variation between them over time.

The magnesium chloride displaved a different variation over time
relative to the other chemical stabilizers. From the field
testing it appears the magnesium chloride eithers "works" or
"doesn't work". The chemical stabilizer attracts moisture from
the tailings surface and/or atmosphere resulting in the binding
together of the surface fines. When this occurs, the tailings
take on a darker than normal color. Throughout the time of the
field testing there was a visible gradual decay in the size of
the controlled (darker) areas within both the wet and dry test
plots. The decay started in the coarse (west) end of the plots
and migrated to the finer sized tailings. The tailings which had
lost the binding effect of the magnesium chloride took on a
lighter color and had near zero control efficiency.

Figures 20 and 21 present the percentage of the tailings surface
which appeared wet during the test periods. Figure 20 presents
the information for the half acre test plot which was wetted
(wet test plot) prior to chemical application. Figure 21
presents the information for the half acre test plot which was
left dry (dry test plot) prior to chemical stabilizer
application. Figure 22 summarizes the data for both test plots.
It appears that wetting the test plot prior to application of
the magnesium chloride is beneficial over time.

Figures 23 to 26 and Table 5 present the control effectiveness
over time for the chemical stabilizers. Additionally, Table 5
presents the mean control effectiveness at two months (Periods
1-4) and four months (Periods 1-6) after application.

The control effectiveness values, in Figures 23 to 26 and Table
5, show the percent change in the wind erosion threshold
velocity, for each test plot, over the period of the field
testing program. Control effectiveness was calculated by
assuming the tailings were at 100% control immediately after the
application of the chemical stabilizers. Control effectiveness
for the threshold velocities measured during subsequent field
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Figure 16.

WIND EROSION THRESHOLD VELOCITY OVER TIME
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Figure 17.

LIGNOSULFONATE
WIND EROSION THRESHOLD VELOCITY OVER TIME
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Figure 18.

NALCO 6535 & 656
WIND EROSION THRESHOLD VELOCITY OVER TIME
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Figure 19.

MAGNESIUM CHLORIDE (MGCL2)
WIND EROSION THRESHOLD VELOCITY OVER TIME

(VELOCITY @ 3 INCH HEIGHT)
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Figure 20.

MAGNESIUM CHLORIDE (MGCL2) TEST PLOT EFFECTIVENESS
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Figure 21

MAGNESIUM CHLORIDE (MGCL2) TEST PLOT EFFECTIVENESS
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Figure 22

(MGCL2) TEST PLOT EFFECTIVENESS
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Figure 23

COHEREX

CONTROL EFFICIENCY OVER TIME
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Figure 24

LIGNOSULFONATE

CONTROL EFFICIENCY OVER TIME
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Figure 25

NALCO 656 & 655
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Figure 26

MAGNESIUM CHLORIDE

EFFICIENCY OVER TIME
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test periods are calculated in the following manner. First, all
threshold velocity values, for a specific chemical stabilizer,
are normalized by subtracting the lowest of the measured
threshold velocities for each test plot. The lowest threshold
velocity, usually measured during the last test period, is
assigned a control effectiveness of 0%. The lowest threshold
velocity, for each chemical stabilizer, was within the range of
threshold velocities measured for the untreated tailings. After
the data has been normalized, the calculation used to determine
control effectiveness during a test period is:

l1-(Initial Test Period - Test Period X) x 100
(Initial Test Period)

Period X Control =
Effectiveness

Table 5. Control Effectiveness Over Time As Determined By
Threshold Velocity Testing

Test Chemical Control Chemical Control
Period Stabilizer Efficiency (%) Stabilizer Efficiency (%)

1 Coherex 12:1 100 Coherex 9:1 100
2 45 76
3 25 41
4 Mean=43% 0 Mean=54% 0
5 0 6
6 15 6
Mean=31% Mean=38%
1 Calcium 100 Calcium 100
2 lignosulfonate 32 lignosulfonate 56
3 8:1 53 4:1 56
4 Mean=57% 42 Mean=61% 33
5 0 17
6 0 0
Mean=38% Mean=44%
1 Nalco 656 100 Nalco 655 100
2 63 85
3 58 60
4 Mean=67% 47 Mean=69% 30
5 11 10
6 0 0
Mean=47% Mean=48%
1 Magnesium 100 Magnesium 100
2 chloride, 100 chloride, 81
3 applied onto 74 applied onto 49
4 wet tailings (a)52 dry tailings (b}29
5 43 14
6 28 14
Mean=66% Mean=48%
(a) Mean control effectiveness after 2 month period = 82%
(b) Mean control effectiveness after 2 month period = 65%
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The order of the mean control effectiveness of the chemical
stabilizers as determined by the threshold velocity testing is
presented in Table 6.

Table 6. Mean Chemical Stabilizer Control Effectiveness After
Two And Four Months

After 2 Months After 4 Months
Magnesium chloride-wet 82% Magnesium chloride-wet 66%
Nalco 655 69% Magnesium chloride-dry 48%
Nalco 656 67% Nalco 655 48%
Magnesium chloride-dry 65% Nalco 656 47%
Lignosulfonate 4:1 61% Lignosulfonate 4:1 44%
Lignosulfonate 8:1 57% Lignosulfonate 8:1 38%
Coherex 9:1 54% Coherex 9:1 38%
Coherex 12:1 43% Coherex 12:1 31%

The order of the mean chemical stabilizer control effectiveness
versus time after application does not change significantly
between the two time periods. Although the magnesium chloride
products showed high mean effectiveness over the two and four
month test periods, it should be noted that significant areas of
the test plots, where the product had lost its effectiveness (as
previously presented in the designated "dry" areas of Figures 20
and 21), exhibited near zero control effectiveness throughout
the test periods. These areas of the test plots would erode at
considerably lower wind speeds than the areas of the magnesium
chloride plots which were "wet". The control effectiveness
values presented for the magnesium chloride consist of a
weighted average of the percent of the areas which were well
controlled ("wet") and the percent of the test plot areas which
exhibited virtually no control ("dry").
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5.1.2 Wind Erosion Emission Factors

An emission factor is defined as the amount of emissions per
unit of source activity. The emission factors developed in this
study are reported in the form of grams/minute/square meter of
tailings surface. In order to use the emission factors for
emission inventorying purposes, two units of source activity are
required. First, the amount of time (minutes) the wind speed is
at the measured emission factor level is needed. This can be
gathered from historical meteorological records. Second, the
area (square meters) of tailings surface of interest in the
inventory is needed. This can be determined from area maps of a
tailings site.

Thirteen emission factor tests were performed during the study.
Table 7 presents the results of the emission factor testing.
Information presented includes, the test date, chemical name,
characteristics of the tailings (moisture and silt content), the
threshold velocity, the velocity at which the emission factor
testing was performed, and the emission factors expressed on a
particle size basis of less than 12 and 2.1 micrometers in
diameter.

An example emission inventory utilising this information
follows. Two areas of tailings are situated aside each other.
One has been treated recently and exhibits an emission factor of
0.0162 grams/minute/square meter. The other area is a plot which
has lost the bonding strength of a previously applied chemical
stabilizer. It exhibits an emission factor of 1.5
grams/minute/square meter. A wind storm with gusts up to 40 mph
occurs. To determine the resultant emissions less than 12
micrometers in diameter on a per acre basis, the emission
factors of the two types of tailings are multiplied by the total
time of the 40 mph wind gusts (assume 10 minutes), and the
number of square meters in an acre (4,047). The emissions for
the recently treated area are 1.4 pounds per acre, and for the
uncontrolled plot the emissions are 134 pounds per acre. The
difference in emissions of less than 12 micrometer diameter
particles is nearly a factor of 100.

5.2 Meteorology

Aside from the method of applying chemical stabilizers onto
tailings, the effects of day to day meteorology are believed to
have the greatest impact in determining long term control
effectiveness. The following sections will characterize, over
the four month testing period, the meteorological parameters
believed to influence the effectiveness of chemical stabilizers.

54



1917
oy
T¢
1534
97
197
T¢
9¥
¢t
43

0S

(ydw-3ybrsy w QT)

Putysol 1030B4 UOTSSTWH UOTSOIH PUIM °*/ 9[gelL

0T°€ 9°6¢ 0§

Z LT 8 €L 17

€12 00S’T 0¥

z°81 91T 0§

912 09€‘T 0§

0°%S €8¢ 0S

08T°0 06°1 134

960°0 188°0 0§

€1°¢ 2°91 0¥

91°L Z°LL 137

86°C 89°C 0§

82°1 £€9°C 0s

€2°T 202 0S
AumpmﬁvWMMMWW\mpﬂwm%Mmﬁwwmv ||||||||
un g > un zT > A3100T™A

(T00°0 X) I030®BJ UOISSTWH 3S9L

s3Tnsay a2030v4g uoTssTWwyd

A3TOO0TSA (3ITTS) (SINISTOW)

pToysaIyg

(%)

SE°0
LE"0
LGS0
0T°0
0€°0
8C°0
Ge°0
8C°0
9% "0

9% "0

(%)

sbutTtel

poTTIOx3UODUN

peT10I3UODUN
(UOT3D9S AJIp UO po3ss3])

OPTIOTYO unisauber

GG9 ODTIEN

o3eUO3TNSoubI]
S3euOIINnsoubrI
ej3rvuOoIINsoub1]
1:6 X213Y0D
1:ZT X218Y0oDd
1321 X218Yo)
sjruOyINsoubTIT
1:6 X9I19Y0Dd

1:Z1 X®9I9Yyod

uoTINTIQ
§ jonpoad

zz/6
zz/6
8Z/L
8Z/L
Lz/L
Lz/L
ST/9
S1/9
ST/9
G1/9
8Z/S

82/G

1944
eZy
6T
81
9T

ST

.oz
3893,

55



5.2.1 Test Period Meteorological Characterization

Daily weather data, throughout the test period, was obtained
from the Federal Aviation Administration-Flight Service Station
located at the Hibbing, Minnesota Municipal Airport. The airport
is located approximately ten miles east of the National Steel
Pellet Co. tailings basin. The information obtained was an
hourly record of precipitation, temperature, wind speed, and
direction. Historical data for the Hibbing Airport was obtained
from the National Climatic Center located in Ashville, North
Carolina. This information was based on a 19 year average.

Table 8 presents the number of days per month in which rainfall
was greater than 0.1 and 0.0l inches. Comparing the historical
data (>0.1 inches) with that from 1982, July and October
contained twice the number of such rain days and August and
September were above the historical average.

During the field testing, it was found that 0.0l inches of
precipitation was sufficient to wet the surface of the tailings,
mitigating wind erosion and also stopping the testing effort,
for that day. From Table 8, approximately one half of June,
July, September, and October consisted of such days. No
historical data was available for comparison. From this
information, approximately one half of the days scheduled for
possible field testing were lost due to precipitation.

Table 9 presents the monthly rainfall amounts for the time span
during which testing was scheduled. July, September, and October
are all above the historical average.

Table 10 presents a summary of precipitation and wind speed data
between the periods of field testing. This information is useful
is assessing the affect these two parameters have on chemical
stabilizer effectiveness over time. Precipitation information is
presented according to total rainfall per period, cumulative
rainfall since the start of field testing, and the highest
rainfall amount per day for each time span. This information can
be used to determine the degree of leaching a chemical
stabilizer may have undergone. Figure 27 presents a graphical
representation of the rainfall occurring between the test
periods and the cumulative rainfall over the four month field
study.

The between test period wind speed information presented in
Table 10 includes the mean wind speed, and the number of days
having wind velocities occurring at any time greater than 20
mph. This information can be used to approximate the degree of
extent which the action of high wind speeds can be attributed to
the lowering of chemical stabilizer control effectiveness. The
threshold velocity for untreated tailings at the field site was
approximately 20 mph. For treated tailings, winds of this
magnitude could begin to weaken the bonds between the fine
particles, established by the chemical stabilizers.
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Table 8 Number Of Days Rainfall Was Greater Than 0.1
Or 0.01 Inches

Days > 0.1 Inches Days > 0.01
Month  Historical Average (a) 1982 1982
June 7.3 5 13
July 6.7 13 14
August 5.9 8 190
September 5.1 8 14
October 3.8 7 17
November 3.3 (b) (9)

(a) Historical data obtained from the National Climatic
Center, Ashville, North Carolina

(b) Tailings had snow cover during the month of November

Table 9 Monthly Rainfall Totals

Month Historical Average (a) 1982
gue  4.53 Inches  2.89 Inches
July 3.91 7.86
August 4.08 1.98
September 3.05 3.50
October 2.08 4.38
November 1.77 (b)
(a) Historical data obtained from the National Climatic

Center, Ashville, Nortn Carolina
(b) Tailings had approximately 2 inches of snowcover throughout
the month.
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Figure 27

RAINFALL AMOUNTS BETWEEN TEST PERIODS
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5.2.2 The Effect 0f Meteorological Parameters On Dust Control
Effectiveness

Based on the summary of the meteorological parameters between
the field test periods presented in Table 10, it is believed
that precipitation had a greater effect than wind speed, over
the four month time span, in reducing the control efficiencies
of the chemical stabilizers. This is due to the more than 15
inches of rainfall which occurred during the test period
relative to only 6 days when wind speeds were greater than 20
mph.

Figures 28 to 31 present the effect rainfall exhibits on
threshold velocity. The threshold velocities presented are those
measured within the wind tunnel at a height of 3 inches.
Appendix G presents the data according to an extrapolated
threshold velocity height of 10 meters.

The greatest percent change in threshold velocity for Coherex
12:1, Lignosulfonate 8:1 and 4:1, and the Magnesium Chloride
applied dry and tested on the dry portion of the test plot,
occurred between test periods 1 and 2. This time period was
characterized by a total of 1.58 inches of rainfall, 1.04 inches
of rainfall occurring on one day, and 5 days when the wind speed
exceeded 20 mph at any time during the day. The lignosulfonate,
as reported by plant personnel using the product, can be leached
with rainfall amounts greater than 0.5 inches. This combined
with the high wind speeds probabably attributed to its enhanced
decay.

The Coherex 12:1 and Magnesium Chloride-Dry (applied dry onto
the tailings and tested on the dry-uncontrolled areas), were
applied onto the tailings at alternate (lesser) dosage levels
than recommended. Thus, the bonding strength these chemicals
produced could not resist the effects of the rainfall and high
wind speeds which occurred soon after application.

The Coherex 9:1, Nalco 655, and the Magnesium Chloride-Wet
(applied onto wet tailings and tested on the dry-uncontrolled
areas), had their greatest percent decay rates between test
periods 3 and 4. This period is characterized by a rainfall
amount of 4.1 inches and a cumulative rainfall amount of 10.3
inches. Daily ambient wind speed had not exceeded 20 mph since
between test periods 1 and 2, (5 days) and between test periods
2 and 3, (1 day). Thus, the cumulative effect of rainfall is
believed to have been the major reason for the reduction in
control efficiency at this time.

The Nalco 656 and Magnesium Chloride-Wet (applied onto wet

tailings and tested on the wet-controlled areas), had their
greatest percent decay rates of threshold velocity between test
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Figure 31.

MAGNESIUM CHLORIDE (MGCL2)
EFFECT OF RAINFALL ON THRESHOLD VELOCITY
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periods 4 and 5. This period is characterized by a rainfall
amount of 1.2 inches and a cumulative rainfall amount of 11.5
inches. Ambient winds speeds exceeding 20 mph had not occurred
in the last two periods. Thus, the cumulative effect of rainfall
is believed to have been the major reason for the reduction in
control efficiency at this time.

As previously presented, aside from the time span between test
periods 1 and 2, when days with high wind speeds were prevalent,
the meteorlogical factor in this study believed to have the most
effect on chemical stabilizer control efficiency over time was
rainfall. Rainfall, coupled with days of high wind speeds (>20
mph), probably produces a synergistic effect and acts to
accelerate the decay in threshold velocity, as was evident in
the decay rates of Coherex 12:1, lignosulfonate 8:1 and 4:1, and
the magnesium chloride-dry products.

5.3 Tailings Characteristics

Prior to applying the chemical stabilizers onto the tailings,
surface samples were obtained for moisture and silt content
analysis. This initial silt content or fines content of the
tailings is presented in Section 4.3.3., Figure 9,

Since the application of chemical stabilizers bonds together the
silt sized particles, it is expected that samples taken at
incremental periods after initial chemical application should be
much lower in apparent silt content. After initial application,
the abundance of fines is minimal, requiring high ambient winds
speeds (threshold velocities > 50 mph) to move the larger bonded
particles. As these bonds weaken over time, the silt fraction of
the tailings surface increases. This increase in fines results
in the lowering of the wind erosion threshold velocity.

Table 11 presents the results of the tailings silt and moisture
analyses performed throughout the study. The threshold
velocities associated with each collected sample are also
presented. Table 12 presents the tailings characteristics of
moisture and silt content over time by chemical stabilizer. The
table also includes the threshold velocities associated with the
tailings. Figure 32 presents the specific test plot locations of
the samples collected as reported in Table 11.

Tables 11 and 12 show the moisture content of the tailings had
small variations throughout the study. Since the field testing
required testing on dry tailings, this was expected. The
moisture content data does show that aside from the magnesium
chloride, the other chemical stabilizers do not rely on moisture
content as their bonding agent. This is evident from the range
of the measured moisture contents which varied from less than
0.1% to 0.6%. This was within the range of the moisture contents
measured for the uncontrolled tailings, 0.12 to 1l.1%.
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Table 12 Tailings Characteristics Over Time By Chemical Stabilizer

Product Date Threshold Velocities Moisture Silt
3 in. (a) 10 m (%) (%)
Coher=sx 12:1 5/28 35 53 0.26 0.05
6/15 24 32 0.46 1.6
7/8 20 (b) 28 (b) (c {(¢)
7/31 15 23 0.38 0.43
8/17 15 28 0.26 11.6
9/21 18 31 0.26 9.3
Coherex 9:1 5/28 34 53 0.38 0.03
6/15 30 46 0.28 4.3
7/8 24 (b) 36 (c) (c)
7/31 17 26 0.43 12.7
8/17 18 33 0.26 13.0
9/21 18 26 0.36 4.6
Lignosulfonate 5/28 37 80 0.30 4.4
8: 1le 6/15 24 31 0.35 2.3
7/8 28 49 0.34 2.1
7/27 26 46 0.30 0. 30
8/17 18 31 0.13 7.8
9/21 18 31 0.26 2.9
Lignosulfonat= 5/28 37 (b) 50 (b) (c) (c)
4:1 6/15 29 41 0.39 4.5
7/8 29 47 0.09 2.6
7/27 25 43 0.30 3.3
8/17 22 38 J.16 3.5
9/21 19 30 0.55 2.2
Nalco 656 5/28 40 (b) 60 (b) (c) (<)
6/16 33 55 0.34 3.4
7/8 32 (b) 55 (b) (c) (c)
7/28 30 55 0.40 2.1
8/17 23 42 9.12 2.7
9/21 21 35 0.40 3.0
Nalco 655 5/28 40 (b) 70 (b) (<) (c)
6/16 37 66 0.56 2.7
7/8 32 (b) 56 (b) (¢c) (c)
7/28 26 45 0.10 1.3
8/17 22 44 0.08 9.9
9/21 20 31 0.30 6.9
Magnesium 5/28 44 (b) 80 (b) (c) (c)
Chloride 6/16 44 80 3.3 0.0
(Applied on wet 7/8 42 (b) 80 (b) (c) (c)
tailings, 7/28 40 (b) 80 (b) (c) (c)
tasted on the 3/18 36 80 3.4 3.6
wet aresas) 9/21 36 (b) 80 (b) (c) (c)
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Table 12 Con't. Tailings Characteristics Over Time By Chemical Stabilizer

pProduct Date Threshold velocities Moisture Silt
3 in, (a) 10 m (%) (%)

Magnesium 5/28 44 (b) 80 (b) {c) (c)
Chloride 6/16 44 80 3.3 0.0
{appli=d on wet 7/8 16 (b) 25 (b) (c) (c)
tailings, 7/28 17 23 3.0 (b) {b)6.5
tested on the 8/18 16 28 .61 11.1
dry areas) 9/21 16 (b) 25 (b) (c) (c)
Magnesium 5/28 43 (b) 80 (b) (<) {(c)
Chioride 6/16 18 (b) 31 (b) (c) (c)
(Applied on dry 7/8 18 (b) 31 (b) (c) (c)
tailings, 7/28 18 31 0.57 6.5
testad on the 8/18 17 35 0.33 5.8
dry arsas) 9/21 17 32 0.20(b) (b)10.0
Uncontrolled 7/31 23 40 0.46 8.3
8/17 24 45 0.19 1.9
8/17 19 37 0.12 0.26

8/17 15 23 0.23 14.7
9/22 26 40 1.1 0.80
9/22 22 43 0.37 0.50

9/22 24 40 0.40 1.0

9/22 23 44 0.30 2.1

{(a) Height of measurement, 3 inches is the midpoint height of the
wind tunnel, 10 meters is the 3 inch height velocity
extrapolated to a height of 10 meters

{b) Estimated value, usually based on an average of data before and
after the value

(¢c) Estimated value was not attempted
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The magnesium chloride, which utilizes moisture as the bonding
agent showed a wide range of moisture contents. Moisture
contents in excess of 3.0% were associted with high threshold
velocities, and moisture contents less than 0.7% were associated
with low threshold velocities. From this information, moisture
content of the magnesium chloride treated surface can be used as
a good indicator to determine the effectiveness of the applied
chemical stabilizer.

For the other chemical stabilizers, silt content of the tailings
surface can be used as an indicator to determine the
effectiveness of an applied chemical stabilizer., Figure 33
presents the relationship of silt content to wind erosion
threshold velocity (3 inch height) as per this study. As
indicated in Figure 33, as the silt content of the tailings
surface increases, there is a general lowering of the wind
erosion threshold velocity. Appendix H presents this data
normalized to a height of 10 meters.

5.4 Chemical Stabilizer Product Usage Requirements

The following sections discuss the usage requirements of the
major dust control chemicals evaluated in the study. These
requirements consist of product delivery methods, storage
requirements, and specific application procedures.

5.4.1 Delivery Requirements

The selection of a chemical stabilizer may be contingent on the
delivery requirements of the product vendor. Products such as
Coherex and lignosulfonate have been used in the mining industry
for some time and the infrastructure for the delivery of the
products are well established. Coherex is available from a
number of vendors throughout the United States. The product
usually can be delivered in tanker truck/railcars or 55 gallon
drums throughout the year. Winter shipments should be avoided
because Coherex will degrade if it should become frozen.
Lignosulfonate is available from a number of sources nationwide
as well. It does not have the extent of the freeze/thaw problems
as Coherex. It is available year round.

The Nalco chemicals and the magnesium chloride are relatively
new products for tailings dust control and their delivery
requirements may be more stringent than the two products
previously mentioned. The Nalco products originate from the
Chicago area, while the magnesium chloride orginates from the
Salt Lake City area. Transportation for the Nalco products is
not necessarily tied to bulk truck or railcar shipments since
relatively small amounts of chemical are used per acre.
Fifty-five gallon drums of the product can be transported which
reduces scheduling problems relative to railcar or tanker-truck
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shipments. The magnesium chloride is usually sent by railcar
and/or tanker-truck, due to the large quantities required for
dust control purposes. If shipped during freezing conditions,
and left unprotected, both of these products may be altered.

5.4.2 Product Storage Requirements

Once the chemicals are delivered, either they are used directly
from the vehicle which transported them (railcar or truck) or
they are stored for further usage. Above ground storage tanks
are required for long term storage. During cold weather periods,
all the products, especially, Coherex, magnesium chloride, and
the Nalco products should be kept from freezing. Freezing will
degrade the chemicals. Many times plants will bury the storage
tanks to protect against freezing. The lignosulfonate will not
degrade to the extent of the other chemicals, however, the
product may be nonusable due to an increase in viscosity.

The Nalco products can be purchased in drum containers. Since
relatively small amounts of chemicals are required during
application, a number of drums can be used as a storage system
for this chemical versus bulk storage. The barrels should be
protected from freezing temperatures.

5.4.3 Product Application Requirements

All four of the chemical stablizers evaluated in this study, are
suitable for application from a pressure spray vehicle. Due to
the stability of tailings, it is recommended a high floatation
wheeled vehicle (rating in the range of 15 psi) with a 1,000 to
3,000 gallon holding tank be used. A standard roadway water
wagon will not have the necessary floatation to be able to
maneuver over the tailings.

Table 13 presents application considerations for the various
chemical stabilizers. This information was gathered from both
vendors and users of the products. As with all industrial
chemicals, care should be taken to keep the materials from
making skin or eye contact.
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Table 13 Chemical Stabilizer Application Considerations

Product

Coherex

Calcium
Lignosulfonate

Nalco 656
& 655

Consideration
The water used to dilute the concentrate
should have a pH no higher than 8.0.
Values higher than this reduce the mixing
properties of the chemical stabilizer.
The Coherex should be added to the vehicle
holding tank after the majority of dilution
water has been added.
This reduces foaming within the holding tank.
The inside/outside of the holding tank and
spray bar system should be rinsed with a
suitable solvent after every use to reduce
buildup of the chemical stabilizer.
The product is not water-soluble after
drying. It requires a solvent to remove from
hands and clothing.
If the product is applied onto tailings and
undergoes freeze/thaw cycles, it is reported
this will accelerate the degradation of the
applied product.

The product is water-soluble. Tt probably
should not be used during periods of the

year of when rainfall amounts per day greater
than 0.5 inches are experienced.

Although it is water-soluble, after drying

it may clog the vehicle spray system.

Rinsing the holding tank and spray system

is recommended after use.

The product may be unworkable during

below freezing temperatures, unless it is
heated to above 40 degrees F.

Should the calcium lignosulfonate contaminate
the milling plant process water, it could
cause ore flotation problems. The ammonium
lignosulfonate does not cause such a problem.

The product, when stored, should be

well mixed prior to use. Both products
separate readily during storage.

The product should be mixed gradually in
with the water in the vehicle tank for proper
mixing. If it is added in one dose, it will
not disperse in the water properly and will
clog the pressure spray system.

Even if the product is well mixed during the
filling of the vehicle tank, the product may
fall out of solution during the time it takes
to travel from the staging area to the
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Chemical Stabilizer Application Considerations -

Table 13

Product

Magnesium
Chloride

Continued

Consideration
tailings basin. An internal pump should be
used to keep the solution well mixed
throughout the application process.
The vehicle holding tank and pressure spray
system should be rinsing after use to avoid
clogging from dried residue.
If the product is to be applied during
the winter months, the make-up water should
be heated to above 40 degrees F to facilitate
mixing.
The tailings should be wet to a depth of at
least one half inch prior to application.
This aids the product in dispersing through-
out the tailings surface. Application after
a rainfall is desired.
The product is applied as delivered, without
dilution. The high specific gravity of the
applied magnesium chloride may reduce
the pressure which the spray system of the
application vehicle can deliver. This could
alter the gallons applied at a set wvehicle
travel speed, relative to other chemicals.
If the product is used in the winter months,
it should be checked for precipitate. This
could clog the pressure spray system of the
application vehicle.

The total cost of a tailings dust control program includes
product, labor, and equipment costs. The following sections
discuss these costs.

5.5.1 Product Costs

The cost of acquiring chemical stabilizers includes base product

cost and shipping

cost expressed on a dollar per gallon basis.

Based on the dilution ratio and application dosage (gal./unit
area) of the chemical stablizer applied onto the tailings, a
product applied cost, exclusive of labor cost, on a per acre
basis can be determined. Table 14 presents the above information
for the chemical stablizers evaluated in this study.
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Table 14 Chemical Stabilizer Cost Data

Purchase Purchase & Product Cost
Product/ Cost Shipping Cost Per Acre
Dilution ($/gal.) (a) ($/gal.) (b) ($/acre) (c)
Coherex 12:1 1.20 1.50 140
9:1 1.20 1.50 182
Calcium
Lignosulfonate 8:1 0.17 0.26 35
4:1 0.17 0.26 63
Nalco 656 (99.25:0.75) 8.80 8.93 81
655 (98:2) 8.16 8.29 200
Magnesium Chloride 0.24 0.86 2,080

(not applied diluted)

(a) Purchase cost of chemical stabilizer in concentrated form.

(b) Costs are based on bulk tanker-truck or railcar shipping
costs to the Iron Range in northern Minnesota. The Nalco
products are based on shipping 55 gallon drums.

(c) All products are applied at a dosage of 0.25 gallons per
square yard. The exception is magnesium chloride, it is
applied at 0.5 gallons per square yard. This applied cost
does not include labor costs.

As presented in Table 14, the least expensive of the applied
dust control chemicals was the lignosulfonate. This cost
reflects the fact that a source of the chemical (paper mills in
northern Wisconsin) can delivery the chemical, with minimum
shipping costs to the northern Minnesota site. If the chemical
were to be delivered to the western United States, the product
cost per acre would be more in the range of the Coherex and
Nalco products (approximately $195 per acre for the 4:1 and $110
per acre for the 8:1 dilution). The magnesium chloride was the
most expensive chemical on a product cost per acre basis. This
is attributed to the costs of transporting the product from Utah
to northern Minnesota. If the product was to be used in the
western United States, the product cost per acre would be in the
$600-800 range.

5.5.2 Labor And Equipment Costs
To assess the total costs of a dust control program, labor costs
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and the cost of equipment (application vehicle etc.) should be
added to the cost of the dust control chemicals. While labor and
equipment usage costs vary from plant to plant, for estimation
purposes, the labor and equipment costs incurred in this study
will be used to as an example.

For the field study, a contractor experienced in the application
of tailings dust control chemicals charged $75 an hour for
application services. This cost covered both labor and
equipment. Assuming that chemicals can be applied onto 2.5 acres
per hour, $30 of costs, on a per acre applied basis, can be
assigned to labor and equipment costs. These costs, when added
to the product applied costs presented in Table 14, result in
the total application costs for the chemical stabilizers. Table
15 presents the total application costs, on a per acre basis,
for the chemical stabilizers evaluated in this study.

Table 15 Field Application Costs

Product/Dilution Field application Cost
($/acre)

Coherex 12:1 170
9:1 212
Calcium Lignosulfonate 8:1 65
4:1 93
Nalco 656 111
655 230
Magnesium Chloride 2,110

As discussed in Section 5.5.1, the lignosulfonate would exhibit
a total cost in the range of the Coherex and Nalco products if
it was delivered to a location in the western United States
(approximately $225 per acre for the 4:1 and $140 per acre for
the 8:1). The magnesium chloride, if used in the western United
States, would range in cost from $630-830 per acre. The Coherex
would change minimally in cost if another location in the United
States was chosen for estimation purposes. This is due to the
nationwide distribution system for the product. The Nalco
products also would change minimally in costs, if this
evaluation were based on another location, since transportation
costs are small relative to the base product cost.
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5.6 Control Cost Effectiveness Evaluation

The cost effectiveness of a chemical stabilizer is defined as
the dollars expended per acre to achieve an acceptable level of
control. The cost effectiveness evaluation considers the total
cost of a dust control program (product, labor, and equipment)
as well as the frequency of chemical stabilizer application over
th wind erosion season to achieve an acceptable level of
control.

For the purpose of this study, control cost effectiveness for
the evaluated chemicals is assessed at two theoretical
acceptable control levels. One control level, for the reduction
of wind erosion dust emissions, is 75% the other is 90+%. The
period required for acceptable control is 90 days. This is the
approximate length, in northern Minnesota, of each the spring
and fall wind erosion periods.

Based on the chemical stabilizer control effectiveness values
reported in Tables 5 and 6 (Section 5.1.1), which are based on
one application dosage of the field evaluated chemical
stabilizers, it is apparent that none of these dust control
products would achieve a control efficiency of even 75% over a
three month period. Subsequent applications for all the products
evaluated would be required to achieve the desired 75% or 90+%
level of control.

Table 16 presents the chemical stabilizer control cost
effectiveness evaluation. The table includes: (a) the chemical
stabilizers and applied dilution strengths, (b) the initial
application dosage and related costs, (c) the intensity,
frequency, and costs of subsequent application dosages, and (4d)
the overall cost effectiveness of the evaluated chemical
stabilizers which achieve estimated dust control levels of 75%
and 90+% over a three month period.

The required number of subsequent applications necessary to
achieve the desired level of control were estimated by the
results of the threshold velocity field testing, and
conversations with plant users of dust control chemicals. At
best, these chemicals stabilizers require additional product
application every 6 to 8 weeks during a wind erosion season
(10).

For the more effective chemical stabilizers, (lignosulfonate
4:1, Nalco 656 & 655, and magnesium chloride) it is estimated
only the initial and one subsequent application are required to
achieve the desired control levels over the three month time
period. The other chemicals, (Coherex 12:1 & 9:1 and
lignosulfonate 8:1) required multiple subsequent applications in
order to achieve the indicated control levels.

As explained in Section 5.5.1 and 5.5.2, due to the location of
this study's evaluation, the northern Minnesota Iron Range, the
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product delivered costs of the calcium lignosulfonate and the
magnesium chloride affect considerably their associated cost
effectiveness. Table 16 also presents the control cost
effectiveness evaluation of these two products under the
assumption that the location of the evaluation was in the
Utah/Wyoming, western area of the United States. For this
evaluation, the same parameters affecting control effectiveness,
other than cost, remain the same relative to the northern
Minnesota evaluation.

As presented at the bottom of Table 16, relative to the northern
Minnesota evaluation, the control cost effectiveness would
double for the lignosulfonate and would be reduced by two-thirds
for the magnesium chloride. This change is due to the associated
shipping costs for the two chemical stabilizers.

Table 17 summarizes the order of control cost effectiveness,
presented in Table 16, ranging from the most to the least:

Table 17 Control Cost Effectiveness For Northern Minnesota Iron
Range

Desired Level Of Control

75% 90+%
($/acre/3 months) ($/acre/ 3 months)
1. Lignosulfonate 8:1 $130 1. Lignosulfonate 4:1 $186
2. Lignosulfonate 4:1 $186 2. Lignosulfonate 8:1 $195
3. Nalco 656 $222 3. Nalco 656 $222
4. Coherex 9:1 $424 4. Nalco 655 $460
5. Nalco 655 $460 5. Coherex 9:1 $636
6. Coherex 12:1 $510 6. Coherex 12:1 $680
7. Magnesium chloride $3165 7. Magnesium chloride $3165

Control Cost Effectiveness For Utah/Wyoming - Western U.S.A.

1. Nalco 656 $222 1. Nalco 656 $222
2. Lignosulfonate 8:1 $280 2. Lignosulfonate 8:1 $420
3. Coherex 9:1 $424 3. Lignosulfonate 4:1 $450
4., Lignosulfonate 4:1 $450 4. Nalco 655 $460
5. Nalco 655 $460 5. Coherex 9:1 $636
6. Coherex 12:1 $510 6. Coherex 12:1 $680
7. Magnesium chloride $1050 7. Magnesium chloride $1050
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6.0 CRITERIA FOR SELECTING CHEMICAL STABILIZERS

There are various requirements which a tailings dust controeol
program should consider before selecting chemical stabilizers
for application. These requirements include assessing: (a) the
characteristics of the tailings surface, (b) the meteorological
conditions expected during the lifetime of the applied products,
(c) the control efficiency desired over time, (d) the
probability of the chemical stabilizer affecting the milling
plant recovery process, (e) special product usage requirements,
and (f) overall product cost effectiveness.

6.1 Tailings Characteristics

The two characteristics of the tailings which should be
evaluated prior to selection of a chemical stabilizer include
silt and moisture content. Coarse tailings or those having a
silt content of less than 5%, probably do not required the
application of chemical stabilizers. This is due to the high
threshold velocities required to initiate the wind erosion
process for these tailings and the relative lack of fines
available for suspension. Conversely, tailings having a silt
content greater than 5% are more susceptable to wind erosion and
merit the addition of chemical stabilizers, Tailings with silt
contents greater than 30% are very susceptable to wind erosion,
and this process will start at low threshold velocities. Based
on the results of the field testing in this study, insufficient
information exists to enable recommendations for applying
chemical stabilizers onto tailings having a wide range of silt
contents.

The moisture content of the surface tailings also influences the
susceptability of the tailings to wind erosion. Tailings less
than 0.75% moisture are considered dry and are susceptable to
the erosion process. As the tailings increase in moisture, they
become less likely to erode. At a moisture content of 3% they
are considered wet.

If the moisture content of the surface tailings, could vary
considerably over the lifetime of application, due to
precipatation events or the raising of the pond water table, the
control efficiencies of certain chemical stabilizers could be
affected. The lignosulfonates are said to leach with rainfall
amounts greater than 0.5 inches of rainfall. Although in this
study appreciable rainfall amounts were encountered, the
lignosulfonate did not appear to be significantly affected,
relative to the other products.

One product which may be benefited by occasional increases in
surface moisture is magnesium chloride. The more moisture the
surface of the treated magnesium chloride tailings has
available, the greater the expected control efficiency.
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6.2 Meteorological Conditions

The meteorological conditions expected during the lifetime of
the applied chemical stabilizer governs its long term
effectiveness. The effect of precipatation on chemical
stabilizers has been discussed in the previous section. No one
chemical, relative to the others, appeared to be significantly
affected by the rainfall experienced during the field testing
portion of this study.

Periods of high wind were experienced only immediately after the
application of the chemical stabilizers. These high wind speeds
coupled with 1.58 inches of rainfall tended to affect the
Coherex 12:1, lignosulfonate 8:1 and magnesium chloride (applied
onto dry tailings) more than the other chemicals. A reason for
this is due to their associated application dosages. These three
products, were applied at dilutions less than recommended. From
this example, it is evident that decreasing the recommended
dosage level of applied products will only hasten the lowering
of control effectiveness, when stressed.

The effect relative humidity has on long term control efficiency
could not be properly evaluated in this study. The magnesium
chloride should respond favorably to high relative humidities (>
50%) since it has deliquescent properties. To what extent high
or low relative humidity has on the other chemical stabilizers
is not known.

The effect freeze/thaw cycles have on the coherency of the
treated tailing surface was to be evaluated in this study,
however, weather conditions prevented the proper testing of
effects. The bonds binding particles treated with Coherex has
been stated to be adversely affected by freeze/thaw cycles. No
information could be gathered for such information concerning
the other chemical stabilizers.

The effect surface temperature has on the long term control
efficiency of the treated tailings is not known, but high
temperatures (> 100 degrees F) may attribute to the reduction of
control efficiency. The tailings treated with Coherex,
lignosulfonate, and magnesium chloride all acquire dark
coloration after application. The tailings treated with the
Nalco product are lighter in color after application. The darker
tailings do exhibit higher surface temperatures resulting from
solar radiation, which could accelerate the aging process of the
applied chemicals. Also, the dark coloration of the magnesium
chloride treated tailings could accelerate the evaporation of
moisture from tailings.
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6.3 Recovery Problems

If the intake water from the tailings pond is used for plant
process water, it may be critical to assess at what
concentrations of chemical stabilizer in the process water will
adversely affect the ore flotation/recovery system. Although
none of the evaluated chemical stabilizers exhibited such
problems within the Taconite industry, other industries may be
affected. Chemical stabilizers may be found in the plant process
water in dilute concentrations due to leaching of the applied
chemicals and through accidental spills.

6.4 Product Usage Requirements

Before selecting a chemical stabilizer, an evaluation of the
associated usage requirements of the chemical is needed. This
will identify potential problems in: (a) scheduled delivery of
the product, (b) onsite storage requirements, (c¢) handling
problems, and (d) problems encountered during application. These
various requirements have been previously mentioned in Section
5.5.

In summary, all the products evaluated in this study had
virtually identical usage requirements. Exceptions or
requirzments deserving mention are: (a) the Nalco products can
be delivered in 55 gallon drums, mitigating the need for a
storage tank, when treating large acreage, (b) the chemicals
stored should not be allowed to freeze, (c) care should be taken
by the operator to keep chemicals off of the skin, and (d) care
should be taken to insure the proper mixing of the Nalco
products during all phases of the application process.

6.5 Control Effectiveness

The expected control effectiveness from a chemical stabilizer is
a major criteria when selecting a product. The results of the
field evaluation in this study showed a wide range in the
control effectiveness of the products two and four months after
application. The measured control effectiveness values are
reported in Section 5.1.

After a period of one month, only the magnesium choride applied
onto wet tailings, exhibited a control effectiveness greater
than 90%. If monthly control effectiveness at this level is
desired for a dust control program, subsequent application of
the dust control chemicals will be required.
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6.6 Cost Effectiveness

After assessing the merits of the chemical stabilizers according
to the previously mentioned selection criteria, the cost
effectiveness of the chemicals most suitable for usage should be
estimated. The procedure to determine cost effectiveness is
presented in Section 5.6. The procedure consists of determining
the total product, labor, and equipment costs necessary for the
application and maintenance of the chemical stabilizers in order
to achieve a desired level of dust control during a wind erosion
season.

For the plant operator, the estimation of total costs can be
performed using price quotes from product vendors, and
approximating application labor and equipment costs. These
estimated costs are easier to figure than the number of
subsequent application dosages which are required to achieve the
desired level of dust control. As a start, one may assume the
values presented in Section 5.6.

A more precise estimation can be derived from establishing
chemical stabilizer test plots and determining their associated
control effectiveness. This can be performed, in order of
increasing accuracy, by: (a) visually inspecting the test plots
over time, (b) acquiring silt content data over time to measure
control effectiveness, (c¢) utilize a field wind tunnel to
measure the wind erosion threshold velocity over time to
determine control effectiveness, and (d) utilize a field wind
tunnel to measure dust emissions over time at various wind
velocities to determine product control effectiveness.
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7.0 CONCLUSIONS

The following conclusions have been derived from this
investigation.

1.

The control of tailings dust emissions by industry is
being addressed to a greater extent than during the past.

Very few industrial plants have established dust control
programs. Experimentation is occurring to determine the
chemical stabilizer(s) best suited to the needs of the plant.
Many experimental programs are inconclusive because the
plants do not have the means to properly quantify the
effectiveness over time of the chemical stabilizers.

While there are a number of chemical stabilizers available,
only a few have widespread acceptance as being effective.
These products include those from the categories of:
petroleum resins, lignosulfonates, latexes, and salts.

In the past, specialized equipment necessary to apply the
chemical stabilizers onto the tailings was not available.
Currently, equipment does exist which is suitable for such
purposes.

Criteria for selecting a chemical stabilizer and implementing
a successful dust control program are related to:

(a) The characteristics of the tailing surface

(b) The meteorological conditions expected during the life
time of the applied product

(c) The control efficiency desired over time

(d) Problems with the product affecting the milling plant
recovery process

(e) Special product usage requirements, and

(f) Overall product cost effectiveness
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6. The estimated control cost effectiveness of the field tested
chemical stabilizers follows:

Table 18 Control Cost Effectiveness Summary
For Northern Minnesota Iron Range

Desired Level Of Control

75% 90+%
($/acre/3 months) ($/acre/ 3 months)
l. Lignosulfonate 8:1 $130 1. Lignosulfonate 4:1 $186
2. Lignosulfonate 4:1 $186 2. Lignosulfonate 8:1 $195
3. Nalco 656 $222 3. Nalco 656 $222
4. Coherex 9:1 $424 4. Nalco 655 $460
5. Nalco 655 $460 5. Coherex 9:1 $636
6. Coherex 12:1 $510 6. Coherex 12:1 $680
7. Magnesium chloride $3165 7. Magnesium chloride $3165

Control Cost Effectiveness For Utah/Wyoming - Western U.S.A.

1. Nalco 656 $222 1. Nalco 656 $222
2. Lignosulfonate 8:1 $280 2. Lignosulfonate 8:1 $420
3. Coherex 9:1 $424 3. Lignosulfonate 4:1 $450
4. Lignosulfonate 4:1 $450 4. Nalco 655 $460
5. Nalco 655 $460 5. Coherex 9:1 $636
6. Coherex 12:1 $510 6. Coherex 12:1 $680
7. Magnesium chloride $1050 7. Magnesium chloride $1050
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8.0 RECOMMENDATIONS FOR FURTHER RESEARCH

1. The control effectiveness over time of four widely used dust
control products have been determined for the first time in this
study. While the data reflects the tailings characteristics and
meteorological conditions prevalent during the study period, the
control effectiveness results may have been different under
other sets of conditions. Other conditions may include: (a)
variation in the silt content of the tailings, (b) lower amounts
of precipatation, (c¢) higher wind speeds, (d) a wider range of
temperatures, and (e) a lower daily relative humidity.

In order to determine the effectiveness of the chemical
stabilizers under various sets of conditions, field testing of
the chemical stabilizers should be performed at various
locations within the United States. The results of this testing
would show the effect differences in tailings silt content and
meterorological conditions have on the longevity of the chemical
stabilizers.

Such testing would be performed, utilizing the field wind tunnel
technique, in the western United States under arid conditions
and in the eastern and midwestern United States under moderate
and humid/wet type conditions. This information would aid the
operators of tailings basins in their selection of cost
effective chemical stabilizers. Currently, the effectiveness
data concerning the predominately used chemicals is lacking and
the plant personnel do not have the means to determine this
important parameter,

2. In conjuction with the above proposed study, or as a separate
study, research could be performed to determine what chemical
stabilizer application dosages are suitable for various silt
content levels of tailings. The silt content of the tailings in
this study ranged from 5% to 20%. Many plants have tailings silt
contents in the 40% to 90% range. The general application dosage
level reported by product vendors may not be suitable to treat
all size fractions of fine tailings. Research to determine the
most cost effective chemical stabilizer application dosage, for
a range of tailings particle sizes, would be valuable
information for plant personnel to utilize when selecting
products.

3. As part of the above studies, or as a separate study, an
increased data base of emission factors for controlled and
uncontrolled tailings could be developed. A few emission factors
were determined in this study and they exhibited a factor range
of almost 1,500. Additional emission factor data would be useful
to determine: (a) what extent dust emissions increase with
incremental increases in wind speed, and (b) control
efficiencies measured by emissions testing rather than threshold
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velocity testing. These control efficiencies could be used to
determine the amount of emissions actually reduced due to the
use of a chemical stabilizer.

4. An old lead-zinc mining area exits in the southeastern
portion of Kansas, in the vicinity of Galena. This area is
characterized by a number of abandoned industrial process plants
and a considerable acreage of lead-zinc tailings. The area has
been designated as a hazardous waste site and is a site being
considered for EPA Superfund clean-up. A high level of lung
cancer is prevalent in the area, and researchers have attributed
a portion of the lung cancer to the wind erosion dusts of the
abandoned tailings.

Two reasearch programs are proposed to aid the control of these
tailings windborne dusts. Research to determine the most
cost-effective means of stabilizing the exposed tailings, during
the high wind periods of the year, is proposed.

Additionally, research could be conducted to determine whether
chemical stabilization combined with vegetative stabilization
would provide long lasting control of the hazardous, fugitive
dust wind erosion emissions.
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Table B1 DUST CONTROL PRODUCTS

Category Company Name Product Name
Fabric - Burlap, Cheesecloth
Plastic covers
Latex Nalco Chemical Co. 655(8803) & 656
Bordon Chemical Co. Polyco 2440
Firestone Co. FR-S 275
Dow Chemical Co. M 166,167
Alcoa Chemical Co. Soil Guard
Johnson & March Co. sp 301, 400
Wen Don Chemical Co. CPB-12
Lignosulfonate Flambeau Paper Co. Flambinder, N, NX
Arthur Trask Co. Trastan CM-50, 57
Crown Zellerbach Co. Orzan AL & GL 50
American Can Co. Norlig 50 & 58
Ohm Research Products Co. Dust-Bond 100
Protex Industries Co. Soiltex
Southland Co. Peritan & Trastan
Woodchem Co. Woodchem ALS, HP, AB
Petroleum Witco Chemical Co. Coherex
Resins Hercules Co. XDS -1
Arco Mine Sciences Co. Wind Loss Binder
Armak Chemical Co. Neoprine Emulsion
Syntech Inc. Dustax, Petro-Tac
Plastics Bordon Chemical Co. Polyco 2607
Rohm & Hass Co. Acrylic DLRMS
Celtite, Inc. Polybind DLR
Heuley and Company, Inc. 801
E.F. Houghton Rezusol
The Fire Water Co. Crust 500
American Hoechst Curasol
Salts Great Salt Lakes Magnesium Chloride

Minerals & Chemicals Co.
Dow Chemical Co.
Universal Energy Service

Wen Don Chemical Co.
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APPENDIX D, COMPANIES SURVEYED
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APPENDIX E. WIND EROSION THRESHOLD VELOCITY PER MEASUREMENT
PERIOD: 10 METER HEIGHT
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DUST CONTROL CHEMICAL

Coherex 12:1 6 Nalco 655 (Tested On)
Coherex 9:1 7 Magnesium Chloride Wet, Wet
Lignosulfonate 8:1 8 Magnesium Chloride Dry, Dry
Lignosulfonate 4:1 9 Magnesium Chloride Dry, Dry
Nalco 656 10 Uncontrolled Mean
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Figure E2.

WIND EROSION THRESHOLD VELOCITIES DURING PERIOD 2
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1 2 3 4 5 6 7 8 9 10
DUST CONTROL CHEMICAL
Coher=x 12:1 5 Nalco 655
Coher=zx 9:1 7 Magnesium Chloride Wet,
Lignosulfonatg 8:1 8 Magnesium Chloride Dry,
Lignosulfonate 4:1 9 Magnesium Chloride Dry,
Nalco 658 10 Uncontrolled Mean
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Figure E3.

WIND EROSION THRESHOLD VELOCITIES DURING PERIOD 3 (7/8)

(VELOCITY @ 10 METER HEIGHT)
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DUST CONTROL CHEMICAL

Coherex 12:1 6 Nalco 655 (Tested On)
Coherex 9:1 7 Magnesium Chloride Wet, Wet
Lignosulfonate 8:1 8 Magnesium Chloride Dry, Dry
Lignosulfonatse 4:1 9 Magnesium Chloride Dry, Dry
Nalco 656 10 Uncontrolled Mean
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Figure E4.

WIND EROSION THRESHOLD VELOCITIES DURING PERIOD 4 (7/31)

(VELOCITY @ 10 METER HEIGHT)
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DUST CONTROL CHEMICAL
Coherex 12:1 6 WNalco ©55 {(Test=d On)
Coherex 9:1 7 Magnesium Chloride Wet, Wet
Lignosulfonats 38:1 8 Magnesium Chloride Dry, Dry
Lignosulfonates 4:1 9 Magnesium Chloride Dry, Dry
Nalco 656 10 Uncontrolled Mean
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Figure E5.

WIND EROSION THRESHOLD VELOCITIES DURING PERIOD 5 (8/17)

(VELOCITY @ 10 METER HEIGHT)
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Figure E6.

WIND EROSION THRESHOLD VELOCITIES DURING PERIOD 6 (9/21)

(VELOCITY @ 10 METER HEIGHT)
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APPENDIX F. WIND EROSION THRESHOLD VELOCITY OVER TIME: 10 METER
HEIGHT
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Pigure FI1.

WIND EROSION THRESHOLD VELOCITY OVER TIME

(VELOCITY @ 10 METER HEIGHT)
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Figure F2.

LIGNOSULFONATE
WIND EROSION THRESHOLD VELOCITY OVER TIME

(VELOCITY @ 10 METER HEIGHT)
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Figure F3.

NALCO 655 & 656
WIND EROSION THRESHOLD VELOCITY OVER TIME

(VELOCITY @ 10 METER HEIGHT)
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Figure F4.

MAGNESIUM CHLORIDE (MGCL2)
WIND EROSION THRESHOLD VELOCITY OVER TIME

(VELOCITY @ 10 METER HEIGHT)
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APPENDIX G. EFFECT OF RAINFALL ON THRESHOLD VELOCITY: 10 METER
HEIGHT
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Figure Gl.

COHEREX
EFFECT OF RAINFALL ON THRESHOLD VELOCITY

(VELOCITY @ 10 METER HEIGHT)
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SECOND ROW: CUMULATIVE RAINFALL
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Figure G2.

LIGNOSULFONATE
EFFECT OF RAINFALL ON THRESHOLD VELOCITY

(VELOCITY @ 10 METER HEIGHT)
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Figure G3.

NALCO 655 & 656

EFFECT OF RAINFALL ON THRESHOLD VELOCITY

(VELOCITY @ 10 METER HdEIGHT)
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Figure G4.

MAGNESIUM CHLORIDE (MGCL2)
EFFECT OF RAINFALL ON THRESHOLD VELOCITY

(VELOCITY @ 10 METER HEIGHT)
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APPENDIX H. RELATIONSHIP OF SILT CONTENT TO 10 METER HEIGHT
THRESHOLD VELOCITY
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Figure H1.

TACONITE TAILINGS

SILT CONTENT VS.

WIND EROSION THRESHOLD VELOCITY

(VELOCITY @ 10 METER HEIGHT)
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