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ABSTRACT 

A field test was conducted on a uranium tailings pile to evaluate the 
effectiveness of 15 chemical stabilizers for control of fugitive dust from ura­
nium mill tailings. A tailings pile at the Federal American Partners (FAP) 
Uranium Mill, Gas Hills, Wyoming, was used for the field test. Preliminary 
laboratory tests using a wind tunnel were conducted to select the more promis­
ing stabilizers for field testing. Fourteen of the chemical stabilizers were 
applied with a field spray system pulled behind a tractor; one--Hydro Mulch-­
was applied with a hydroseeder. A portable weather station and data logger 
were installed to record the weather conditions at the test site. After 1 year 
of monitoring (including three site visits), all of the stabilizers have 
degraded to some degree; but those applied at the manufacturers• recommended 
rate are still somewhat effective in reducing fugitive emissions. The follow­
ing synthetic polymer emulsions appear to be the more effective stabilizers: 
Wallpol 40-133 from Reichold Chemicals, SP-400 from Johnson and March Corpora­
tion, and CPB-12 from Wen Don Corporation. Installed costs for the test plots 
ranged from $8,400 to $11,300/ha; this range results from differences in stabi­
lizer costs. Large-scale stabilization costs of the test materials are 
expected to range from $680 to $3600/ha based on FAP experience. Evaluation of 
the chemical stabilizers will continue for approximately 1 year. 
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SUMMARY 

Pacific Northwest Laboratory (PNL), under contract to the U.S. Nuclear 
Regulatory Commission, is investigating technologies to reduce fugitive dust 
emissions from uranium mill tailings. These technologies include the use of 
physical and chemical stabilizers. In(A~gust 1982, a field test was initiated 
at the Federal American Partners (FAP) a Uranium Mill, Gas Hills, Wyoming. 
The objective of the field test was to evaluate and compare the effectiveness 
of selected stabilizers on a 0.57-ha (1.42-acre) test site divided into 30 
individual (6 x 20 m) test plots. Results from the field test have demon­
strated that the stabilizers applied at the manufacturerS 1 recommended applica­
tion rate are somewhat effective in reducing fugitive dust emissions on a 
short-term basis (~1 year). This report details the preliminary activities, 
the 1982 field test, and the subsequent monitoring activities; the results are 
summarized below. 

PRELIMINARY ACTIVITIES 

• Preliminary laboratory studies (including wind tunnel tests) were 
used to test 34 chemical stabilizers under a variety of conditions 
(wind speed, temperature cycling, wet/dry cycling, application rate, 
concentration, etc.) using simulated tailings; 15 chemical stabi­
lizers were selected for the field test. 

• Eight uranium mills were visited to select a field test site. The 
FAP site was chosen because of its location, tailings condition, and 
availability of space and equipment. 

• A portable field spray system consisting of a 6-m spray boom with 12 
nozzles and a gas-powered pump that could be pulled behind a tractor 
was selected for the field test. 

FIELD TEST ACTIVITIES 

The field test activities consisted of site preparation and characteriza­
tion, stabilizer application, and field test monitoring. 

Site Preparation and Characterization 

• The 0.57-ha test site is located on the southwest side of the No. 2 
tailings pile (primarily beach sands). The top ~5 em of the tail­
ings were removed because the site had been previously stabilized 

(a) FAP recently changed its name to American Nuclear Corporation-Gas Hills 
Project. 
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with a lignin sulfonate stabilizer (Orzan C). The surface was 
leveled, and the 30 test plots were surveyed. 

• Each test plot was sampled at five locations to a depth of ~5 em 
just prior to stabilizer application. Moisture and particle size 
analyses were performed. The moisture content of the tailings 
ranged from 1.6 to 8.2 wt% (dry basis); the higher moisture content 
resulted from rain prior to stabilizer application. 

• Screen analysis showed that the particle size distribution of each 
test plot was nearly the same, indicating that the surface tailings 
of the test area were uniform. 

• The amount of water-soluble salts present in the tailings test plots 
was determined. In some cases these salts might be detrimental to 
the longevity of the stabilizers; but, due to the natural crusting 
that occurs when these salts dry, they may actually decrease the 
amount of erosion. This chemical analysis further verified the 
uniformity of the tailings in the test plots. 

Stabilizer Application 

• Fifteen chemical stabilizers were applied at two selected concentra­
tions: the manufacturers 1 recommended application and one-half that 
application. 

• Fourteen of the stabilizers were applied with the portable field 
spray system previously described. Minor problems were noted in the 
application of Soil Gard, which coagulated in the sprayer pump tank. 
Hydro Mulch with an added tackifier was applied to two test plots 
using a hydroseeder. 

• Selected areas on each test plot were identified, marked, and photo­
graphed to monitor changes with time. 

• The installed costs of the chemical stabilizers were determined for 
each test plot; they ranged from $8,400 to Sll,300/ha. Material 
costs ranged from $360 to $3,280/ha. Large--scale stabilization 
costs for the test materials are expected to be considerably lower, 
ranging from $680 to $3600/ha based on FAP experience. 

Field Test Monitoring 

• After 1 year of monitoring (including three site visits), the stabi­
lizers have degraded to some degree; but those applied at the manu­
facturers1 recommended concentration still appear to be somewhat 
effective in reducing fugitive tailings emissions. The following 
synthetic polymer emulsions were found to be the more effective 
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chemical stabilizers: Wallpol 40-133 from Reichold Chemicals, 
SP-400 from Johnson and March Corporation, and CPB-12 from Wen Don 
Corporation. 

• The weather conditions at the test site were monitored by a portable 
weather station and data logger. Wind speed and direction, soil and 
air temperature, humidity, solar radiation, and rainfall were 
recorded. These data are being used to help evaluate the effective­
ness of the stabilizers. 
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INTRODUCTION 

During the operating life of most uranium mills, process tailings are gen­
erally deposited as a slurry in exposed impoundment areas. With time, the 
water separates from the tailings, leaving a new surface layer of tailings 
behind the impoundment dam. As the surface of these tailings dries, areas may 
become subject to wind erosion. If the surface of the tailings is not properly 
stabilized, wind erosion of the tailings pile will continue throughout the 
operating phase of the mill and beyond; and wind-blown tailings will impact 
nearby areas. Permanent reclamation of the tailings pile will ordinarily be 
performed once the impoundment area is no longer used for tailings disposal, 
according to the mill's licensing agreement. However, during the active phase 
of the disposal area and the interim period before final closure, an effective 
method of temporary surface stabilization is necessary to prevent wind erosion 
of the mill tailings. 

In response to this need, Pacific Northwest Laboratory (PNL)(a) is inves­
tigating the effectiveness, durability, and cost of interim stabilization 
methods to mitigate the wind erosion of exposed tailings surfaces. The first 
phase of this U.S. Nuclear Regulatory Commission (NRC)-sponsored study was to 
identify available stabilizatio? 1 ~terials and techniques that could be applied 
to uranium mill tailings piles. Currently available stabilizer materials 
and industrial users of these products (including mining companies and con­
struction industries where fugitive dust is a problem) were reviewed. Soil 
stabilization methods were grouped into the following categories: chemical, 
physical, and vegetative stabilization; and 34 chemical stabilizers were iden­
tified. All of these materials are applied as liquids to the soil surface and 
most require dilution with water. Chemical stabilizers appeared to be the most 
effective for interim stabilization of uranium mill tailings and are generally 
the easiest to apply to a mill tailings pile. 

In the next phase of the study, both laboratory and field studies were 
conducted to evaluate the effectiveness and durability of selected stabilizer 
materials. Because of the large number of commercially available stabilizers, 
some preliminary laboratory-scale wind tunnel studies were performed to iden­
tify the more promising chemical stabilizers and thus limit the number of sta­
bilizers to be field tested. In August 1982, a field test was initiated at a 
uranium mill tailings pile in Wyoming. Weather data were recorded at the test 
site, and the test plots are being periodically monitored to study the effects 
of site and environmental conditions on the durability of the stabilizers. 

This report summarizes the preliminary laboratory studies, describes the 
field test activities, and presents some preliminary observations based on 
short-term (1 year) monitoring of the test site. 

(a) Operated for the U.S. Department of Energy (DOE) by Battelle Memorial 
Institute. 
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CONCLUSIONS AND RECOMMENDATIONS 

The following general conclusions can be drawn from the field test and 
1 year of monitoring: 

• Chemical stabilizers are generally effective in reducing fugitive 
dust emissions from uranium mill tailings over the short term 
1-1 year). 

• The use of a specific stabilizer will depend on the requirements at 
each site and on the availability and cost of the stabilizer. 

• The stability of the tailings pile should not be greatly influenced 
by the presence of the chemical stabilizers; the thin stabilizer 
crust would generally deteriorate before a new tailings layer would 
be deposited. 

• Site climatic conditions (wind, rain, snow, and freeze/thaw) will 
strongly influence the durability of the stabilizer. 

Based on results of the field test after 1 year of monitoring, the follow­
ing general recommendations are made: 

• An additional 1 to 2 years of field test monitoring are needed to 
evaluate the overall effectiveness and durability of the 
stabilizers. 

• Some additional field testing should be conducted using new or 
improved chemical stabilizers that have been identified. 

• Wind screen systems may be cost effective for controlling fugitive 
dust when used separately or in conjunction with chemical stabi­
lizers. A field test to evaluate wind screens should be conducted. 
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PRELIMINARY ACTIVITIES 

Prior to the field test, a number of preliminary activities were per­
formed, including: 1) selecting a reasonable number of stabilizers to be 
tested from those that were commercially available and identifying specific 
requirements of the selected stabilizers, such as moisture, temperature, and 
application method; 2) reviewing available application equipment; and 
3) selecting an appropriate field test site. 

STABILIZER SELECTION 

An earlier report on interim stabilization(!) reviewed the state-of-the­
art technology for fugitive dust control, including available stabilizer mate­
rials and methods of application. Based on this review, samples of different 
chemical stabilizers were obtained from manufacturers. Laboratory wind tunnel 
tests were conducted at PNL to evaluate these stabilizers. From these tests, 
the stabilizers were ranked according to their effectiveness for stabilizing 
the surface of treated sand samples. Details of these laboratory tests will be 
reported separately. The following discussion includes only the stabilizers 
that were selected for the 1982 field test. 

Operators at several uranium mills indicated that the beach areas of the 
tailings piles contribute the most to blowing dust. These areas are the first 
to dry out and have a particle size distribution that is more susceptible to 
wind erosion than the finer material (slimes) closer to the pond area of the 
tailings dam. Samples were obtained from the beach areas of different tailings 
piles, and particle size analyses were performed. The average size distribu­
tion of the beach area tailings was determined from these analyses (Figure 1). 
This distribution was used to prepare simulated tailings from nonradioactive, 
locally available sand (Table 1). The sand was screened to remove material 
larger than 12 mesh (>1.70 mm); the bulk of the material was between 20 and 100 
mesh (150 to 850 ~). The sand was dried overnight at 100°C and divided into 
samples of ~4000 g each. These sand samples were then placed in 23 x 30.5-cm 
pans, leveled, and weighed on an electronic balance. 

The chemistry of the tailings (pH and water-soluble salts) was not dupli­
cated in the simulated tailings sand for these initial screening tests. The pH 
of the tailings and the water-soluble salts that reprecipitate as the tailings 
dry varies widely from site to site because differences in the mineralogy of 
the ores require specific differences in processing. For later laboratory 
tests, the sand was treated to be chemically similar to the FAP tailings. No 
discernible effect on the effectiveness of the stabilizers was noted. Although 
the chemistry of the tailings may not influence the immediate effectiveness of 
the stabilizers, it may affect the durability of some of the materials with 
time. 
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FIGURE 1. Average Size Distribution of Beach Area Tailings 

Each of the chemical stabilizers was applied to the simulated tailings 
according to the manufacturer's recommendations for dilution and application 
using a small compressed air paint sprayer (Figure 2). The total application 
of each material was calculated for the surface area of the pan and was 
determined by the weight gain of the pans as they were sprayed. The treated 
sand was allowed to cure for a minimum of 3 days at room temperature ( ~21°C ). 
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TABLE 1. Size Distribution of Sand Used as Simulated Tailings 
for Laboratory Tests 

Cumulative 
wt% wt% 

Mesh Openin9 Retained Retained 

12 1.70 mm 0 0 .. 16 1.18 mm 1.18 1.18 
20 850 lJm 2.54 3. 72 
30 600 lJm 5.18 8.90 
40 425 lJm 16.23 25.13 
50 300 lJm 41.31 66.44 
70 212 lJm 19.85 86.29 

100 150 lJm 8.83 95.12 
140 106 lJm 2.80 97.92 
200 7 5 lJm 1.16 99.08 
270 53 lJm 0.33 99.41 
325 45 lJm 0.06 99.47 

-325 0.53 100.00 

FIGURE 2. Spraying Stabilizers on Sand Samples for Wind Tunnel Tests 
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After the curing period, the samples were reweighed and subjected to a 
variety of tests using a large wind tunnel (Figure 3). The wind tunnel had a 
9.1-m long test section with a 0.6 x 0.6-m cross section and was capable of 
generating winds in excess of 27 m/s. A floor panel in the middle of the test 
section was removed and replaced with a stainless steel cutout to hold the sam­
ple pan level with the floor of the wind tunnel. The sample pan was placed in 
the cutout and the edges were taped to minimize any turbulence caused by 
obstructions in the airflow around the sample. Fi gure 4 shows a sample pan 
being placed in the wind tunnel for testing. , 

The sample was placed in the tunnel, the turbine was started, and the wind 
speed across the sample was gradually increased until sand erosion occurred or 
a wind velocity of 27 m/s (near the upper limit of the wind tunnel) was 
reached. The usual test period was 15 min. The sample pans were then removed 
and weighed, and any weight loss was recorded along with observations made 
during the test. These results were compared with base-line tests run on 
untreated pans of sand under the same conditions. 

FIGURE 3. Wind Tunnel Used in Laboratory Tests 
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FIGURE 4. Sample Being Inserted in Cutout Floor Section of Wind Tunnel 

Similar tests were conducted where the stabilizers were applied in differ­
ent amounts. One series was run with the stabilizers at half the recommended 
application, and another series was run where the stabilizers were applied at 
an equivalent cost per unit of surface area based on material costs supplied by 
the manufacturers. These costs were the delivered costs for the amount neces­
sary to treat a 40-ha tailings pile at a hypothetical mill in central Wyoming. 
This basis was chosen because unit prices for the stabilizers vary with the 
total order size and shipping costs are often a significant portion of the 
total cost. 

The stabilizers tested in each series were ranked in order of wind erosion 
control effectiveness based on weight loss data and observations made during 
wind tunnel testing. It was initially hoped that as few as six materials would 
be identified for the subsequent field test; however, results from these pre­
liminary screening tests indicated that 14 of the 34 chemical stabilizers were 
equally effective and superior to the remainder of those tested. These stabi­
lizers (Table 2) were selected for the field test. 

One additional stabilizer, Hydro Mulch, was also included in the field 
test. This stabilizer is a wood fiber material that is applied to the surface 
of the soil to decrease wind erosion. Its effectiveness is increased by mixing 
a binder, usually some type of organic glue, with the fiber slurry to bind it 
to the surface of the soil. It is then slurried with water and sprayed onto 
the soil surface. It was not tested in the laboratory because no suitable 
method for accurately applying the wood fiber slurry to the small pans was 
found during the brief period of laboratory testing. 
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TABLE 2. Stabilizers Selected for Field Test 

Stabilizer 
Aerospray-70 

Dust Loc VMX-50 

Polyco 2151 

Manufacturer 
American Cyanamid Co., Wayne, 
New Jersey 
American Energy, Pico Rivera, 
California 
Borden Chemicals, Compton, 
California 

M-167 Dowell/Dow Chemical, Denver, 
Colorado 

SP-400 Johnson and March Corporation, 
Philadelphia, Pennsylvania 

Marloc Reclamare Co., Seattle, 
Washington 

Wallpol 40-133 Reichold Chemicals, Inc., 
Tacoma, Washington 

Dust Binder C-266 Union Carbide Corporation, 
Long Beach, California 

Soil Gard Walsh Chemicals, Philadelphia, 
Pennsylvania 

CPB-12 Wen Don Corporation, Price, 
Utah 

Sandstill II Energy Systems, Mclean, 
Virginia 

Coherex Witco Chemical Co., 
Bakersfield, California 

Orzan A Crown Zellerbach, Vancouver, 
Washington 

Dust Gard Great Salt Lake Minerals, 
Salt Lake City, Utah 

Hydro Mulch Conwed Corporation, St. Paul, 
Minnesota 

Composition( a) 

Synthetic polymer emulsion; 
polyvinyl acetate 
Synthetic polymer emulsion; 
acrylic 1 atex 
Synthetic polymer emulsion; 
vinyl acetate/acrylic 
copolymer 
Synthetic polymer emulsion; 
latex, wetting agent, 
propylene glycol 

Synthetic polymer emulsion; 
latex emulsion (proprietary) 
Synthetic polymer emulsion; 
polyvinyl acetate 
Synthetic polymer emulsion; 
vinyl acetate/acrylic 
copolymer 
Synthetic polymer emulsion 

Synthetic polymer emulsion; 
styrene butadiene 
Synthetic polymer emulsion; 
aqueous acrylic emulsion 
with conditioners 
Petroleum resin emulsion; 
petroleum resins/wetting 
agent 
Petroleum resin emulsion; 
petroleum oils and resins / 
wetting agents 
Lignin sulfonate; 
ammonium ligin sulfonate 
Hygroscopic MgC1 2 brine 

Wood fiber mulch 

(a) The actual chemical composition of most of the chemical stabilizers is 
considered to be confidential by the manufacturer. 
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APPLICATION EQUIPMENT REVIEW 

One of the preliminary activities of this study was to select a suitable 
method of stabilizer application. Since all the chosen chemical stabilizers 
were to be applied as liquids, a suitable spraying system was required. The 
proper sprayer had to satisfy certain technical and practical constraints. 

Stabilizer Constraints 

The materials chosen as the candidate stabilizers for the field test cov­
ered a wide variety of compositions, including: synthetic polymer emulsions, 
petroleum resin emulsions, lignin sulfonate, and a concentrated chloride solu­
tion. In choosing a sprayer system, the corrosion resistance of the sprayer 
was a consideration. The magnesium chloride solution, for instance, is poten­
tially very corrosive. The different types of materials necessitated having a 
delivery system that could be easily and thoroughly cleaned between each 
application. 

All but one of the stabilizers were highly diluted with water, and the 
resulting viscosities were nearly that of water. No special considerations 
regarding highly viscous solutions were necessary in selecting the sprayer. 
The magnesium chloride solution was not diluted; it was to be applied full 
strength as delivered. Although the solution density was much higher than the 
others, the viscosity was not much different. 

Test Site Constraints 

The rather remote location of the field test required that the application 
system be self-contained and portable. Additionally, the system had to operate 
on the surface of the unconsolidated tailings pile. Most important was the 
ability of the sprayer to cover the tailings pile uniformly. 

Equipment Selection 

Various spray systems were considered for the field test, including sev­
eral airless sprayers, compressed air sprayers, gas and power-takeoff field 
sprayers, sprayers with hose and nozzle delivery systems, and others with boom­
type spray bars. The most suitable sprayer--and the one chosen for the fi~ld 
test--was a boom-type field sprayer pulled behind a tractor. The Pul-Tank 
sprayer had a 380-t stainless steel agitated storage tank and a pump powered by 
a small gasoline engine (Figure 5). The sprayer output was adjustable through 
a recycle valve. Stabilizer application to the test plots was also adjustable 
by varying the speed of the tractor. Calibration of the sprayer and applica­
tion of the stabilizers are described in more detail in later sections. 

®Manufactured by Rear•s Manufacturing Co., Eugene, Oregon. 
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FIGURE 5. Application of Chemical Stabilizers with a Small Field Sprayer 

FIELD TEST SITE SELECTION 

While the laboratory screening tests were being conducted, a number of 
·active uranium mills were visited to locate a suitable field test site for the 
stabilizer testing . The following criteria were established for the field test 
site : 

• The test site should be on a currently or recently active tailings 
pile. 

• The test site should be on the beach area of a tailings pile and if 
possible should be located on the prevailing windward side of the 
pile. 

• The test site should be in an area that coul d be left undisturbed 
for 2 to 3 years for monitoring. 

• Since the majority of mills use an acid leach process, the test site 
should be located at one of these mills. 

The eight mills visited for site selection are shown in Table 3. Of 
these, one mill was particularly well suited for the field test: the Federal 
American Partners Mill (FAP) , Gas Hills, Wyoming. This acid leach process mill 
had been recently shut down; therefore, tailings were no longer being deposited 
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TABLE 3. Uranium Mills Considered for Field Test 

Mill 
Union Carbide Corporation 
Kerr-McGee Corporation 
Atlas Corporation 
Rio Algom Corporation 
Federal American Partners 
Lucky Me Pathfinder 
Union Carbide Corporation 
Western Nuclear 

Location 
Uravan, Colorado 
Grants, New Mexico 
Moab, Utah 
LaSal, Utah 
Gas Hills, Wyoming 
Gas Hills, Wyoming 
Gas Hills, Wyoming 

Gas Hills, Wyoming 

on the tailings pile. The tailings pile has a wide, flat beach area on its 
south-southwest side, which faces into the prevailing wind. The entire pile is 
raised above the surrounding area for maximum weather exposure. At the time 
the site selection was made, personnel at the mine indicated that it would be 
at least a few years before production resumed. This delay would allow ade­
quate time for continued monitoring of the test site. Much of the equipment 
required for the field test was available for PNL use at the site. A particu­
lar benefit was the availability of a hydroseeder, which is designed for apply­
ing Hydro Mulch and similar materials. It consists of an agitated tank and a 
high-pressure pump. The availability of the hydroseeder allowed the inclusion 
of the wood fiber mulch stabilizer in the list of field-tested stabilizers. 

13 
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FIELD TEST ACTIVITIES 

Once the preliminary activities of selecting the stabilizers, the applica­
tion system, and a field test site were completed, the following activities 
were conducted at the FAP mill site, Gas Hills, Wyoming. The installation of 
the field test was carried out from August 23 to September 3, 1982. 

TEST SITE PREPARATION 

The field test site was located on the FAP No. 2 tailings pile (Figure 6). 
This tailings pile is elevated above the surrounding grade allowing maximum 
exposure to winds from all directions. This location was also convenient for 
vehicle access and close to the mill buildings where materials and equipment 
were stored. A portion of the beach area on the south-southwest side of the 
tailings pile was selected for the test site. This area is shown in Figure 7 
in relationship to surrounding features at the mill site. 

A short time before the field test began the Wyoming Department of Envi­
ronmental Quality had required that FAP stabilize their tailings piles in some 
manner to prevent wind erosion. A small test program performed by FAP prior to 
this requirement indicated that Orzan, a lignin sulfonate product, would be the 
most cost-effective material for this task. Several thousand gallons of the 
product were applied to as much of the tailings pile as could be reached; some 

FIGURE 6. Federal American Partners Tailings Pile, Gas Hills, Wyoming 
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FIGURE 7. Plan View of Field Test Site on FAP Tailings 
Pile and Surrounding Features 
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of the pond area was still wet and inaccessible to the spraying equipment. The 
lignin sulfonate was sprayed from a tank truck fitted with a high-pressure pump 
and a hand-held hose. The stabilizer effectively protected the treated portion 
of the tailings pile from further erosion, but the durability of the material 
was not certain. Because of the lignin sulfonate on the tailings surface, the 
top 5-cm layer of tailings was removed for the field test. However, the sta­
bilized area surrounding the test plot minimized the amount of tailings that 
might be blown onto the test area from the rest of the pile. 

For the field test, an area slightly larger than the subsequent test plot 
was prepared. Several cross-sectional samples of the surface showed ~1 to 2 em 
of penetration by the stabilizer. The Orzan had been applied to the tailings 
~1 month earlier, and very little rain had fallen to cause further penetration 
of the stabilizer. A motor-grader removed the top ~5 em of tailings and pushed 
them to the north side of the test plot. The tailings with the Orzan were a 
much darker color than the untreated tailings, which allowed the grader opera­
tor to effectively remove all of the stabilized tailings, leaving an exposed 
surface of untreated tailings for the field test. Surface removal operations 
with the grader are shown in Figure 8. 

The grader left a very uneven, undesirable surface of deep tire tracks and 
small windrows of tailings. Therefore, the test area was leveled and smoothed 
by several passes of a tractor and disk, followed by a tractor and harrow (Fig­
ures 9 and 10). This procedure produced a very level and more compacted sur­
face that made subsequent stabilizer application muc~ easier. 

FIGURE 8. Grader Removing Treated Surface Tailings from Test Plot Area 
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FIGURE 9. Tractor and Disk Leveling Test Plot Area 

FIGURE 10. Tractor and Harrow Preparinq a Smooth Surface 
on Test Plot Area 
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The perimeter of the actual test site was marked by an FAP survey crew. 
The overall test area measured 87 x 66 m and was composed of 30 subplots, each 
6 x 18.45 m. Access strips for driving on the test area were placed between 
each test plot. Weather data for this area indicated that the prevailing winds 
occur out of the south-southwest; therefore, the test area was oriented with 
the length of the subplots aligned in this direction. Figure 11 shows the test 
area layout and the locations of the weather station and the five moisture 
sensors • 
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FIGURE 11. Field Test Area Consisting of 30 Test Plots 
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TEST SITE CHARACTERIZATION 

The stabilizers were applied over a period of a few days that included 
varying weather conditions. Each subplot was sampled just before the stabi­
lizer was applied so that the moisture content of the tailings surface was 
known at the time of application. Surface samples were taken to a depth of 
-5 em from five places on each subplot and combined into one composite sample. 
This composite sample was then split into smaller samples that were used for 
several characterization studies, including moisture analyses, particle size 
distributions, and water-soluble salts contained in the tailings. 

The moisture content for each subplot is shown in Table 4. Most of the 
variation in moisture content, which ranged from 1.58 to 8.17 dry wt%, is due 
to the different sampling times corresponding to when the stabilizers were 
applied rather than to differences in the tailings. For example, on one occa­
sion there was a light rain during the night that resulted in higher surface 
moistures the following morning than for the preceding day in the same area. 

Particle size analyses were performed on several of the samples using a 
Gilson wet sieve shaker® (Figure 12). It was particularly suitable for this 
application because water-soluble salts that precipitated as the tailings dried 
out tended to agglomerate the finer particles. Wet screening redissolved these 

TABLE 4. Surface Moisture for Test Plots Prior 
to Stabilizer Application 

Moisture Content,(a) Moisture Content, 
Plot wt% (dry basis) Plot -- wt% (dry basis) 

3 5.67 17 2.94 
4 1.86 18 2.95 
5 2.42 19 2.37 
6 2.62 20 3.37 
7 2.11 21 8.17 
8 2.97 22 5.87 
9 5.76 23 5.37 

10 5.23 24 1.91 
11 6.99 25 2.12 
12 7.06 26 1. 75 
13 5.79 27 1.90 
14 2.61 28 2.34 
15 2.64 29 1.99 
16 2.80 30 1.58 

(a) Moisture in top 6 em of tailings. 

®Manufactured by Gilson Company, Inc., Worthington, Ohio. 
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FIGURE 12. Gilson Wet Sieve Shaker Used for Tailings 
Particle Size Distribution Studies 

salts, g1v1ng a more accurate size distribution of the material. Size distri­
bution determinations indicated that the material on the surface of the test 
plot was very uniform (Table 5). 

Since the stabilizers were applied as water solutions, water-soluble salts 
in the tailings may be detrimental to the effectiveness of the stabilizers by 
redissolving and reacting with them. Water-soluble salts were determined as 
part of the characterization studies. Tailings samples were divided into 60-
to 85-g samples and then leached with deionized water in a stirred beaker for 
10 min at room temperature (~21°C). These leach tests were done at a pulp 
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TABLE 5. Size Distribution Analysis for Test Plot Surface Samples 

Average Range 
Opening Cumulative of wt% Retained 

Mesh Size wt% Retained [ow High 
12 1. 70 mm 3.74 1.44 5.32 
16 1.18 mm 11.82 6.25 9.86 
20 850 un 23.63 10.34 14.15 
30 600 un 38.56 13.48 16.91 
40 425 un 55.20 15.47 17.41 
50 300 un 68.45 11.81 15.47 
70 212 un 76.09 6.71 8.70 

100 150 un 82.12 4. 73 6.80 
140 106 un 85.67 2.56 4.13 
200 75 un 88.09 1.71 2.88 
270 53 un 89.32 0.84 1.49 
325 45 un 90.24 0.28 0.41 

density of 10 wt% solids. The slurries were filte~ed through 10-un filter 
paper, and the filtrate solutions were analyzed for dissolved anions by ion 
chromatography (!C) and for metal ions by induction-coupled plasma spectrometry 
(ICP). Results of the solution analyses are shown in Table 6. 

Charge balances calculated from these solution analyses are very near 
unity, indicating that no major species were omitted from the analyses. These 
data suggest that water-soluble salts in the tailings at the time of sampling, 
and therefore when the stabilizers were applied, were primarily sulfates of 
aluminum, calcium, iron, and magnesium. One anomaly appeared to be magnesium 
chloride in the sample from Plot 20. Chloride was nil and magnesium was much 
lower for the other samples. 

With the exception of the magnesium chloride in the Plot 20 sample, char­
acterization studies show that the surface tailings were quite uniform, both 

TABLE 6. Water-Soluble Salt Analyses of Test Plot Surface Samples 

Concentration of Water-Sol uble Salts, 
mr/9-tail i ngs 

so4 Cl Plot Al Ca _e_ ~ --
12 0.20 4.90 0.55 0.10 15.45 
16 0.58 5.50 1.60 0.32 24.28 
20 0.27 4.60 0. 75 1. 70 19.87 2.49 
23 0.20 5.10 0.71 0.10 17.08 
27 0.29 2.20 1.40 0.16 12.20 
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physically and chemically. The potential effects of water-soluble salts on the 
effectiveness of the stabilizers are being studied but have not yet been 
determined. 

TEST SITE INSTRUMENTATION 

A self-contained remote weather station (Figure 13) was installed to moni-
, tor meteorological conditions, and instrumentation was added to monitor the 

temperature and moisture content of the tailings surface in the test area. 
Gypsum moisture blocks were placed in five of the plots just beneath the sur­
face of the tailings to monitor moisture (Figure 11). The moisture blocks were 
buried prior to spraying the stabilizers so that once the stabilizers were 
applied the test plot surface would not be disturbed. 

The weather station was erected in the center of the test area on Plot 15 
(see Figure 11). Meteorological conditions monitored by the weather station 

• 

FIGURE 13. Weather Station Installed at Field Test 
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include: wind speed (1m and 3m above the surface), wind direction, air temp­
erature, relative humidity, solar radiation, precipitation, soil temperature, 
and soil moisture with a second type of moisture sensor. The precipitation 
gauge is propane heated to measure snowfall. 

All instrumentation is connected to two battery-operated data loggers. 
The data loggers interpret the data received from the sensors through a series 
of internal programs and store the data on cassette tapes. The tapes are then 
periodically retrieved for analysis. The data loggers were buried below ground 
in an insulated steel column to protect them from water and extreme tempera­
tures. Two small solar panels beside the column continually recharge the data 
logger batteries. 

STABILIZER PREPARATION AND APPLICATION 

The chemical stabilizers were shipped as liquids in containers ranging 
from 19-t pails to 208-t drums, depending on the amounts required or the mini­
mum shipment size that would be delivered by the manufacturer. The Hydro Mulch 
(shipped in 27-kg bales) was to have an organic tackifier already mixed with 
the wood fiber; however, the product that was shipped did not include the tack­
ifier. Another organic tackifier that had been usfd in similar applications 
with an untreated wood fiber was available at the site. This tackifier was 
mixed with the Hydro Mulch for the field test at ~2.3 kg of tackifier per 27 kg 
of wood fiber. The wood fiber mulch was pretreated with green dye, which 
allowed the operator to see the fiber on the soil surface and estimate the 
amount being applied. Ultraviolet light quickly faded the green dye; in a few 
days, the wood fiber was nearly indistinguishable from the soil. 

The hydroseeder used to apply the Hydro Mulch slurry ca~ be used from the 
back of a truck; the one used for the field test had a 5.7-m tank and a 
gasoline-powered high-pressure pump. The slurry was delivered through inter­
changeable nozzles that can create selected spray patterns. 

Plot 1 was treated with 27 kg of Hydro Mulch and 2.3 kg of tackifier 
slurried with 757 t of water. Plot 2 was treated with 13.6 kg of Hydro Mulch 
and 1.15 kg of tackifier in 380 t of water. The slurry was applied as evenly 
as possible to the test plots, but uniform coverage was difficult with this 
system. Application of the Hydro Mulch with the hydroseeder is shown in 
Figure 14. 

The chemical stabilizers were applied to the remaining test plots with the 
small field sprayer described earlier. The sprayer was first calibrated with 
several nozzles. The nozzles dispensed a total of 38 t/min, which was the 
maximum output from the 12 nozzles on the boom. The spray booms were origi­
nally designed to be on each side of the sprayer but were combined into a 
single 6.1-m boom on the left side of the sprayer. This boom could cover the 
entire width of the test plot without running the tractor and sprayer on the 
plot. Because of the long length of the boom, one person supported it at a 
constant distance from the ground to maintain the same spray pattern on the 
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FIGURE 14. Application of Hydro Mulch (wood fiber/water slurry) 
with Hydroseeder 

tailings surface when operating the sprayer on uneven ground. The application 
rates were changed as necessary by adjusting the speed of the tractor. This 
method was more accurate than adjusting the sprayer output with the recycle 
valve. Calibration curves for tractor speed versus engine rpm and gear selec­
tion were developed for the range of required ground speeds (0.9 to 1.83 km/h). 
For each product, the appropriate tractor speed was chosen to require an even 
number of passes across the test plot. Alternate passes with the sprayer were 
then made on opposite sides of the test plot. This procedure eliminated uneven 
application caused by the spray nozzles nearest the pump dispensing more solu­
tion than the ones at the outer end of the boom due to friction losses across 
the boom. 

The required amounts of stabilizers were measured and poured into the 
sprayer tank, and water was added to the sprayer tank from a water truck. The 
proper diluted volume was determined by a sight-glass tube connected to the 
side of the tank. The solution was thoroughly mixed by an agitator that was 
built into the tank and operated by the pump's engine. When the tank was 
filled, the pump engine was left running to keep the solution stirred. Appli­
cation was started and stopped by a distributor valve on the sprayer that was 
operated from the tractor. By careful adjustment of the application rates and 
close attention to stabilizer material volumes, the stabilizer amounts that 
were applied agreed well with the calculated requirements. The application 
rates and concentrations for each stabilizer are shown in Table 7. 
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TABLE 7. Dilution and Application Rates of Field-Tested Stabilizers 

Stabilizer 

Aerospray-70 

Coherex 

CPB-12 

Dust Binder C-266 

Dust Gard 

Dust Loc VMX-50 

Hydro Mulch 

M-:167 

Marloc 

Orzan A 

Polyco 2151 

Sandstill II 

SP-400 

Soi l Gard 

Wallpol 40-133 

Reco11111ended 
Dilution 

with Water 
1:10 

1:5 

1:10 

1:20 

Undiluted 

1:8 

1 lb:2 gal 

1:20 

1:16 

1:3 

1:40 

1:5 

Undi 1 uted 

1:15 

1:5 

Application 
Full 
2.24 

2.24 

2.24 

2.24 

2.24 

1.64 

3.74 

1.87 

2.81 

2.24 

2. 24 

2.24 

0.42 

1.22 

2.24 

Rate, (a) 
Half 
1.12 

1.12 

1.12 

1.12 

1.12 

0.82 

1.87 

0.94 

1.40 

1.12 

1.12 

1.12 

0.21 

0.61 

1.12 

(a) Full indicates the manufacturers' reconmended applica­
tion rate. Half indicates one-half the manufacturers ' 
recommended application rate. 

The stabilized test plots were allowed to cure for two days, and then a 
survey was made of surface characteristics. Table 8 summarizes the observa­
tions made during that survey. Photographs were taken of each test plot to 
document the initial characteristics; additional phot os are shown in Appen-
dix A. These observations included relative surface crust hardness, approxi­
mate depth of stabilizer penetration, etc. The summary describes characteris­
tics of the test plots that were stabilized using the full recommended amounts. 
For the half-strength plots, observable characterist~cs were similar to the 
corresponding full-strength plots, except that penetration was not as deep. 
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In nearly all cases, the 15 stabilizers were sprayed onto the test plots 
with no difficulties. Minor problems were noted in the application of Soil 
Gard, which coagulated in the sprayer tank, pump, and nozzles, resulting in 
difficulties in cleaning the sprayer before the next stabilizer was applied. 
The sprayer system had been thoroughly cleaned before adding the Soil Gard, and 
previous laboratory tests with this material had not resulted in coagulation of 
the solution. One possible reason for this occurrence is that an adverse reac­
tion could have occurred between the stabilizer and the water used to dilute 
the product. The manufacturer recommends that hard water or water with a low 
pH not be used to dilute the Soil Gard. Water from a runoff collection pond 
was used in the field test. Subsequent laboratory tests with water chemically 
similar to that used in the field test resulted in a minor degree of coagula­
tion of the emulsion. None of the other products reacted the same way when 
diluted. This incident proved to be the only problem encountered during appli­
cation of the chemical stabilizers. Although it did require disassembling the 
pump to clean the sprayer system, the problem with the emulsion did not seri­
ously interfere with spraying of the product. Reasonably uniform coverage was 
achieved with the Soil Gard. 

The only other application problem was in spraying the Hydro Mulch. The 
hydroseeder used for spreading the mulch is designed for large-scale applica­
tions. The small size of the test plots and the difficulty of producing uni­
form coverage of the test plots created some problems. However, the hydro­
seeder is very well adapted for spraying the wood fiber mulch on larger pro­
jects where less uniform application is acceptable. 

SITE PROTECTION 

Once all the stabilizers were applied, a few activities were performed to 
protect the test site. One of these tasks was to stabilize the area surround­
ing the test plots where traffic had disturbed the surface. Without some form 
of stabilization, this loose material could easily be blown onto the surface of 
the test plots and interfere with the evaluation of the stabilizers. In most 
cases, the amount of stabilizer needed for the test plot was less than what was 
shipped from the manufacturer. The remainder was applied to the traveled areas 
in heavier amounts than on the test plots to ensure that those areas would be 
less susceptible to erosion. The areas treated in this way included the strips 
between the test plots and around the perimeter of the test area, which had 
been driven on during the initial site preparation and stabilizer application. 

A perimeter fence was also constructed around the test area to avoid inad­
vertent vehicular traffic during the monitoring period. The fence consisted of 
a single wire strung between widely spaced steel fence posts and did not ob­
struct wind blowing across the pile. Nor did the fence restrict animal intru­
sion onto the test area, which is a natural occurrence that may affect the 
durability of the stabilizers. 

27 



TABLE 8. Surface Characteristics of Stabilized Test Plots(a) 

Stabilizer 
Aerospray-70 

Coherex 

CPB-12 

Dust Binder C-266 

Dust Gard 

Dust Loc VMX-50 

Hydro Mulch 

M-167 

Marloc 

Orzan A 

Polyco 2151 

SP-400 

Sandstill II 

Soil Gard 

Wall pol 40-133 

Observations 
Thin hard crust 

Thin (-D.3 em) soft crust 

Very hard thin (-D.6 em) crust 

Thin and flexible 

Crusted but moist and soft 

Thin hard crust; slightly flexible 

Thin crust; firm but not hard; 
crusting probably due to tackifier 

Hard and brittle thin crust 

Thin flexible crust 

Thin (-D.3 em) brittle crust when 
dry but resealed when wetted 

Thin hard crust; rather fragile 

Thin (0.3 em or less) flexible 
crust; very tacky where heavily 
applied (such as around weather 
station) 

N0.3 em crust; softer than others 

0.3 em or less; hard surface 

Thicker crust (~1.3 em); very hard 

(a) These observations are for the plots of full­
strength applications; corresponding half­
strength plots were very similar. 
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FIELD TEST MONITORING 

The objective of the field test monitoring is to evaluate the effective­
ness and durability of the stabilizers with time by visual inspection of the 
test plots aided by photographs taken of specific areas on each test plot. In 
addition, meteorological data being recorded at the field site weather station 
provide a chronological record of weather conditions that may contribute to the 
degradation or failure of the stabilizers. The evaluation procedure for this 
task provides qualitative information about the effectiveness and durability of 
the stabilizer. A more quantitative approach was not found that would provide 
useful data and still be cost effective. 

After 1 year of monitoring at the field test site, the stabilizers have 
gone through a complete weather cycle; the site was visited three times. A 
summary of observations made in June 1983 is presented in Table 9. The stabi­
lizers have deteriorated with time; however, some of the observed changes were 
caused by tailings blowing over the test area and masking the condition of the 
stabilizers. The climate changes during the year are summarized in Table 10. 
The weather during the year was typical for Gas Hills, Wyoming. 

Photographs of the original stabilized surfaces were compared with photo­
graphs taken 11 months later. Photographs of selected test plots after expo­
sure to weathering are shown in Figures 15 and 16, which illustrate the most 
effective stabilizer and one showing considerable degradation. Additional test 
plot photographs are shown in Appendix A. 

The chemical stabilizers listed in Table 11 are grouped according to their 
overall effectiveness. Two PNL engineers independently examined each of the 
test plot surfaces. Their results were then compared to establish the overall 
relative effectiveness of each of the chemical stabilizers. Based primarily on 
visual observations, the best overall stabilizers are found in Group I; lesser 
effective ones, in Groups II and III. None of the stabilizers applied at one­
half the manufacturers' recommended rates of application were very effective. 

As noticed from past monitoring trips, rain generally softened the surface 
crusts formed by the stabilizers. In some cases, such as with the water­
soluble Orzan, rain may even reform the crust if it becomes damaged. However, 
as with the Orzan in particular, rain will tend to leach some of the materials 
down into the tailings below the surface, thus decreasing their effectiveness. 

Even the most effective stabilizers had undergone some deterioration and 
erosion after 11 months of weathering. The condition of these stabilizers sug­
gests that they would probably not be very effective much longer. Based on the 
11-month observations, 1 year is considered to be the limit for even the better 
stabilizers to protect a tailings surface from wind erosion under the weather­
ing conditions in Gas Hills, Wyoming. Additional monitoring is needed to fur­
ther determine the limits to the effective lifetimes of the better stabilizers. 
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TABLE 9. Observations of Relative Effectiveness of Chemical Stabilizers 

~ Sh1blllzer 

Rarelnlng 

40 

20 

<20 

5 

60 

20 

70 

30 

50 

30 

50 

<25 

crust Th lckness, 

an 

0.2 to 0.3 

0.2 

Very thin 

l.iYnees tr ab I e 

0.2 to 0.3 

lilmeastrab I e 

0.2 to 0.3 

0. 2 to 0.3 

0. 2 to 0.4 

0. 2 

<0.2 

U'ld etectab I e 

crust H!lrdness 

Fl nn crust; moderately 

hard 

Much less than with ful !­

strength H)dro Mulch 

N:> 11 pp!!rent crust 

N:> !IPP!Irent crust 

~rd but still sane 
flel<lblllty 

~crust rem~~lnl"9 but 

very fr!!QIIe 

H:lrd crust rem~~lnlng; 

few scour hoi c~ 

Fl nn but fr!IQII e 

Finn crust; h!lrder 

th!ln rrost I ateo<es 

11!trd crust where evident 

Fr 11g II e crust where any 

O"mn reralnlnq 

Fr!!QIIe and crunbly 

Slrface Ei"oslon 

Large holes (up to 1 ft deep) cut 

Into strf!ICe of plot 

Gener111 erosion over11ll; holes 

"1 ft deep 

f%1d ly eroded; perhaps .:>rst 

stablll2191"' 

Very poor results; 1"16!1rly all 

eroded !llii!IY 

Light to moderate; no bad scou-lng 

f%1d ly eroded; h~~rd crust on 

rerelnder 

Little erosion 

M)st ren!llnlng; not much scou-lng 

Ei"oslon but little scou-lng; 

!lppe~~rs to be ~eter eros I on 

M)der!lte scou- I ng 

9'lallow scou- lng; much s11nd blown 

onto test plot 

Ll tt I e scou- I ng; good crust where 

sane left 

CHerat I 
Ef feet lveness < !1) 

3 

2 

5 

2 

7 

3 

5 

3 

4 

3 
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TABLE 9. (contd) ----
~ Stabilizer o-ust 1h l<kness, <Nerall 

9tabiiiZBr Renelnl!:!9 an crust H!lrdness Strft~ee &-os I on Effect IYEII'Iess (a) 

Sltndst II I I I 

Ful l-strer¢h 70 0.2 to 0.3 a.rtace degraded but Serre shallot scrur I rg 6 
sane rene In I ng underneeth 

H!J If -strer¢ h 30 0.2 to 0.3 Fragll e -1r:t. of pi at shots eros I on 3 

Ctnere< 

Ful l-strer¢h 50 0.2 to 0.3 Fragile; easily br<ken 9\al lot scrur I rg overal I 4 

H!J If-strength 20 0.2 Fragll e and very s~X'f'ted Genera I SCOtT I ng 2 

Soli Gard 

Ful l-strer¢h 70 0.3 H!Jrdest l:lJt fragile Eros Jon on .-.2~ of pi at 6 

H!J If-strength <5 Uldetectab I e Renelnder very soft &-oslon all over plot; p:l()rest 
w 

stabilizer ...... 

~I I JDI 4(>-133 

Ful l-strer¢h 80 0.3 to 0.6 Very hard crust; appears No m!ljor eros lon; sare SJMII scrur 8 
very du-able (best neri(s 

stabilizer) 

H!Jif-strer¢h <30 0.2 to 0.3 H!Jrd bJt sare fle<lbll lty Serre shallot scrurlrg but stll I In 5 

fair oondltlon 

SP-400 
Ful l-strer¢h >90 0.2 to 0.3 Very fle<lble; nore like Not IIIJCh erosion yet but shotlrg 8 

a complete I'IIEIIlbrane sane s lgns of deterioration 

H!J If -s trer¢ h 40 0.2 Thin and very fle<lble Spotted deterioration and scrurlrg; 3 
patches of neter I a I b I owl ng t!JWIJY 

CUst 81 nder G-266 

Ful l-strer¢h 30 0.2 to 0.3 Very hard where I eft Large-scale erosion of test plot; 3 
lots of drifting sand on plot 



TABLE 9. (contd) 

% Stet> II lzer o-ust Th lc:Kness, O>.<erell 

Stcb II lzer Rerre In I !!S_ an Crust H!lrdness Slrfece Erosion Effect lwness (e) 

1-81 f-strength 20 0.2 Fl nn crust where O>.<erell eros lon of plot 2 

renelnlng 

/lerosr:r~70 

Fu I I-s trergt h 60 0.2 to 0.3 H!lrd crust where 9lellc:w gel'l8rl!ll scrurl~; In felrly 5 
renelnlng good shape 

H!ll f -strergt h 20 0.2 to 0.3 H!lrd crust; I ess re~e In- 9lellc:w but no stMtre eros Jon 2 
lng fflen with full 

strergth 

w 
N ~loc 

Ful 1-strergth 30 0.3 H!lrd end durable crust 9lel lew scrurl~ ell over plot; 4 
on I y 511!11 I petdles of neter lei I eft 

H!ll f-strength 25 0.2 to 0.3 Flrm rut fragile crust No deep scotr I ng rut o~~ere I I 3 
deterioration 

Pol-,o:> 2151 

Ful 1-strergth <40 0.2 to 0.3 H!lrd fnglle crust Sane deep scrur I~ but I ots of send 3 
drifts fran ruts Ide eree 

H!ll f-strength 10 0.2 Soft fregll e crust <Narell wind erosion; stabilizer 2 
nearly gone 

(e) O>.<erell effectiveness retl~: CHc:west to to-highest. 
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TABLE 10. Summary of Weather Data from the Field Test Site 
for September 1982 through June 1983 

Aver~e High Afen~ge High Low Aferl!lqe Low Tot81 t-tlx lmun Prec I plt8tlon 

T eftll81'"8ttr e, •c T~ettret •c Teftll8rattre t •c Temper8ture, •c T~att.re, •c Pr"eclpltation£ an !'mount, an cete 

13.7 30.8 20.0 -1.5 7.6 5.61 1.98 9/3CV82 
6.2 20.4 12.0 -7.7 0.9 4.14 2.01 10/5~2 

-o.9 12.9 4.1 -17.2 -5.9 0.81 0.30 11/ 1.:Y82 
-5.1 6.1 -9.5 -21.4 -9.5 1.85 0.84 12/1~2 

-1.6 8.8 3.0 -13.6 -6.1 0.71 0.69 1/2!V83 
-2.6 8.5 1.3 -18.7 -7.0 0.64 0.33 2/14~3 

0.7 15.3 5.4 -11.9 -3.5 1.07 0.30 .:Y25183 
2.2 18.7 7.2 -13.6 -2.5 1.98 0.86 4/3/83 
8.3 25.8 14.1 -8.6 2.9 2.36 0.56 5/3CV83 

16.1 32.1 23.1 1.7 9.4 3.20 1.68 6/13/83 



FIGURE 15. Test Plot Surface Stabilized with Wallpol 40-133 After 11 Months 
of Weathering (minor amount of surface erosion) 

FIGURE 16. Test Plot Surface Stabilized with Coherex After 11 Months 
of Weathering (severe surface erosion) 
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TABLE 11. Chemical Stabilizers Grouped by Relative 
Effectiveness After 1 Year of Weathering 

Group 
I 

Stabilizer 
Wallpol 40-133 
SP-400 
CPB-12 

II Sandstill II 
Soil Gard 

III 

Dust Loc VMX-50 
Dust Gard 
Aerospray-70 
Orzan A 
Coherex 

Marloc 

Hydro Mulch 
Dust Binder C-266 
Polyco 2151 
M-167 

Composition 
Vinyl acetate/acrylic 
Latex emulsion 
Acrylic emulsion with condi­
tioners 

Petroleum resins/surfactant 
Styrene butadiene 
Acrylic 1 atex 
MgC1 2 brine 
Polyvinyl acetate 
Ammonium lignin sulfonate 
Petroleum oils and resins/ 
surfactant 
Polyvinyl acetate 

Wood fiber mulch 
Synthetic polymer emulsion 
Vinyl acetate/acrylic 
Latex, surfactant, propylene 
glycol 

Relative Effectiveness 
7-10 (good) 

4-6 (fair) 

0-3 (poor) 

Weather data are recorded continually by a weather station at the test 
site. A summary of temperature and rainfall data is shown in Table 10 for the 
period from the beginning of September 1982, when the stabilizers were applied, 
to the end of June 1983, the last full month of data collected at the time of 
this report. A complete table of precipitation data for this time period is 
presented in Table B.1 of Appendix B. The data used to construct the wind 
roses presented in Figures 17 and 18 are given in Tables B.2 through B.10. 

Figure 17 is a wind rose of wind speed and time data collected during the 
September 1982 through June 1983 test period. The wind rose shows the percent 
of time that wind was blowing from any particular direction across the test 
plot. Figure 18 is a wind rose that represents the erosion potential ~f the 
wind. Data shown here are adjusted by the 11 Cube 11 of the wind speed (V ), 
giving a percent of the erosion potential of the winds distributed by direc­
tion. In doing so, the wind rose more accurately represents the severity of 
the wind as it may affect the erosion of the tailings. In general, soil ero­
sion studies have shown that the horizontal flux of sand, partl2Ylarly for 
larger particles, is proportional to the cube of the velocity. Results of 
this method indicate the fraction of time that the wind was blowing from a 
particular direction but weights the higher velocity winds by a higher factor 
since it is wind velocities above ~9 m/s (20 mph) that contribute most to tail­
ings erosion. Results indicate that the southwest is the very predominant pre­
vailing wind direction, particularly for stronger, erosion-causing winds. 
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FIGURE 17. Wind Rose Using Wind Velocity and Direction Data 
Collected at the FAP Field Test Site from 
September 1982 through June 1983 

N 

s 

FIGURE 18. Wind Rose Using (Wind Velocity)3 and Direction Data 
Collected at the FAP Field Test Site from 
September 1982 through June 1983 
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The winter months of November, December, and January tend to have the 
strongest winds; speeds are frequently in excess of 18 m/s (40 mph). The 
highest velocity recorded for the test site was 22.4 m/s (50 mph) on January 8, 
1983. 

Because of the long interval between monitoring trips, it is difficult to 
correlate erosion of the stabilized test plots with specific weather events. 
However, it was observed that: 

• Rain generally tended to accelerate the deterioration of the 
stabilizers. 

• Erosion of the tailings pile was visible at wind speeds above 
~9 m/s, but a majority of the blowing material appeared to be coming 
from the surrounding area of the tailings pile rather than from the 
test plots. 

• The windiest period is during the winter months, and there was 
generally not enough snow cover to fully protect the tailings pile 
from wind erosion. 

• Exposure of the stabilized surfaces to ultraviolet light from the 
sun contributed to the degradation of the stabilizers. Such 
degradation was not discernible from other factors that also con­
tributed to erosion but was shown to influence the durability of 
laboratory test specimens. 
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STABILIZER COSTS 

The cost of stabilizing uranium mill tailings will vary greatly depending 
on the location, size of tailings pile, and type of stabilizer selected for 
each site. An approximation of these costs is presented below based on the 
installed costs of this field test. A more detailed analysis of stabilization 
costs will be presented in the final project report • 

The application costs incurred during the field test are summarized in 
Table 12. PNL costs associated with site preparation, stabilizer preparation, 
etc., are not included. The one variable expense was the cost of the stabiliz­
ers. These costs are shown as the delivered cost of each stabilizer to the FAP 
mill. Other costs such as labor and equipment were constant for each test 
plot. PNL labor was estimated at $50 per test plot, and equipment costs (trac­
tor and sprayer costs) were $38 per test plot. 

The costs to chemically stabilize the test plots ranged from $92 · to $124 
per test plot using the full recommended application rate. These figures 
correspond to a cost of $8,400 to $11,300/ha ($3,400 to $4,600/acre). The 
labor and equipment costs for the field test are higher than would be expected 
for a large-scale application (also shown in Table 12). 

In 1982, FAP personnel stabilized a large area of tailings with Orzan C. 
Two operators with a 10,000-gal water truck and pump applied 1 to 2 tank loads 
of the diluted stabilizer to a tailings pile during an 8-h shift. A 10,000-gal 
tank of the material, applied according to the manufacturer•s recommendations, 
would cover an area of 1.67 ha (4.13 acres). The estimated costs of the truck 
and two operators was $66/h, giving a labor and equipment charge of $158 to 
$316/ha ($64 to $128/acre). The estimated cost of a large-scale stabilization 
effort based on these more realistic labor and equipment charges ranges from 
$680 to $3,600/ha (Table 12). 

Most of the stabilizers tested were comparably effective for the first 
several months following application, but only those rated "good" in Table 11 
were still effective after 1 year. The more expensive stabilizers tended to 
last the longest. However, a mill operator may find it more cost effective to 
apply one of the less expensive but less durable stabilizers more frequently 
than to apply one of the longer lasting but more expensive materials. Such a 
choice would be a function of several factors, including: stabilizer cost, 
stabilizer availability, mill location, and other site-specific factors. 
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TABLE 12. Application Costs for 1982 Field Test and for a 
Large-Scale Stabilization 

Chemical Stabilizer 

Aerospray-70 
SP-400 
Dust Loc VMX-50 
Wallpol 40-133 
Dust Gard 
CPB-12 
Marloc 
Dust Binder C-266 
Sandstill II 
M-167 
Soil Gard 
Coherex 
Hydro Mulch 
Polyco 2151 
Orzan A 

Mater1 a 1 
Costs, taJ $/ha 

3,280 
3,170 
2,790 
2,690 
2,260 
1,980 
1,910 
1,880 
1,630 
1,580 
1,350 
1,250 

810 
480 
360 

Field Test 
Costs, (b $/ha 

11,300 
11,200 
10,800 
10, 700 
10,300 
10,000 
9,900 
9,800 
9,600 
9,600 
9,300 
9, 200 
8,800 
8,500 
8,400 

Large-Scale 
Stabilization 
Costs,\CJ $/ha 

3,600 
3,490 
3,110 
3,010 
2,580 
2,300 
2,230 
2,200 
1,950 
1,900 
1,670 
1,570 
1,130 

800 
680 

(a) Stabilizer costs are based on delivery to location in central Wyoming; 
costs will vary with '1 ocati on. 

(b) Includes PNL labor at $50/test plot and equipment costs at $38/test 
plot, which represents a total cost of $7,300/ha. 

(c) Includes expected labor and equipment charges of $316/ha based on FAP 
estimate of similar project using two operators and 10,000-gal spray 
truck. 
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APPENDIX A 

TEST PLOT PHOTOGRAPHS 

This appendix consists of photographs of test plots stabilized with each 
•• of the 15 stabilizers investigated in this field test. A 0.5 x 0.5-m area as 

of August 1982, the same area as of June 1983, and a view of the test plot are 
shown for each stabilizer. The figures in this appendix are arranged in order 
of relative effectiveness. 
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AUGUST 1982 (0.5-m x 0.5-m AREA) JUNE 1983 (0.5-m x 0.5-m AREA) 

,. . 
N 

JUNE 1983 (OVERVIEW) 

FIGURE A.l. Test Plot Stabilized with Wallpol 40-133 
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SP 400 

~---·-··- ·----~j 
AUGUST 1982 (0.5-m x 0.5-m AREA) 

JUNE 1983 (OVERVIEW) 

. . 

JUNE 1983 (0.5-m x 0 .5 -m AREA) 

FIGURE A.2. Test Plot Stabilized with SP-400 
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AUGUST 1982 (0.5-m x 0 .5-m AREA) JUNE 1983 (0.5-m x 0 .5-m AREA) 

JUNE 1983 (OVERVIEW) 

FIGURE A.3. Test Plot Stabilized with CPB-12 
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AUGUST 1982 (0.5-m x 0.5-m AREA) JUNE 1983 (0.5-m x 0.5-m AREA) 

JUNE 1983 (OVERVIEW) 

FIGURE A.4. Test Plot Stabilized with Sandstill II 
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AUGUST 1982 (0.5-m x 0.5-m AREA) JUNE 1983 (0.5-m x 0.5-m AREA) 

JUNE 1983 (OVERVIEW) 

FIGURE A.S. Test Plot Stabilized with Soil Gard 
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AUGUST 1982 (0.5-m x 0.5-m AREA) JUNE 1983 (0.5-m x 0.5-m AREA) 

JUNE 1983 (OVERVIEW) 

FIGURE A.6. Test Plot Stabilized with Dust Loc VMX-50 
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AUGUST 1982 (0.5 -m x 0.5-m AREA) JUNE 1983 (0.5-m x 0 .5 -m AREA) 

JUNE 1983 (OVERVIEW) 

FIGURE A. 7. Test Plot Stabilized with Dust Gard 
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AEROSF'tt"V 
'70 

AUGUST 1982 (0.5-m x 0.5-m AREA) 

JUNE 1983 (OVERVIEW) 

' 

/UO.<,f~C~.,t· 

"' ,_.., _- S•••"~\. 

JUNE 1983 (0.5-m x 0.5-m AREA) 

FIGURE A.8. Test Plot Stabilized with Aerospray-70 
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AUGUST 1982 (0.5-m x 0.5-m AREA) JUNE 1983 (0.5-m x 0 .5 -m AREA) 

JUNE 1983 (OVERVIEW) 

FIGURE A.9. Test Plot Stabilized with Orzan A 
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AUGUST 1982 (0 .5-m x 0 .5 -m AREA) 

JUNE 1983 (OVERVIEW) 
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JUNE 1983 (0.5-m x 0 .5-m AREA) 

FIGURE A.lO. Test Plot Stabilized with Coherex 
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AUGUST 1982 (0.5-m x 0.5-m AREA) JUNE 1983 (0.5-m x 0.5-m AREA) 

JUNE 1983 (OVERVIEW) 

FIGURE A.ll. Test Plot Stabilized with Marloc 
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AUGUST 1982 (0 5-m x 0 .5-m AREA) JUNE 1983 (0 5-m x 0 5 -m AREA) 

JUNE 1983 (OVERVIEW) 

FIGURE A.l2. Test Plot Stabilized with Hydro Mulch 
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AUGUST 1982 (0.5-m x 0.5-m AREA) JUNE 1983 (0.5-m x 0 .5 -m AREA) 
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JUNE 1983 (OVERVIEW) 

FIGURE A.l3. Test Plot Stabilized with Dust Binder C-266 
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AUGUST 1982 (0 .5-m x 0 .5-m AREA) JUNE 1983 (0.5-m x 0 .5-m AREA) 

JUNE 1983 (OVERVIEW) 

FIGURE A.14. Test Plot Stabilized with Polyco 2151 
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AUGUST 1982 (0.5-m x 0.5-m AREA) JUNE 1983 (0.5-m x 0 .5 -m AREA) 

JUNE 1983 (OVERVIEW) 

FIGURE A.lS. Test Plot Stabilized with M-167 
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TABLE B.l. Summary of Precipitation Data (in.) at FAP Field 
Test Site from 9/1/82 Through 6/30/83 

1982 1983 
~ ~eE Oct Nov Dec Jan F'e6 ~ar AEr ~a~ June 

1 0.00 0.04 0.03 0.33 0.00 0.00 0.00 0.00 0.00 0.01 
2 0.00 0.00 0.00 0.07 0.00 0.02 0.00 0.00 o.oo 0.06 .. 3 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.34 0.00 0.00 
4 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.01 0.00 0.10 
5 0.00 0.79 0.00 0.00 0.00 o.oo 0.02 0.02 0.00 0.00 
6 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.00 
7 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
8 0.00 0.27 0.00 0.00 0.01 0.00 0.00 0.03 0.02 0.00 
9 0.00 0.01 0.05 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 

10 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.08 0.00 
11 0.22 0.00 0.09 0.00 o.oo 0.00 0.00 0.00 0.08 0.04 
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.05 0.06 
13 0.31 0.00 0.12 0.00 0.00 o.oo o.oo 0.00 0.00 0.66 
14 0.37 0.00 0.00 0.05 0.00 0.13 0.05 0.00 0.00 0.00 
15 0.00 0.00 0.00 0.00 0.00 0.00 0.08 o.oo 0.00 0.04 
16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.01 
17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 o.oo 
18 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
19 0.00 0.01 0.03 0.00 0.00 0.05 o.oo 0.00 0.21 0.00 
20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 
22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
23 0.00 o.oo o.oo 0.06 0.00 0.00 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.17 0.00 0.00 o.oo 0.00 0.00 0.00 
25 0.01 0.00 0.00 0.01 o.oo 0.00 0.12 0.00 0.00 0.00 
26 0.38 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.24 
27 0.02 0.44 o.oo 0.03 0.00 0.00 0.00 0.00 o.oo 0.02 
28 0.08 0.00 0.00 0.00 0.27 0.00 0.00 0.00 o.oo 0.02 
29 0.04 0.00 o.oo 0.00 0.00 o.oo 0.00 0.01 0.00 0.00 
30 0.78 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.22 0.00 
31 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 

Total 2.21 1.63 0.32 0.73 0.28 0.25 0.42 0.78 0.93 10.26 
Average 0.07 0.05 0.01 0.02 0.01 0.01 0.01 0.03 0.03 0.04 
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TABLE B.2. Federal American Partners W' nd Rose Data from 
9/1/82 to 9/30/82 

Wind Wind SEeed, rnah 
Direction 0-7, zr; 8-II, % 12-18, zr; 19-2 ' zr; >2~, zr; Tota,,% 

N 1.39 0.69 o.oo 0.00 0.00 2.08 
NNE 4.44 0.97 0.00 0.00 0.00 5.42 
NE 1.11 0.14 o.oo 0.00 0.00 1.25 
ENE 2.08 1.81 1.94 0.97 0.28 7.08 ·~ 

E 0.42 0.69 0.83 0.97 0.83 3.75 
ESE 2.64 3.61 5.69 1.11 0.56 13.61 
SE 0.28 0.28 0.42 0.00 0.00 0.97 , SSE 2.22 1.25 0.42 0.00 0.00 3.89 
s 1.39 0.97 0.42 0.14 0.00 2.92 
ssw 4.58 5.56 10.83 1.67 0.00 22.64 
sw 1.11 0.83 3.89 0.14 0.00 5.97 
WSW 1.94 4.17 3.47 0.56 0.00 10.14 
w 0.83 0.56 0.28 0.14 0.00 1.81 
WNW 3.89 2.50 1.39 0.14 0.00 7.92 
NW 0.28 0.97 0.83 0.00 0.00 2.08 
NNW 5.42 2.50 0.56 0.00 0.00 8.47 
VAR. 0.00 0.00 o.oo o.oo 0.00 0.00 

TABLE B.3. Federal American Partners l~ind Rose Data from 
10/1/82 to 10/31/82 

Wind Wind SEeed, mah 
Direction 0-7, zr; 8-II, 1% 12-18, 1% 19-2 ' % >2~, t Total,% 

N 1.08 1.21 0.13 0.00 o.oo 2.42 
NNE 1.88 2.28 0.54 0.00 0.00 4.70 
NE 0.27 0.27 0.00 0.00 0.00 0.54 
ENE 0.27 0.40 0.54 0.00 0.00 1.21 
E 0.00 o.oo 0.00 0.00 0.00 0.00 
ESE 0.13 0.00 0.13 0.00 0.00 0.27 
SE 0.40 0.00 0.00 0.00 0.00 0.40 
SSE 0.40 0.13 0.00 0.00 0.00 0.54 
s 1.48 1.61 0.40 0.00 o.oo 3.49 
ssw 5.91 6.85 13.71 6.05 0.27 32.80 
sw 0.81 3.76 6.45 2.96 0.27 14.25 
WSW 2.28 4.97 5.78 2.96 1.08 17.07 
w 0.40 1.08 0.54 0.13 0.13 2.28 
WNW 3.36 1.08 1.21 0.00 0.00 5.65 
NW 0.94 0.81 0.54 o.oo 0.00 2.28 
NNW 3.49 3.76 2.69 1. 75 0.40 12.10 
VAR. 0.00 0.00 o.oo 0.00 0.00 0.00 
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TABLE B.4. Federal American Partners Wind Rose Data from 
11/1/82 to 11/30/82 

Wind Wind s2eed, m~h 
Direction 0-7, ~ 8-II, ~ 12-18, ~ 19-2 ' ~ >2~, ~ Tota1, ~ 

N 0.42 0.28 0.28 0.00 0.00 0.97 
NNE 1.39 2.64 1.11 0.00 0.00 5.14 
NE 0.69 0.00 0.00 0.00 0.00 0.69 .. 
ENE 0.28 0.14 0.00 0.00 0.00 0.42 
E 0.14 0.00 0.00 0.00 o.oo 0.14 
ESE 0.83 0.00 0.00 0.00 0.00 0.83 
SE 0.00 0.00 0.00 o.oo 0.00 0.00 
SSE 1.53 0.42 0.97 0.69 0.00 3.61 
s 0.83 0.00 0.00 0.28 0.14 1.25 
ssw 5.14 5.00 16.25 14.72 4.44 45.56 
sw 1.25 1.39 6.11 5.56 2.08 16.39 
WSW 1.67 3.47 3.47 3.61 1.67 13.89 
w 0.28 0.56 0.42 0.00 o.oo 1.25 
WNW 2.36 0.69 0.28 0.00 0.00 3.33 
NW 0.28 0.28 0.28 0.14 0.00 0.97 
NNW 2.50 2.36 0.42 0.28 0.00 5.56 
VAR. 0.00 0.00 o.oo 0.00 0.00 0.00 

TABLE B.S. Federal American Partners Wind Rose Data from 
12/1/82 to 12/31/82 

Wind Wind SEeed, m~h 
Direction 0-7, ~ 8-II, ~ 12-18, t 19-2 ' t >2~, t Tota1, t 

N 0.27 0.13 0.27 o.oo 0.00 0.67 
NNE 0.54 0.54 2.55 1.08 0.00 4.70 
NE 0.40 o.oo 0.00 0.00 0.00 0.40 
ENE 0.54 0.67 1.21 0.00 o.oo 2.42 
E o.oo 0.13 0.13 0.13 0.40 0.81 
ESE 0.40 0.27 0.94 0.27 0.54 2.42 
SE 0.00 0.13 0.00 0.00 0.00 0.13 
SSE 0.54 0.27 o.oo 0.27 0.27 1.34 
s 0.27 0.54 0.27 0.00 0.00 1.08 
ssw 3.23 4.44 7.93 21.51 16.40 53.49 
sw 0.40 0.81 3.63 2.69 5.38 12.90 
WSW 1.21 2.15 2.96 2.96 2.55 11.83 
w 0.00 0.27 0.54 o.oo o.oo 0.81 
WNW 0.54 0.27 0.81 0.40 o.oo 2.02 
NW 0.27 0.00 0.94 0.40 o.oo 1.61 
NNW 1.21 0.13 1.21 0.67 0.13 3.36 
VAR. 0.00 0.00 0.00 0.00 0.00 0.00 
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TABLE B.6. Federal American Partners Wind Rose Data from 
1/1/83 to 1/31/83 

Wind Wind SEeed, mah 
Direct ion 0-7, ,; 8-II, t 12-18, ,; 19-2 ' ,; >2~, ,; Total , t 

N 0.13 0.00 0.00 0.00 0.00 0.13 
NNE 0.54 0.54 0.13 0. 00 o.oo 1.21 
NE 0. 27 0.00 0.00 0.00 o.oo 0.27 
ENE 0.13 0. 00 0.00 0. 00 0. 00 0. 13 
E 0.13 0.00 0.00 0.00 0.00 0 .13 
ESE 0.27 0.13 0.00 0. 00 0. 00 0.40 
SE 0.00 0.00 0.00 0.00 0.00 0.00 
SSE 0. 94 1.34 0. 27 o.oo 0.00 2. 55 
s 1.08 1.48 0.00 0.00 0.00 2. 55 
ssw 5.65 6. 72 15.99 15. 99 9.01 53 .36 
sw 0.81 1.21 4.30 5. 24 4. 30 15 .86 
WSW 2.02 3.23 4. 70 1.88 3. 49 15.32 
w 0.40 0.27 0.40 0.00 0.00 1.08 
WNW 1.34 0.13 1.08 1.34 0. 13 4.03 
NW 0.13 0.00 0.40 0.13 0.13 0.81 
NNW 0.67 0. 40 0.81 0. 27 o.oo 2.15 
VAR . 0.00 0.00 0.00 0.00 0.00 0.00 

TABLE B.7. Federal American Partners Wind Rose Data from 
2/1/83 to 2/28/83 

Wi nd Wind SEeed , mah 
Direction 0-7 , ~ 8-Il, ~ 12-18, ~ 19-2 ' ~ >2~, ~ Total ,~ 

N 0. 15 0.15 0.30 0.00 .00 0.60 
NNE 1.34 1.19 0. 09 0. 00 0.00 3. 42 
NE 0. 15 0.00 0.00 0.00 o.oo 0.15 
ENE 0. 30 0. 15 0.15 0.15 0. 00 0.74 
E 0.00 0.00 0.00 0.00 0.00 0.00 
ESE 0. 30 0.00 0.15 0.00 0. 00 0.45 
SE 0.15 0.00 0.00 0.00 0.00 0.15 
SSE 1.34 0.74 0. 15 0.00 0.00 2.23 
s 0.15 0. 74 0.30 0.00 0.15 1.34 
ssw 3.27 6. 99 22 . 32 28 .13 11.31 72.02 
sw 0.45 0.30 1.64 1.93 1.04 5.36 
WSW 2. 38 1.64 1. 79 1.93 0. 74 8.48 
w 0.45 0.15 0.15 0.00 0.15 0.89 
WNW 1.34 0. 30 0.15 0.15 0. 00 1.93 
NW 0.15 0.00 0.00 0.00 0.00 0.15 
NNW 1.64 0.30 0. 15 0.00 0.00 2.08 
VAR. 0 .00 o.oo 0.00 0.00 0.00 0.00 
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TABLE B.S. Federal American Partners Wind Rose Data from 
3/1/83 to 3/31/83 

Wind Wind SEeed, m~h 
Direction 0-7, ~ S-II, 't 12-1S, 't 19-2 , % >2il, 't Total,~ 

N 0.54 1.08 0.00 0.13 0.00 1.75 
NNE 2.28 3.90 1.48 0.40 o.oo 8.06 
NE 0.27 0.13 0.13 0.00 0.00 0.54 .. 

1.48 2.69 0.54 0.00 5.78 ENE 1.08 
E 0.54 0.27 2.69 0.13 0.00 3.63 
ESE 1.48 1.08 2.15 1.21 0.00 5.91 
SE 0.54 0.40 0.00 0.00 o.oo 0.94 
SSE 2.15 1.21 0.54 0.00 0.00 3.90 
s 0.94 0.27 0.13 0.00 0.00 1.34 
ssw 3.23 9.27 20.70 6.72 1. 75 41.67 
sw 0.67 0.81 1. 75 1.08 0.67 4.97 
WSW 1.88 2.82 2.55 2.15 1.34 10.75 
w 0.13 0.13 0.13 0.00 0.00 0.40 
WNW 1.48 1.48 0.67 0.13 0.00 3.76 
NW 0.81 0.27 0.40 0.00 0.00 1.48 
NNW 2.02 2.15 0.81 0.13 0.00 5.11 
VAR. 0.00 0.00 0.00 0.00 • 0.00 0.00 

TABLE B.9. Federal American Partners Wind Rose Data from 
5/1/83 to 5/31/83 

Wind Wind SEeed, m~h 
Direction 0-7, 't S-II, 't 12-1S, 't 19-2 , 't >2il, 't Total, l.t 

N 1.21 1.88 0.54 0.00 o.oo 3.63 
NNE 1.88 4.30 1.34 0.00 0.00 7.53 
NE 0.13 0.27 0.81 o.oo 0.00 1.21 
ENE 2.15 2.15 6.45 1.48 0.13 12.37 
E 0.13 0.40 1.34 0.00 0.00 1.88 
ESE 0.94 2.15 2.28 0.00 o.oo 5.38 
SE 0.40 0.13 0.27 o.oo 0.00 0.81 
SSE 1.88 2.42 1.48 0.00 0.00 5.78 
s 0.67 0.54 0.13 0.00 o.oo 1.34 
ssw 3.09 9.01 6.85 0.00 0.00 18.95 
sw 0.67 0.81 0.81 0.27 o.oo 2.55 
WSW 3.23 4.44 2.82 0.54 0.67 11.69 
w 1.08 0.54 0.40 0.00 0.40 2.42 
WNW 4.44 5.11 3.23 0.40 0.00 13.17 
NW 1.21 0.67 1.21 0.13 0.00 3.23 
NNW 2.82 3.76 1.34 0.13 0.00 8.06 
VAR. o.oo 0.00 0.00 0.00 0.00 0.00 
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TABLE 8.10. Federal American Partners Wind Rose Data from 
6/1/83 to 6/30/83 

Wind Wind SEeed, 111~h 
Direction 0-7, ~ 8-II, ~ 12-18, ~ 19-2 ' ~ >2il, ~ Tota1, ~ 

N 0.97 0.14 0.28 0.00 0.00 1.39 
NNE 3.06 0.69 0.14 0.00 0.00 3.89 
NE 0.42 0.28 0.00 0.00 0.00 0.69 
ENE 1.94 2.36 2.78 0.28 0.00 7.36 

.. 
E 0.14 0.42 0.97 0. 28 0.00 1.81 
ESE 2.22 2.08 2.92 0. 14 0.00 7.36 
SE 0.56 0.42 0.42 0.00 0.00 1.39 
SSE 3.47 2.92 1.11 0.42 o.oo 7.92 
s 2.08 0.83 0.83 0.28 o.oo 4.03 
ssw 3.75 7.08 12.22 1.67 0.00 24.72 
sw 0.56 1.25 1.94 0.00 0.14 3.89 
WSW 2.36 4.17 5.00 1.81 0.14 13.47 
w 0.69 1.39 0.97 0.42 0.28 3.75 
WNW 2.22 3.89 4.17 0.28 0.00 10.56 
NW 0.83 0.42 0.56 0.14 o.oo 1.94 
NNW 3.19 2.22 0.42 0.00 0.00 5.83 
VAR. 0.00 0.00 0.00 0.00 o.oo o.oo 
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