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CHEMICAL ADDITIVE USAGE ON
UNPAVED ROAD S IN THE MOUNTAIN PLAINS STATES

ABSTRACT

Researchidentified that some North Dakota courties are facing a shortage in quelity gave.
Other courties may experiencea shortage in the rear future. The use of chemical additives such as soil
stabilizers and dust suppressants, may help to reduce the need and demand for gravel. Many products
are available on the market to sabilize the soil or reduce dust. However, not dl of these products will
work on every soil type. The objective of this study was to survey courty road officialsabout their use
of chemca additives to stabilize the soil and reduce dust. Questionnaires were mailed to each of the
county ergineers or road supervisors in the MountainPlain states of Colorado, Montana, North
Dakota, South Dakota, Utah, and Wyoming Accordingto the survey resuts, sixty agencies used 90
chemcal additives for dust control/soil stabilization. Of the categories identified, the chloride additves
were the most widely used (64 percert), while theclay additives, biturrinous binders and adhesives
were used by 18, 8, and 6 percent, respectively, of theresponderts. Most of the agercies thet used
cherical additives stated that they had success with the products. Ths study cortains results of the
six-state survey regarding usage ard eff ectiveress of several chenrical additives Inaddition, a
description and more in-depth informetion on the various categories of cherrical additives are preserted

within this study.
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CHAPTER 1

INTRODUCTION

More than ore-half of North Dakota’'s 106,000 miles of road are gavel. A recent study
identified that severa countiesin the Sate are experiencirg or will experience a shortage of quality
gravel (Hough, Smadi, and Schulz). Solutions may include importing quality gravel from surrounding
states; however, the rearby dates, including South Dakota and Montana, also are experiencinga
shortage of quality aggegate. Inaddition, counties thet import gravel will have to pay trarsportation
costs for the product.* Pavingis another option, but a benefit cost analysis may indicate thet it is not
feasibleto pave the road. Use of cherrical additives sich as soil stabilizers and dust suppressants may
be a viable method to addressthe gravel shortage. Use of cheical additivesmay reducethe loss of
aggegae, therefore reducingtheneed for gravel applications. The use of cherrical additives may be a
cost effective approach courties cantake to address the gravel shortage problems and also to possily
reducegravel road maintenarce. This study identifies several cherrical additives available for local,
courty, and gate use to comrbat the gravel shortage problem

I nformeation and attributesof each chemical identified for potential use in the Mourtain Plain
States are the basis of thisreport. Information for this report was collected from a literature review,

manufacturer information, and survey results from road officids within Sx Mountain Plain States. This

1Transp ortation options are discussed in moredetail in the MPC Report 96-65 by Hough, Smadi, and
Schulz.



chapter will contain general background information on some of the benefits and reasons to use soil

sabilizers and dust suppressants, the methodology wsed in this study, and organization of the report.

BACKGROUND

Nationwide, counties spend approximetely 31 percert of thar budget on gavd road
maintenarce (Better Roads, 1992). Gravel road meintenarce includesroadside maintenarce, grading
ditching snow and ice cortrol, signng dust control, rehabilitationregrading and other steps. Resuits of
astudy corducted by Better Roads, idertified that more engneers called dust ther most serious gave
road meintenarce problem than ary other. However, counties spend approximetely orly 8.5 percent of
thelr time and 8.4 percert of their budget on dust cortrol (Better Roads, 1992).

Dust cortrol is a serious problem that impacts individuals and agricuktural production. A 1973
lowa State Unversity study by Hoowver identified that each car may generate ore ton of fugitive dust
per year fromevery mile traveled on anurpaved road. Accordingto Hoover (1973), a car travding
35 mph ona moderately dusty road generates the corcentration of silt-sized particles equel to thet of
about 100 times the pollution corcentration in the arr of an industrial city. There are sveral risks
involved with these airborne dug particles. First, they can obscure the vision of drivers, thereby leading
to crashes and possbl efatalities. Second, ths dust can peretrate homes and cortribute to allergies and
hay fever. Third, the dust scattered can cover nearby crops and vegetation and at tinmes stunt growth
due to the sheding effect and the doggng of plant pores (Hoover, 1973).

A study conducted by T.G. Sanders et d. at Colorado State Universty (1997) indicated the

use of three dust suppressants studied (lignin derivatives, calcium, and magnesium chloride additives)



reduced fugtive dust emssion by 50 to 70 percent on urpaved roadways. Resuts of cortrol test
sections reveal ed the dust suppressart sections resuted intotal aggregate |osses of 42-61 percent less
than untreated roads. The estimated cost savings of using these dust suppressants were 30-46 percent
over ntreated roads (T.G. Sanders et al., 1997). Therefore, dust suppressants potertially may help
reduce the need for additional aggregates and thereby address the gravel shortage in North Dakota.

These chemical additives may assst county road officials to reduce maintenarnce on grave roads and

also reduce hazards to individuals traveling or living along the urpaved road.

METHODOLOGY
There are several potential dust suppressants and soil stabilizers, also referred to as chemical
additives in ths report, thet are available for use onurpaved roads. Informetion for this study was
collected from a literature review to identify typesof chemical additives that previously have been

studied, manufecturers’ product listings, and a mail survey.

Survey Instrument Design

A surveywas developed to identify cherrical additives that courty road engneers or road

supervisors use on their road system The survey was neiled to the road official for each of the courties

in the Mourtain Plain States including Col orado, Mortana, North Dakota, South Dakota, Utah and
Wyoming The survey contained questions regarding product use ard effectiveress. Courty road
officials were asked to list chemical additives they have used ard answer several questions about each

of the products, individualy. Questions included average daily traffic levels of the road receiving the



chemical treatment, the form of the products applied, e.g., iquid, and how the produce was goplied.
Data dso were collected regardingtime of year the product wasapplied, application rate, and length of
time the product waseffective. Road officials were asked to rae the products rarging between good,
fair, poor, or not considered for how well the product helped to control potholes, washboards, frost
heave, how well the product increased soil stremgth, anoverall product rating, and also the level of

cugomer senvice the manufecturer provided.

Mailings

L ocal Technical Assistance Program (L TAP) administrators from each of the Mourtain Plains
States, with the exception of Montana, asdsted in the mail survey procedure. The Montana
Departient of Trangportation Secordary Road Official assisted in distributing surveys to the Montana
courty road officials. A total of 251 questionreires were mailed to courty engneers or courty road
supevisors. Table 1.1 illustrates the runber of surveys meiled in each state and the number of
questionraires returned. Out of the 173 surveys returned (69 per cent), only 57 surveys (23 percent)
were wseable. Several of the responses indicated thet no chenrical additiveswere used in the counties.
However, most road officials did express an interest and requed the survey results. Based onsurvey
respongses, more Montana counties use chenrical additives than other courties in the M ourtain-Plains
states. Fourteen Montana courties indicated the use of soil stabilizers/dust suppressarts for their roads

whereas, only four courties in North Dakota indicated use of soil stabilizers (Table 1.1).



Table 1.1. Chemical Additive Usage Survey Res ponses from Mountain-Plains County
Road Officials.

Colorado
Mont ana
North D&ota
South D&kota
Utah
Wyoming

TOTAL

State Number Mailed

23

57

53

66

29

26

254

Number Retumed

10

41

37

36

20

26

170

Manufacturer Information

Useable Surwys

8

14

4

10

8

13

57

V arious manufacturing companies of dust suppressants and soil stabilizers were identified

through the literature review and searches on the internet. Each identified manufacturer was cortacted

and asked to mal product informeation including application rate for the product, specifics on the proper

application method, costs, ard sail types for which the product woud be effective. Appendix C

contains detailed information obtained fromthe manu acturers.

REPORT ORGANIZATION

The remainder of this report is divided into three parts. Results of the questionreire meiled to

county road officials about their use of chemical additives as dust suppressants and soil stabilizrs are

presented in Chapter 2. A summary and conclusions are contained in Chapter 3. Finaly, there are

severa gppendices inthis report, which include the following: a summary of the chemica additive



characteridics (Appendix A); detailed informetion related to the properties/qualities effective soll types,
gpecid considerations, and past studies/reports of each chemical additive category (Appendix B);
company product information (Appendix C); a complete listing of srvey results (Appendix D), the
cherrical additive survey (Apperdix E); progamrecord keepingforms (Apperdix F), and a dossary of

terms (Appendix G).



CHAPTER 2

SURVEY RESULTS FOR CHEMICAL ADDITIVES ON UNPAVED ROADS

A variety of dust controlling and soil stabilization products currently are available on the
market. Althoughtherr physical cheracteristics and chemical formulations may vary, nmost of these
products canbe classified into distinguisheble categories including chloride additives, clay additives,
bituminous binders, and adhesives. Some products exhibit cheracteristics and properties thet do not
fall under any of these categories or they may be similar to two or more of these categories; however,
most products onthemarket fall urder the previously listed categories. A summary of the chenical
additive characteristics is located in Appendix A, while each caegory will be discussed inmore detail in
Appendix B. This chapter discusses sorme of the survey resuts, keys for success, ard record keeping

practices of dust control/soil dabilization prograns.

SURVEY RESULTS
The survey contaired several questions regardingthe use of chemical additives. Not dl of the
results are contained in this chapter, however, additiond sunvey results are shown in Appendix D.
Several quedions regarding chermical additive usage and effectiveress deserve further discussion.
Accordingto the survey resuts, 60 agencies, primarily located in the Mourtain Plains States, use 90
chemical additives for dust control/soil stabilization (Table 2.1.). Therefore, severa agercies use more
than one product for their dust control/soil stabilization program Most agencies that responded to the

survey were counties in Mouwntain Plains States, however, some respondentswere city officials in rual



areas located in the region ard three respondentswere from Michiganand Caneda.  Surveys were sert
to these three locations because they either had many years of experience using cherrical additivesor
they wsed sone additivesthat currertly were not beingusad by the surveyed states. The number of
agencies that used chemical additives for dust control/soil stabilization ranged from4 in North Dakota

to 14 in Mortara.

Table 2.1. Number of Agencies and Additives Currently Used by State.

State Number of Agendes Number of Additives Used
Mont ana 14 18
Wyoming 13 17
South D&kota 10 14
Colorado 8 17
Utah 8 12
North D&ota 4 6
Other* 3 6
Totd 60 0]

* 3responses weareobtained from Michiganand Canada using 5 praducts

Survey resuts determined that chlorides are the most widely used chemical additive in the
Mourtain Plains States (Table 2.2). Of the 90 chamical additivesusad for dust control/soil stabilization,
58 (64 percent) of those consisted of chloride additives. Seventy-six percent of the chloride additives
conssted of megnesium chlorides while the remaining 24 percent were calcium chlorides. North

Dakota was the only state that did not use chloride additives more than any other chemical additive

category.



Clay Additives acoourted for 16 of the 90 chemical additive usages North Dakota used clay
additivesmore than ary other type of chemical additive, however, the usage was only based on four
responses; only one specific brand of clay additive was applied. Chemica additive usage of the
bituminows binders, adhesives and water accourted for seven, five, and four resporses, respectively.
Althoughwater normally is a comnon irgredient inchemical additive products, it is not a cost effective
dust control/soil sabilization product by its self. Therefore, the responses pertaining to using water will
not be discussed in ths chapter, but they arein
Appendix D.

Magresiumchloride had a large number of survey responses, therefore, more reliable and
accurate results can be obtained when ardlyzing the survey responses of this category. It is difficult to
accurately assess effectiveness and experience of the other chemica additive categories due to the
smeller nunber of survey resporses.  Therefore, Apperdix B provides additional informeation regarding
experiences and effediveress ratings obtained from past reports/studies about each of thefour chemical

additive categories.

Table 2.2. Road Officials’ Representation to the Chemical Additive Survey.
Additives Used by Respondents

Cate gory
Total co MT ND SD UT WY Other
Chloride Additives 58 11 13 2 10 8 12 2
Calcium Chloride 14 3 2 1 1 3 2 2
Magnesium Chloride 44 8 11 1 9 5 10
Clay Additives 16 - 1 4 2 3 3 2
Enzy mes 5 - 1 3 1
lonic 3 - - - - - - 2



Other Clay Additive? 8 - - 4
Bituminous 7 2 3 -

Adhesives 5 2 1 -

! Threeresponses wereobtained from Mi chigan and Canadausing five products.
2 A proprietary product that isnot classified as either an enzyme or ionic addit ive.

10



Duration of Effectiveness
Animportart characteristic of a dug cortrol/soil stabilization product is its duration of providing
effective cortrol. The agercies were asked to select a range of months thet most accurately describes
the products effective duration, which included less than 3, 3-6, 6-12, and other (Table 2.3). Overall,
most the chamical additivesprovided at least 3-6 months of dust control/soil stabilization eff ectiveress.
The survey results aso indicate that the magnesium chlorides, clay additives, and bituminous binders
provide higher durations of effectiveness. Infact, some agencies stated that these products were

effective for several years after the initial application.

Table 2.3. Chemical Additive Duration, by Months.

Cate gory # of <3 3-6 6-12 Other*
——————————————————— Percentage Response--------—-------

Chloride Additives 59 3 42 37 17
Calcium Chloride 14 0 71 21 7
Magnesium Chloride 45 4 33 42 20

Clay Additives 14 0 7 29 64
Enzy mes 5 0 20 40 40
lonic 2 0 0 0 100
Other Clay Additive 7 0 0 29 71

Bituminous 5 0 20 60 20

Adhesives 4 25 50 25 0

* SeeApp endix Table D-7 for further explanation.

Product Effective ness
Respordents were asked to rae the chamical additives using several quegions including

potholes, washboards, frost heave, soil strength, and a question regardirg the overal product rating

11



(Tables 2.4 - Table 2.6). The survey respondents coud rate these quedions as “Good,” “Fair,”
“Poor,” ard “Not Corsidered.” Most of the chamical additiveswere reported asbeing“Good” or
“Fair” for potholeeffectiveress. The additives that had the highest pothol es eff ectiveress were ionic,
enzyme, and magresiumchloride additiveshaving “Good” or “ Fair” eff ectiveness percentagesof 100,
100, and 87, respectively (Table 2.4). The charical additivesthat provided the lowest pothole
effectiveness were biturmrous binders and cal ciumchloride havirg “Good” or “Fair” effectiveness
percentages of 72 and 50, respectively.

The effectiveress of cherrical additivesregardingwashboards was similar to the pothole
effectiveress. 1onic, enzyme, and megresium chloride additives hed “ Good” or “Fair” effectiveness
percentages of more than 90 percert (Table 2.4). More than 50 percert of theresponderts reported

that the remaining chemmical additivesexhbited at least a “Fair” effectiveress rating

Table 2.4. Ratings of Chemical Additive Effectiveness, by Percentage Response.

#of Potholes ‘Wash boar ds
Cate gory

Responses Good  Fair Poor NC Good  Fair Poor NC

Chloride Additives 58 28 50 10 12 36 50 9 5
Calcium Chloride 14 21 29 7 43 21 50 7 21

Magnesium Chloride 44 30 57 11 2 41 50 9 0

Clay Additives 15 53 27 7 13 53 40 0 7

Enzy mes 5 40 60 0 0 60 40 0 0

lonic 3 100 0 0 0 100 0 0 0
Other Clay Additive 7 43 14 14 29 29 57 0 14
Bituminous 7 29 43 14 14 13 63 13 13

Adhesives 5 60 20 20 0 80 0 20 0

12



Accordingto the suney resuts, frost heave effectiveness was not a mgjor concernwhenusing
chemical additives (Table 2.5). lonic additives were the only additives that did rot report a 9gnficant
number of responses for the “Not Considered” efectiveress resporse (Table 2.5). Two of thethree
responderts usingionic additives reported that it provided “ Good” effectiveress for frost heave.

Ingereral, soil strergth is a more importart attribute of soil stabilization programs rather than of
dust control prograns. The agercies that used clay additives reported positive soil strength experiences
(Table 2.5). Acoordingto survey resuts, all of the ionic and enzyne additive users reported a 100
percent “Good” effectiveress soil strergth rating Bituminous binder users also reported positive ol
strergth effectiveress that had 86 percert “Good” or “Fair.” Adhesiveshad rrixed resporses of
“Good” ad “Non Considered,” while most of the agercies thet used chloride additives reported “Fair”

and “Not Considered” soil strergth ratings (Table 2.5).

Table 2.5. Ratings of Chemical Additive Effectiveness, by Percentage Response.

Frost Heave Soil S trength
Cate gory # of Responses
Good  Fair Poor NC  Good Fair Poor NC
Chloride Additives 58 11 12 25 53 11 47 5 37
Calcium Chloride 14 14 14 29 43 0 50 14 36
Magnesium Chloride 44 9 12 23 56 14 47 2 37
Clay Additives 15 27 20 7 47 60 40 0 0
Enzy mes 5 20 20 0 60 100 0 0 0
lonic 3 67 0 33 0 100 0 0 0
Other Clay Additive 7 14 29 0 57 14 86 0 0
Bituminous 7 0 0 43 57 43 43 0 14
Adhesives 5 20 20 0 60 40 0 0 60

13



Respordentswere asked to give anoveral product rating for each of the cherrical additives
they have used. Each of the chemical additive categories had at least 80 percent “Good” or “Fair”
overall effectiveress rating (Table 2.6). One hurdred percert of the ionic additive ard bituminous

binder users reported a “Good” overal effectiveress.

Table 2.6. Overall Ratings of Chemical Additive Effectiveness, by Percentage Response.

Overall Rating
Cate gory # of Responses
Good Fair Poor

Chloride Additives 58 67 29 3

Calcium Chloride 14 57 29 14

Magnesium Chloride 44 70 30 0
Clay Additives 15 47 47 7

Enzy mes 5 60 40 0

lonic 3 100 0 0

Other Clay Additive 7 14 71 14
Bituminous 7 100 0 0
Adhesives 5 60 20 20
Water 3 33 0 67

Cos t Effectiveness

Severa survey quegions dso attampted to determine the cogs and savings of dust control/soil
stabilization prograns. The survey requeged the program s costs, which were divided into labor

(equipment and employees) and product cogts. A limited nunber of agencies responded to these two

14



guegtions and a large variance occurred in the responses that were given therefore, no conclusions

regardirg the cost of such programs can be derived fromthe data (Table 2.7).

Table 2.7. Road Officials’ Labor and Product Cost Information.

Cate gory Labor $/yd Product $/yd
Resp. # Min. Ave. Max. Resp. # Min. Ave. Max.
Chloride Additives 18 .01 5 .62 22 .06 .25 .96
Calcium Chloride 9 .05 19 .62 11 .04 21 45
Magnesium Chloride 13 .01 A3 .62 15 .06 .27 .96
Clay Additives 6 .03 43 150 7 .020 .20 .50
Enzy mes 5 14 .20 .25 2 A3 34 54
lonic 1 1.50 150 1.50 N/A N/A N/A N/A
Other Clay Additive 3 .03 .05 .08 4 .02 21 .50
Bituminous 4 .05 .30 77 4 .10 .26 .50
Adhesives 2 15 .23 .30 4 .18 37 .67

Anattenyt also was mede to determine the cost savings of Lsing cherrical additives onroad
systems. Cost savings information for the dust control /soil stabilization programs included regraveing,
patching, and blading. The savirgsin regraveling ard blading are shown in Table 2.8, however, the
savings in patchirg were not tabuated sirce only two agerciesprovide responses. Simiar to the cost
data, it is difficult to make any conclusiors of the cost savirmgs when using chemical additives since there

were a small number of resporses havirg a large rarge of values.

15



Table 2.8. Average Road Officials’ Savings and Effectiveness by Percentage Response.

Cate gory
Resp. #

Chloride Additives 7

Calcium Chloride N/A

Magnesium Chloride 7
Clay Additives 1

Enzy mes N/A

lonic N/A

Other Clay Additive 1
Bituminous 2
Adhesives 1

Regraveling $/yd>
Min. Ave. Max.
.05 45 1.50
N/A N/A N/A
.05 45 150
.30 .30 .30
N/A N/A N/A
N/A N/A N/A
.30 .30 .30
.10 44 .78
15 15 15

Blading $/yd’
Resp. # Min. Ave. Max.
8 .02 .18 .52
N/A N/A N/A N/A
8 .02 .18 .52
3 .030 .67 1.83
1 15 A5 15
1 1.83 1.83 1.83
1 .03 .03 .03
2 .02 .92 1.83
1 15 15 A5

Respordents wereasked if the goecific chemical additivesthey used were cost effective froma

maintenarce perspective. Accordingto survey rests, all of the chemical additive categories receved a

positive cost effectiveress rating  Eighty-one percent of the agercies that used chloride additives

reported that they were cost effective from a maintenance perspective. Eighty-six percent of the

magresiumchloride users reported thet the product wascost effective in dust cortrol/soil stabilization,

where as 67 percert of the calciumchloride users reported it was cost effective from a maintenarce

perspective (Table 2.9).

Sixty-sevenpercent of the road official sirdicated that clay additives as a whole were cost

effective, however, this occurred because of the respondents’ poor evaluation of the other clay additive

category, a product that primarily corsists of surfadants and tri-silicants (Table 2.9). This sl

sample size and the use of only one type of product mekesit difficult to make any conclusions on this

16



additive category. It should be noted, that al of the agencies using the remaining types of clay additive
products (ionic and erzyme additives) reported that these produds were cost effective.

Respondents usirg bituninous binders and adhesive additives aso reported that these products
were cost effective from a maintenarce perspective. One hundred percent of the bituninous binder
users reported that the products were cost effective, while 60 percent of the adhesive additive users

state the products were cost effective (Table 2.9).

Table 2.9. Road Officials’ Cost Effectiveness Information.
Cost Effective

Cate gory
Resp. # Yes No
Chloride Additives 54 81 19
Calcium Chloride 12 67 33
Magnesium Chloride 42 86 14
Clay Additives 12 67 33
Enzy mes 5 100 0
lonic 2 100 0
Other Clay Additive 5 20 80
Bituminous Binders 6 100 0
Adhesives 5 60 40
KEYS FOR SUCCESS

Although agencies may be tempted to salect an additive based on the lowest initial cost and the
ease of application, these two characteristics may ot be the most ecoromical in the long run.
Successful dust control/soil stabilization programs are achieved by first selecting the appropriate

chemical additive based onthe soil type, cimate, etc. The nost importart step is to apply the chemical

17



with the correct and consistert application methods. Other factors also will be discussad that may
irfluence the success of usinga specific product or achievirg a successfu ard cost effectiveness
program.
Soil Analysis

Before selectinga dug cortrol/soil stabilization product, it is importart to evaluate the soil on
theroad surface. Some product manufacturers and/or distributors produce or sell several different
types of cherrical additives and they will recommend a product that will achieve the beg resuts for
specific soil typeswithin a region. Soil commonly is classified urder the Unified Classfication System
(UCS) or the American A ssodation of State Highway and Transportation Officials (A ASHT O)
Classffication System  These systens determire the grain size distribution of soil particlesand cohesive
nature of the fine sized particles. Most product manufacturers recommend certain soil requirements to
achieve dfective resuts with their product. They may require a specific type of soil based ona
classification systemor they may require the soil to have certain percentagesof il particles, i.e., a
percentage of soil particles passing a No. 200 sieve or a ol thet has a specific plasticity index (P1)
value or range of values. Soil tests can be performed by the agency or samples can be sent to the
product manufecture for evaluation. In fact, some manuacturer’ srequire potertial users to send a ol
sanple to the company so they can performtestson the sil. These tests deternmine how the soil
samplereacts with the product. If a negative reaction occus, the manufacurer will advise the agercy
not to use the product.

Based on surnvey results, few of the agercies performsoil tests prior to additive seection In

fadt, only 4 of the 60 agercies, or approximately 7 percert, performed soil tests. All agercies thet

18



performed soil testsreported a“ Good” overall effectiveress and they were cost effective roma

maintenarce perspective.

19



Methods of Application
Proper appilication procedures also are importart to insure a successful dust control/soil
stabilization program  Product manufacturers ard distributors reconmend pecific application methods
for usingtheir product or prodicts. Some companies provide conaultarts that will aid in the application
process, while other companies attenpt to insure consistent success by applyirng their products using
their own personnel, equipment, and application methods. Application methods generally include the
falowing:
v/ Scaify the road surface to arecommended depth
v Dilute the product with water to achieve the proper dilution ratio
v/ Apply the corect anourt of product for a specific amourt of soil
v/ Mix the solution ard |oose soil and crown the road surface
v/ Compact theroad surface using various types of compacting equipment
The application methods listed above are generic in nature and vary from product to product,
however, insuringa proper crown on the road surface is animportart step in the application process of
any product. Generally atype“A” crown isrecommended for gravel roads. A type “A” crown
ircorporates one-half inch drop for every foot from the center lire (Figure 2.1). A proper crown will
limit the amourt of water that may infiltrate the surface, therefore, causngless product to be leached
further into the soil. A proper crown also limits the amount of product that may be carried off theroad
surface. This pheromenon primerily occurs to water soluble products since they dissolve in the water

and are carried off the road surface. A proper crown also reduces puddles onthe road, which cause

soft spots.
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Figure 2.1. “A” Crown

Other Factors

Analyzngthe soil and performing proper application methods are two importart conmponerts of
successful dust control /soil stabilization prograns, however, special considerations nust also be given
to the climate of thearea and the traffic volumes on the roadway. It also is important to consider
possible hazards that may damage application equipmernt, vehicles, and notor vehicles due to the nature
of the chemica additive, such as beingacidic. Plart vegetation and ground water contarmiretion also
may occur, therefore, proper gpplication methods must be performed to reduce or dinirete this
problem For themost part, chemical additives for dust control/soil stabilization are environnentally

safe or hazardous effects areonly evident during the application process.

RECORD KEEPING
Detaled and accurate record keepingis necessary to evaluate a dug cortrol/soil stabilization
program. The agency must record information ircludingwhen and where the product was applied, the

amourt of product applied, product costs, and labor and equipment costs. The cods of blading
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regraveling and patching shoud be recorded before and &ter implementinga dugt cortrol/soll
sahilization program  This allows agencies to compare road maintenance costs and will ereble themto
determine the effectiveress of the chemical additive.
Appendix E contains two sanple forms: 1) application record keepirg, and 2) aformto record
program benetfits.

Berefits from using chenrical additives canbe classified as tangibleand intangble
Targible benefits are probably the more obvious berefits of a dust control /soil stabilization progamand
include reduced blading regraveling and patching Althoudh it is hard to place a nonetary value on
intang ble benefits, these benefits provide val uable feedback regarding a chemical additive’' s
effectiveress. 1ntangible benefits include reductions in vehicle accidents vehicle damege, ard
complairts fromthe public. Usingthese forms will allow agerciesto accurately evaluate their dust
control/soil gabilization programs.

Accordingto survey resuts, most of the agercies that use cherrical additives did not have
detailed cost information. As preciously mentioned, some of the agencies had cost informetion
pertainingto produd and Iabor, however, cost data related to savings in blading regraveling and

patchingwas limited.
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CHAPTER 3

CONCLUSIONS

Dug control/soil gahilization programsthat use chemicd additives exhibit severd bendfits. The
applications of cherrical additives assist in creatinga dense, dust-free road surface; therefore, road
maintenance including bladirg, regaveing and patchingare greatly reduced. The redudions in road
maintenance equate to savings in gravd, labor, and equpment costs. Mary intangbl e benefits also can
be noted by implementing dust control/soil stabilization programs. Some of these berefits include
reductions in vehicle accidents, vehicle maintenance, airborne pollution, and public complaints due to
poor road conditiors and dust.

Accordingto the survey developed for this study, 60 agencies, mainly within the Mourtain
Plains States, used 90 chemical additives for dust control/soil stabilization The chloride additives were
themost widely used (64 percent of theresponderts), while the clay additives, biturminous binders and
adhesives were used by 18, 8, and 6 percent of the respondents, respectfully. The survey also
determired that most of the agencies that used chemical additives stated that they had success usingthe
products. Each of the four chemica additive categories displayed favorable performarce ratings
ranging from80 percent (“Fair” to “Good”) to 100 percent (“Good”).

Ancther important issue reated to chemicd additiveswas rdaed to cost effectiveness The
survey respordents wereasked if gpplication of chemcal additiveswas cost effective roma
maintenance perspective. Based on survey results, the chemical additive categories were reported to

have a cost effectiveness rang g from 60 to100 percent.
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RECOMMENDATIONS
A successful dust control/soil stabilization program shoud incorporate a soil andysis to
determine the appropriate chemical additive for application, performthe proper application procedures
once a product has been selected, and carry out detailed and accurate record keepirg to determine if
the product is cost effedive from a maintenarnce perspective. These practices should help create a
more effective or successfu dust control/soil stabilization program. If problems or shortfalls occur,
accurate record keeping may provide insight to determine the cause of poor performance, sich as

errors in application processor a breakdownin the cherrical additive.

LIMITATIONS
It is importart to note that sone of the chamical additive categories identified in the Sudy did
not report a highusage inthe region. The chloride and clay additives were used by mary agencies,
however, the biturrinous bindersand adhesives were not used to such a highextent. Therefore,
questions related to the chlorides and clay additives may be more accurate or representative for the

Mourtain Plain States.

NEED FOR FURTHER STUDY
Gravel shortage continues to be a probleminmary states, therefore, road official smust
determine innovative methods to reduce gravel use, such as applying cherrical additives. Mary
chemica additives exist on the merket for dust control/soil stabili zation and are used throughout the

courtry. Howewver, except for megresiumchloride, little informetion is known about eff ectiveress of
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other products in the regon. Test sites coud be established to evaluate different categories of cherical
additives onvarious types of sails, traffic etc. Another method to reduce gravel road maeintenarnce
costs, which was not discussed inthis report, is to evaluate the use of recycled pavenent on unpaved

roads to improve soil stabilization.
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APPENDIX A
SUMMARY OF CHEMICAL ADDITIVE CHARACTERISTICS
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Product

Calcium
Chloride

Attributes

Starts to absorb waer fom air at 29%
relativehumidity (77°F).

Reduces rateof evaporation 3.4 times.
(vapor pressure of saturated solution at
77°F is 7 mm Hg). Note: the lowe the
vapor pressure, the greate the aility to
resist evgporation.

Significantly increases surface tension of
water film between partides, helping to
slow evaporation and further ti ghten
compaded soil as drying progresses.
Lowers freezng point of waer solution
to -60°F, mi nimizing frost heave (30%
solution). Freezing ofa treded road not
only begins at lower temperature, but
alsoisgradua and seldom complete.
Treated roal can be regraded and
recompaded with less conaern for losing
moisture and density.

CHLORIDE ADDITIVES
Limitations

Slightly corrosive to sted and highly cormsive
to duminum and its aloys; attracts m oist ure,
thereby prolonging active paiod for comosion.
Rainwater tends to infiltrate and leach out
highly solubl e chlori des, but i f the road has
proper crown, most water is deflected sidevays
into ditches.

During dry peiods, upward capillary ation
may cause chlorides to crystali ze near the road
surface, whee they @n be lexhed away by
sudden rain.

Low cementing adion.

Exothemic; releases heat as it dissolves,
enough to be a sdety hazad to worke's mixing
the dry form in w ater.

Do not apply theprodud if rain is likdy to
occur within 24 hours; rai nfall wil | create a
dlick surface.

Spi lls of concentrate may kil | or burn
vegetation so reasonablecarein handling
required.

® Quickly deanup spills to prevent slick spots.
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Soil Types

® Most effective w hen used
on wel |-graded road
surfaces.

® Som e manufacturers
remmmend a cetain
amount of fnesin the
soil ranging from 3-25%
passi ng #200 s eve.

Sources

® Consists of by-product brine

from manufactureof sodium
carbonde by ammonia-soda
process and of bromine from
naturd brines.
Three forms: Flake or Type
I: (77 to 80% conc, 100#
bags). Pellet or Type II: (94
to 97% conc. 80# bags).
Clear liquid (32/35/38%
corc., tankes).
Some brand names:
LIQUIDOW, DOWFLAKE,
SURPERFLAKE,
ROADMASTER, IPC 1185,
PELADOW



® Starts to absorb waer fom air at 32%
relativehumidity (77°F).

® Reduces rate of evaporation 3.1 times
(vapor pressure of saturated solution at
77°Fis 7.6 mm Hg).

® More efective than calcium chloride
solutions for increasing surface tension,
resulting i n a hard road surface.

® | owers freezng point of waer solution
to  -27°F (22% solution). Freezing of
treated road not only begins at | ower
temperature, but also is gradud and
seldom com plete.

® Treated roal can be regraded and
recompaded with less concern for losing
moisture and density.

Magnesium
Chloride

® Most effective w hen used
on wel |-graded road
surfaces.

Som e manu facturers
reommend a cetain
amount of fnesin the
soil ranging from 3-25%
passi ng #200 s eve.

In coneentraed solutions, vay corosive to
steel; attracts moisture, thereby prolonging
activeperiod o corrosion. Some products
contai n corrosion-i nhibiti ng additi ve. °
Rainwater tends to infiltrate and leach out

highly solubl e chlori des, but i f road has proper

crown, most water is ddlected sideways into

ditches.

During dry periods, upward capillary action may

cause chl orides to crystali ze near road surface,

wherethey can beleachal away by sudden rain.

Low cementing adion.

Do not apply theprodud if rain is likdy to

occur within 24 hours; rai nfall wil | create a

slick surface.

Spi lls of concentrate may kil | or burn

vegetation so reasonablecarein handling

required..

Spi lIs must be cleaned qui ckly to prevent dlick

spots.

Source Colorado Transportation Information Center, Bulletin #3, Road D ust Suppres sants , Dept. of Civil Engineering Colorado
various chemica additive product information.

State University, Fort Collins CO, 1989, and
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Prod uct

Sodium
Chloride

Calcium
Chloride and
Sodium
Chloride Mix

Tonic

Enzymes

Attrib utes

Starts to absorb waer fom air at 76 %
relativehumidity (77°F).

Redu ces rate of evaporation 1.3 times
(vapor pressure of saturated solution at
77°Fis 18 mm Hg).

Increase surface tension dlightly less than
calcium chlori de.

Lowers freeang point of waer solution
to -6°F (25% sol ution).

When mixed into road base, dfectivdy
improves mechanical stability.

Combines stabilizing action of sodium
chloride with dust antrol of calcium
chloride

Com pared to calcium chlori de alone,
reduces cost 20% whi le losing | ess than
5% dust contol.

Chemically readt with clay minerdsin
the soil to produce a materia that
exclud es water from the clay | atti ce.
Compaction can now ocaur and results in
a stabi lized road surface.

Creates awater resistant laye around the
clay paticles which limits the swelling
potentid of the clay minerd.

Used to accelerde cohesivebinding of
the soil paticles.

Allow larger organic molecul es to at tach
to the clay latice which presents any
further water to beadsorbed.

Com paction near optimum m oist ure
content wil | create a dense surface.

CHLORIDE ADDITIVES (Continued)

Limitations

® Moderately corrosive to stedl in diluted

solutions; attracts moisture, theaeby prolonging

active peiod for comrosion.

® Asit becomes dil uted or leaches out, disperses

clay which shrinks on drying and becom es
more susceptibleto blowing.

® |fover applied, may pose a thred to plant and
animal life, aswell as possible ground water
contamination.

® Not an dfectivedustproofr; thus typically
used to stebilize road baseand topped with
caldum chlorideto contrd dust.

® Same limitations as for these salts used
individually.

CLAY ADDITIVES

® Since most of these products mnsist of strong
acids, sakty equipment will be needed during
the application process.

® Once the product is applied, however, thereis

no concemn about it leaching away and haming

the envionment.

® May cause eye and skin irritation, therefore
safety equipment should be wom during
application.

® However, these products generally ae non-
toxi ¢ and environm entall y safe.
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Soil Ty pes

® Most effective w hen used
on wel |-graded road
surfaces.

® Most effective w hen used
on wel |-graded road
surfaces.

® Effective with soils that
have cohesive fines
(clay). Theamount may
range from 10% to at
least 20%.

® Some products may not
work wdl in organic soils
or if soil has more than
40% sand.

® Effective with soils that
have cohesive fines. The
amou nt need ed varies
with different produds.

Sou rces

® Occurs naturdly as rok salt
(mined mechaniclly or
hydraulicall y) and brines
(refined or evaporated).

® Some brand names:
MORT ON SALT,

DIAMOND SALT

® Salts mixed before applying
equal parts by weight of CC-
grade rock or evaporated

salt with flake cdcium
chloride (f pellet, use 100#
salt/80# pellet). No

premixed solutions.

® Consist of strong oxidizng
agents (aid) and may be
combined with dispersing
agents, solvents, and resins.
® Some brand names:
BASE ONE, CBR PLUS,
ROADBOND EN1,
CLAYPACK

® Primarily consist of a
compaction enzyme and a
dispersion agent.

® Some brand names:
PERMAZYME 11X, EMC

SQUARED, PACZYME,
ENZYMATIC SS



® Create eementitious properties that bind

Lime soil particl es tog ether.
Derivatives ® One of the oldest methods of
stabilization.

® Engineging tests should be conductel to

determine how theaddtives read withthesoil.

® Effectivewith a vaiety
of soil types (sand,
gravel, crushed stone,
andclay).

Consists of various mixtures
that use limeas the main
activeingredient.

Source Colorado Transportation Information Center, Bulletin #3, Road D ust Suppres sants , Dept. of Civil Engineering Colorado Sate University, Fort Collins CO, 1989, and

various chamicd additive product information.

Product Attributes
® Binds soil particles togethe becaise of
their adhesive propetties resulting in a
Petroleum dense road surface.
Resins and ® Creates a water-res stant road surface.
Modified
Asphalt
Emulsions
® Binds soil patides together to form a
hard curst on t he road surface.
® During rain, disperses clay, whichin turn
swell s and plugs pores, reducing water
penetraion.
Organic ® Crestes awater resi stant surface
Non- ® Tendsto remain dli ghtl y plastic,
Bituminous permi tti ng reshaping and add iti onal
trafic compaction.
® Most products are environmentaly safe,
biodegradale, and non-crrosive
® Dispersian agents dlow the product to
penetrat e the surface while the polym ers
undergo a chemical reaction between the
soil partides.
Poly mers ® Chemical reaction crestes a ementitious
effect that achieves a dense w ater
resistant road.

BITUMINOUS BINDERS
Limitations

® Under dry conditions, some products may not
maintain resilience; can brm a crust and
fragmert under trafic loads.

® Waste oil subject to state regulations for
handling and disposing of hazardous
substances.

® Road closure may be needed to alow prod uct
penetraion.

ADHESIVES

® Materid pickup may occur br some products
imm ediatel y after appli cation; therefore, road
closure or reduced speeds may be necessay.

® May exhibit cormsive effiects to aluminum and

its alloys; however, some products contain
additives that neutralize this efect.
® The binding capabil ity may be reduced by

excessiveheavy ran or dry petiods becausethe

product is biod egradabl e.
® Road closure may be needed to allow prod uct
penetraion.

® Undiluted products can causeheadace and
nauseain unventilaed areas.

® May cause eye and skin irritation, therefore
safety equipment should be used during
application

® Concentrated spills should be contained and
recoveaed.

® Overdl, these products are non-taxic to
humans and non-cormsive to metds.
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Soil Types

® Effective on avariety of
soil types induding soils
that have ahigh
percentageof sand, silt,
and clay along with wdl-
gradal soils.

® Most effectiveon soils
that haveapproximately
15% cl ay; however,
positive results have
occured witha varety
of soil types.

® Effective in avariety of
soil types.

Sources

Bitumenss (resid ues form
crude oil) that may be
combined with dispersing
agents, catal ysts, etc.
Some brand names:
COHEREX, CONSOLID,
PENNZSUPPRESS D,
PET RO TAC, ENVIRO-
ADL-200

Consists of by-products of

lumber and soybean

industries.

Some brand nanes:

DUSTAC,

DUSTBLOC 315 (lignins);

DUSTROL EX,

ENDURASEAL 100,
ENDURASEAL 200,
PINE SAP

EMULSION, ROAD
OYL (tree resins);

SOAPST OCK (soybean oil)

Consists of by-products of
the adhesiveand paint
indu stri es
Some brand names:
SOIL-SEMENT,
POLYMER/ENZY ME,
EMS, M ARLOC



WATER

® Poses no threat to the environment. ® Evaporates readily, ontrolling dust generdly ® Used on avaridy of soil
® Normally, readily available. for less than aday. types.
® Costs more than other i norganic chemical
suppressants because ofrepeaed applicaion
needed to ahieve same level of control (Iaor
intensive).

Water

Source Colorado Transportation Information Center, Bulletin #3, Road D ust Suppres sants , Dept . of Civil Engineering
Colorado Sate University, Fort Collins CO, 1989 and vaious chemical alditive product information.

APPENDIX B
CHEMICAL ADDITIVE INFORMATION
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CHEMICAL ADDITIVE CATEGORIES FOR UNPAVED ROAD SYSTEMS

As previously discussed, typical cherrical additive categories for dust cortrol/soil stabilization
programs include chloride additives, clay additives, bituminous binders, and adhesives.
Informetion related to the properties/qualities effective soil types, special corsiderations, and past

studies/reports of each category will be discussed in the followirg sections.

CHLORIDE ADDITIVES
Properties/Qualitites _

A chloride is a conrpound combining an elemert of cHorire and another elemert. Chlorides,
whchare used for road systems, gererdly corsist of calcium chloride (CaCl,), megnesum chloride
(MdCl,), sodiumchloride (NaCl), and natural brines that contain cHoride salts. These compounds can
be mixed with other various elements, compourds, and ingredients, suchas anti-corrosive agerts, and
are applied in etther aliquid or solid state. Chlorides are well suited for dust abatement because they
reduce the effort needed to meintain a moist road surfece, and the effort needed for compaction for
better soil stabilization.

Calciumchloride is a by-product from the ammonia-soda process during the production of
sodiumcarborate ard also is fourd in retural brines Magnesumchloride is a by-product brine from
potash production, ard occurs in retural brines  Sodium chloride, knownas table salt, occurs naturaly
as the minerd halite (rock salt), and takes place in bothrefined ard natural brines (Lowerheimand

Moran, 1975). Sodium chloride is typically used in de-icing paved
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roadways in northem clinetes, but it gererally isnot used indust cortrol/soil gabilization prograns.
Chlorides, primarily MgCl, and CaCl, display both hygroscopic and ddiquescent properties.
Hygroscopic meansthe product draws moisture fromthe air to keep the road surface moist.
Deliquescent describes the tendency to resst evaporation to maintaininaliquid state. These two
properties help hold the finesto the road surface and keep a dense roadway. As shownin Figure 3.1,
caciumchloride starts to absorb water from the atmosphere at 29 percent relative humidity (77° F),
while decreasingthe rate of evaporation by 3.4 times. Magnesumchloride starts to absorb water at 32
percent (77° F) relative humidit, and decreases evaporation by 3.1 times. Sodium chloride is not as
effective in attracting or retaining moigure since the rdative humidity must be greder than 75 percert
(77° F), and decreases evaporation by only 1.3 times (Colorado Transportation Irformetion Center,
1989). The amourt of water absorbed by cHorides can be ggrificant. For exanple at 75 percent
relative humidity and 77° F, calciumchloride absorbs nore than two times its ownweight (Nebraska

T? Intercharge, 1955).
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Apperdix Figure B-1. Absomtion zone asit relates to relative humidity and temperature for
calciumchloride and megresiumchloride.

Source: UMA Engreering Ltd. “Guidelines for Cost Effective Use and Application of Dug
Palliatives” Roads and Trarsportation Association of Canada, Ottawa, Caneda, 1987, pp. 14.

35



Chlorides also decrease the freezing poirt of aqueous solutions with respect to their
corcertrations. This property is more evidert in CaCl, and M¢Cl,, rather than NaCl. A water solution
cortaining 30 percat CaCl,, 22 pecaet MdCl,, and 25 percert NaCl will lower the solution’ s freezing
poirt to -60° F, -27° F, and -6° F, respectively (Woods, 1960). The freezingof a cHoride-treated
road not only occuss at alower tenperature, but is gradual and seldom conpl ete; therefore, they
minimize frost heave and they reduce freeze-thaw cycles (Colorado Transportation Irformetion Center,
1989). Frost heave occurs when water in the oil pores freezes. When water freezes, its volume
increases about 10 percert (Garber ad Hoel, 1997). Due to increase in volune, pressure is created in
the soil, which may cause some road sections to heave or expard out of theroad surface. Ths natural
phenomeron canirflict major structural damege to construction projects, sich as road systens.

Chloride products corsist of three basic types: liquid, flake, and pellet. The liquid solution
normally cortains 32-38 percert solid product dissolved in weter. Flakes are solid inform, and
gererally are 77-80 percent pure. Pellets also are in a 20lid state, and are 90-93 percent pure. Liquid
solutiors are used indust control and soil stabili zati on applications, while flakes and pellets normelly are

used only indust cortrol applications.

Recommended Soil Types
Chlorides work nost effectively onroad surfaces that corsist of well-graded solls, and can be
applied usngeither topical or mixed-in-place methods. A well-graded soll has particle sizesof awide

range (Figure 3.2). Since chlorides aid in the retaining of noisture, they alow soil “fines’ to remain on
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the road surface. Ths characteristic heps meintain a derse road surface, which will be less susceptible

to potholes, wastboards, ritting etc.
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Appendix Figure B-2. Various particle-size distribution curves.
Source: Das, Brgja M. Principles of Geotechnical Engineering, 3" edition, 1994, pp. 24.

Curve | illustrates asoil that corsists of soil particles thet are the same size. It commonly is
knownas poorly graded soil. Cuve Il ilustrates a soil that hes soil particlesover a wide range of sizes,

which isreferred to as well-graded soil. Curve 111 illustrates a soil that has a
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wider rarge of particle sizesthan poorly g-aded soils, however, some particle sizesare not represented.

This soil can be described as gap graded (Das, 1994).
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Special Considerations

Chloride products have many attributes; however, they do display some negetive features.
Some safety issues must be corsidered before applying chloride products.  These products may cause
ground water cortamination, and also may be toxic to some plants. 1f thewater table is within 25 feet
of the road surface, chloride products should not be used because increased cHoride concentrations
may cause grourd water contamination (Cargil, Inc.). Chlorides are most toxic to maple, henfir, birch,
and sone pires; therefore, these species shoud be planted at least 30 feet from the road to linit these
negative effeds (Better Roads, 1991). The amourt of chloride concertration in the ground or surface
water varies with: 1) the amourt of product applied, 2) the amourt and irtensity of precipitation, 3) the
soil type, and 4) the drainage characteristics of the road surface (Pollock and Toler, 1973). Safety
equipment is recommended for the workers during application since chlorides may causeeye and skin
irritation.

Chlorides also can exhbit corrosve effects to geel and aunmnum alloys; however, some
products contan anti-corrosve additives that cangreatly reduce these corrosve effects. Ore
manuadure evenclaims that their produd is approximately 20 percert less corrosive thantap water
(Cargil, Inc.). If theroad surface is not crowned properly, rainfall may peretrate the road surface
causing the highly soluble chloride to leach out of the soil. Duringdry periods, the dhlorides rise near
the surface due to capillary action and crygallize. 1f heawy rain occus, the chlorides may be leached

away. Therefore, periodic sprayingof roads canreduce this effect duringdry periods.
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Past Studies /Re ports

Chloride additives have beenused for dust control/soil stabilization for the last certury. Several
studies and reports show that chloride additives have been used extensively throughou the Midwest,
and nost agencies have hed good resuts. A report corducted by Braun Intertec Pavement, Inc. for
the Minnesota Department of Transportation sumimarizes results of a dust control survey given to
Minnesota county and city agercies. The survey showed that 86 percent of the 83 respondents, who
applied dust cortrolling additives, used chloride additives. The study also reported that most of these
agencies were satisfied with the products effectiveness (Chunhua, 1992).

Chloride additives also have been used by the U.S. Department of Agriculture (USDA) -
Forest Senvice. A report sponsored by the USDA discussad several studies and products thet have
been used by the Forest Service in the Pecific Northwest. One study fromthis report occurred in the
Lolo National Forest, which is located inwesternMontare. The 1992 study eval ueted eight dust
controlling products witha control section. 1t concluded that magnesium choride outperformed the
other products ard had ore of the lowest costs (Bolander, 1997).

Another study, which was corducted in Colorado during 1993-1994, concluded that chioride
additives were effective in reducirg the amount of aggregate |oss. When compared to the untreated test
section, cacium chloride and magnesium chioride treated sections reduced the amount of aggegate
loss by 43 and 60 percent, respectively (Sanders et. al., 1997).

As previoudy discussed in Chapter 2 of this study, 64 percent of the 90 product respondents

used chloride additives. Asawhole, 96 percent of the chloride users reported an overal product ratirg
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of ether “Good” or “Fair,” while 86 percent of the magnesium chloride users and 67 percent of the

calciumchloride users stated these productswere cost effective from a maintenarce perspective.

CLAY ADDITIVES
Clay additivesconds of productsthat chemicaly react with dlay minerdsin the soil. The
chemical reaction binds the cohesive fines (clay ninerds) together creatinga dense mixture thet
excludeswater fromthe clay lattice; therefore, the damage caused by freeze/thaw cycles is limited.
Clay additives canbe classified into three main types: ionic exchange additives, erzyme additives, ard
lime derivatives. These three types vary in chemica composition and properties, but al react with the

day mineralsin asimilar manner.

Ionic Exchange Additives

Properties /Qualities

lonic exchange additives are products that primarily consist of strong oxidizing agents (acid),
but often are combined with other ingredients sLch as dispersing agerts, solverts, and resins. These
products chemically reect with the clay nminerds in the soil to produce a mixture thet excludes water
fromthe clay lattice. Clay minerals generally are microscopic flaked-shaped particles corsisting of
mica, clay nminerds, and various other minerds (Das, 1994). Clays canbe defined as particles thet
become plastic when mixed withwater (Grim, 1953). Plasticity is the capability to become molded or

putty-like, and it is related to the anourt of clay mneral in the soil.
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Clay minerds consist of complex alunminum silicates which cancombire into slica or octahedral
sheets. Different conmbiretions ard arrangements of these sheets result in clay mnerds suchas
Kaolinite, Illite, Montnorillonite, etc. The surfaces of clay particles carry a net neggtive cherge
therefore, these particles are attracted to postively charged iors or cations (Das, 1994). In dry clay,
cations sichas Ca?, Mg'?, Na', and K** surround the clay patticles to balancethe negative charge.
Whenwater is combired to the clay, these cations ard a few anions are susperded arourd the day
particles (Das, 1994). This layer of water is referred to as a diffuse double layer.

Water is considered to be a dipole — two equa and opposite el ectric charges that are separate
by a sl digance. The two hydrogen atomsof a water nmolecule are bonded at anges of 105 degrees
from each other on the oxygen atom  This occurrence creates a negative charge on one side of the
molecule and apositive charge on the other side. Dipolar water is attracted to the negative charge of
theclay particles and the postive charge of the ions suspended in the double layer. All of the water
attracted to the clay particlesby electrostatic forces is known as double-layer water. The innermost
coating of thsdouble-layer water is called adsorbed water, and it is held firm by clay particles (Das,
1994).

Some clays, suchas Montmorillonite, have spaces between the slica sheets, which alow the
clay particles to absorb water causingthemto expard. Asthe clay expands, they create a
largeamourt of pressure that causes the soil to shift.  This exparsive reture can cause failuresto occur
in fourdations of buildings and road systens (Louw, 1992).

lonic exchange additives expd or prevent the absorptionof water by adding smaller, powerfu,

positive molecules to bal ance the negative charge on clay particles. The positive molecules of the
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additives disassociate and replace the larger and weaker cations, suchas sodiumand water.
Compaction cannow occur with ninimal effort and resuts in a stabilized road surface.

lonic additivesalso contain ingredients thet creae a hydrophobic (water resistart) layer around
theclay particles. This layer permits water to travel through siell capillaries betweenthe soil particles

without being attracted to the clay particles.

Effective Soil Types

__ lonc additivesrequire cohesive finesfor effective bindingto occur. Ths required amourt of
clay finesvaries depending on the product, however, they can range from 10 percert to at least 20
percert. Some products may ot work well in orgaric material or if the il congsts of 40 percert or
more sand. Certain manuacturers reques soil samples from potertial cugomers to determine if the ol

wil positively react withtheir product.

Special Considerations

Only ore mgjor special consideration exists with ionic exchange additives. This concem deals
with the applicationprocess. Since most of these products cortain strong acids, safety equiprmrent nmust
be used by the workforce. Because the products create a permarent reaction with the soil, there is no

concern about the product leachingout of the il and harming the environment.

Enzy mes
Properties /Qualities
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Erzyme formulations are solutions that primerily corsist of a compaction ereyme and a47
digersingagert. Anenzyme is made up of complex proteins that act as an orgaric catalyst, which
rapidly conpletes the process of a charical reaction. Enzynes are used to accderate cohedve binding
of the soil particles. Use of the dispersing agent in the formulation is to allow enzymes to penetrate the
road surface more effedtively.

One example, the formetion of shale from the compaction of clays and sits, explains how the
enzymeswork. Shaleisformed from the settlement of sediments and on the ocean floor. Overlying
material compresses sediments and expels most of thewater in the material, which creates the rock
formationknown as shele. The process of creating shale takes milliors of years to occur; however,
enzyme formulations attenpt to drastically reduce this time to daysor evenhours to achieve similar
resuts. The enzymes allow larger organic molecules to attach to the day lattice, which prevents any
further water to be adsorbed. Compaction near optimum noisture cortent (OMC) will create a dense

surface. The resuting surfece resists water peretration, vehicle wear, and weathering

Effective Soil Types

Enzymes work with soils that contain cohesive fires. The amount of cohesive fines may vary
with different products. Accordingto the product informetion received frommanuecturers, ore
manufacturer recommends usingtheir product on a soil thet cortains 18-30 percent cohesve fines

Another manu ecture reconmendsa soil thet has a plasticity index (P1) of eight or greater.

Special Considerations



Enzymes exhibit few safety concerns. In general, these products are non-toxic ard are
environmentally ssfe however, erzymes may cause eye and skin irritation during the application
process. Therefore, safety equipment such asgoggles and rubber govesshoud be used. 1f a spill
occurs, dilue the product withwater to dinirete pooling ard to reduce the dippery nature of the

product.

Lime Derivatives
Properties /Qualities
Lime derivatives are comprised of various mixtures thet use lime (Ca0O) as the mainactive

ingredient. Soil stabilization can occur whenusing lime (quicklime) by itself, while othe produds, such
as pozzolars and portland cement, combire lime with various other chemcal fornulations. These
additives create cementitious properties that bind soil particles together to create a dense road surface.

Lime is oneof the oldest products thet has beenusad to stabilize soil. Lime is produced by
buming calcitic or dolomitic limestore at hightemperatures. The resuting product generally corsists of
calciumand magnesium oxides and hydroxides; however, the most comnonly used compounds for lime
gabilization are calcium hydroxide [Ca(OH),], and dolomite, [Ca(OH), + MgO]. When lime is added
to the sail, a cationic exchange takes place that decreases the tendercy of clay to expard. Limeisan
essertial componert of fly ash ard portland cement (common typesof pozzolans), since it behaveslike
an adivator in the cementing reaction (Garber and Hoel, 1997).

Pozzolans can be defined as finely divided particles consisting of sliceous or siliceous ard

aluminous meterial, which in the presence of water, chemically react with calciumhydroxide (lime) to
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form a cementitious conmpound. Pozzolans were main conponerts of thefirst hydradlic cement that

was used some 2,000 years agp by the Greeks ard Romans. Pozzolanic reactions occur when ime is
combined with fine grained oils, such asclay minerals, quartz and feldspars, since they may corsist of
dlicaand alumina; however, lime stabilization is most effective in clayey soils (Garber and Hodl, 1997).

Fly ash is a common pozzolan that has beenused in soil stabilization. Fly ash is a by-product
from ooal-fired power plants, and is mainly conposed of siiceous and aluninous meterials, as well as
lime. Two types of flyash exid, Class F ad Class C. The major difference between the two typesis
tha Class C fly ashcontans approximetely twice as muchlime as Class F fly ash  Class F fly ashdoes
not have enough lime to create the pozzolanic reaction; therefore, additiord lime will be needed if it is
used in road stabilization. Fly ashworks ona variety of soils including sands, g-avd, and crushed
stores; however, since this category draws noisture fromthe soll, it exhibits positive resuts with soils
having higher quantities of clay.

Portland Cement is produced by pulverizingand burning specific quartities of selected raw
materials where theend product, portland cemert, is primarily mede up of lime (CaO) ard silica (SO,).
The binding property of portland cement occursfrom the chemical reaction between the cement and
water, commonly krnown as hydration. Accordingto the Portland Cement A ssociation, cenment can
stabilize rearly all types of soil (Soil Cement L aboratory Harndbook, 1971).

__ Other clay additives can consst of a variety concentratiors and mixtures. Some additives are
usad individually or they may be combined with two or more other products to obtain posiive resuits.

For exanple, fly ash may be added to cerment to achieve astrorger strergth corcrete a a lower price.
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Another exanple is thet lime may be added to fly ash especially Class F, because it normally doesnot

have enough limeto be sdf cementing.
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Past Studies /Re ports

Severa studies have been conducted to determire effectiveress of clay additives. These
additives have beenused by several governmental entities, includingthe USDA-Forest Service, several
state and county agencies, and the military.

Clay additives have had numerous uses withthe USDA-Forest Service. Natiordl Forests
located in Arkansas, Florida, Montana, New Mexco, Oklahoma, Temessee, and Texas heve
experienced postive results with day additives (Scholen, 1992). Efectiveress of these areas rarge
from performing minimum maintenarce to no maintenarce after the products were applied.

An erzyme formulation called Permezyme 11X has exhibited positive resuts based on past
experiences. Ore study corducted by the Alaska Department of Trangportation and Public Facilities
Central Regon reported that Permazyme 11X has been used on several roads throughout the regon.
The roads treated with this product have nmeintained a hard and stable road surface (Browrfield, 1994).

The Emery County Road Department in Castle Dale, UT aso has used Permazyme 11X on its
urpaved road system The use of Permazyme hasallowed Emery Courty to eliminate one notor
grader position using his services in other areas. Specifically, after seven years of using Permazyme
11X onFerron Canyon road, bladingonly was required four times a year, conpared to every two-to-
three weeks prior to gpplication. Based on these factors, Emery Courty considers Permazyme 11X to
be an extremely cod effective product (Funk, 1993).

Earth Maerials Catalyst (EMC) is another clay additive that has showed positive eff ectiveress.
EMC, which is an enzyme fornmulation, has been successfuly used on unpaved roads by military

installations, auchas Fort Carson and Fort Ord; ard on federal lands such asthe Ozark and Cororedo
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Natioral Forests (Rardolph 1997). Fort Carson, located near Colorado Springs, CO, has used EMC
on adirt road corsisting of expansive clay soils and was used by heavy equipment. The soil had an
AASHTO classfication of A-7-6, and after two years of ingpection, the treated road contirnuesto
withstand the heawy vehicle traffic without damage to the road surface. Fort Ord, CA hasused EMC
on haul roads to reduce the environmerta pollution of airborne particles. The Ozark Nationa Forest in
Arkansas successfully used EMC on several road projects. After seven years of use, the USDA-
Forest Service reported the stabilized surface experienced minimal wear or no maintenarce except on
portions with extreme grades. The Coronado National Forest in Arizora also used EMC on unpaved
roads reporting excellert product performance after one year of service (Rardolph, 1997).

Several ionic additive products are available; however, no spedfic studies, which evaluated
their performance, existed duringthe literature review period of this study. At the time of review, the
Texas DOT, the U.S. Department of Defense, ard the USDA Forest Service have experienced
positive results usng RoadBond EN1 (C.S.S. Technology, Inc.). Arother ionic product, CBR Plus,
hasbeen dfectively used in South Africa, and most recently by governments and local authorities from
the Far East to South and North America, Africa, Australia, the Middle East, and Europe (Robertson
Techologies, Corp.). Base Oneg an ionic additive, hes been used in Minnesota, South Dakota, and
North Dakota. Users of this product have experienced various level of effectiveness.

Chapter 2 of this study stated thet approximately 18 percert or 16 of the 90 product
responderts used clay additives. Ninety-four percent of the responderts reported an overall product
effectiveness of ether “Good” or “Fair,” while 67 percent of the respondents stated clay additives were

cost effedtive from a maintenance perspective.
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BITUMINOUS BINDERS
Properties/Qualities __

Bituminous meterials are conposed of various mxtures of hydrocarbors thet occur naturally or
are obtained asresiduesafter heat-refining natural subgances. Two well known typesof bituminous
meterials are tar and petroleum Tar is manufactured by the destructive distillation of orgaric meterial
(i.e., wood, codl, etc.). Dueto some ursuitable physical characteristics and health hazards, tar use in
the United States is limited in road corstruction. Petroleumcan occur naturaly in the veins of certain
rock formations that are located throughout the world, but they primerily are produced by the
distillation of crude oil (Roberts et d., 1991). Derivativesof peroleumsuch asresin, agphalt, and oil
are commonly used for road corstruction.

Bitumirous dust controlling and soil dabilization products consist primarily of petroleumresins
or modified asphalt emulsiors that are combined with other chemicals or ingredients to form proprietary
products. These products may include catalysts, dispersing agerts, and/or peretration accelerators,
which asgst in the aggomeration of soil particles. The asphalt emulsion products can be classified as
anionic (negatively charged), cationic (positively charged), and nonionic (neutral). The chenmical charge
affects what type of soil will work withthe product. After application, bituminous binders coat soil
particles decreasngtheir ability to become airborre; crede a waer resistart suface; and exhibit

cementitious properties, which aid increatinga dense road surface.

Effective Soil Types
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These products areeffective ona wide variety of il types ranging from well-graded to soil
with & least 30 percert clay fines. Ore source recommends that the soil shoud not cortain nore than
25 percert of sample passinga No. 200 sieve, and it should have a plasticity index (PI) of less than 10
(Garber and Hoel, 1997). Cationc emulsions work effedively with il typestha have regatively
charged particles, such as sliceous meteria (clay); whereas, anionic emulsions are nore effective with
positively charged soil particles, such as limestone (Garber and Hoel, 1997). Dependingon the
product used and the recommended level of service, bituminous binders may be applied using ether the

topical or mixed-in-place methods.

Special Considerations

Some precattions nmust be taken when using bituminous products. Certain products may be
mildly akaline, dightly toxic, and flammable; therefore, safety equipment shoud be used when handiing
bitumrous products. 1f these types of products are accidentally sprayed on vegetation or buldings,
immediately spray them off with water. Buldings also may reed to be wiped with rags cortaining

petroleumsolverts to effectively clean the products fromthe structures.

Past Studies /Reports

Past experiences dso indicate that biturrinous binders have shown positive results. Studies

>The termpl asticity index is used o classify soil under the AASHTO Classification Systemand
reflects the amount of clay ninerd present in the soil. A higher Pl value represerts a soil with nore clay
minerals
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have determined thet products, such as Pemzsuppress D, Coherex, CSS-1, and Petro Tac, have

controlled dust throughout the United States. Pemzsuppress D has been used by the
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Pennsylvana Department of Transportation for at least three years with good results (Better Roads,
1995).

A study performed by J.M. Hoover for the Arizora Department of Trangportation discussed
several typesof chemical additives that may be used on uinpaved roads. Cherrical additive experiences
throughout United States were collected to select potertial additives that could be used in the Phoenix,
AZ area. Thereport stated that several types of bitunirous binders provided positive resuts in dust
control/soil gabilization programs. One product thet provided effective resuts was a petroleumresin
named Coherex. Three ou of the four agencies that used Coherex had good overall results when using
the product (Hoover, 1987). Caherex was dfective intwo countiesin I owahaving soll types of A-2-4
and A-6(4) under the AASHTO soil classification system The third courty was located in Arizora and
usad the product on a soil type thet had 96 percert of the soil sanple passinga No. 4 sieve and 60
percent passinga No. 200 sieve (Hoover, 1987).

According to a 1989 study conducted by the Arizona Department of Environmertal Quality,
coherex (petroleumresin) was used by four Arizona agercies. All of the agencies reported that the
product exhibited good dust suppression. One agency stated it had a concern withthe cost, while
another agercy reported that the product lasted two years before potholes developed (Zaniewski,
1989). A third agency stated that Coherex was the most effective dust palliative, and reported the
product had a control efficiency near 90 percert (Harley, Hurts, and Cass, 1989).

Another bituminous binder, CSS-1 (asphalt emulsion), also has been usad in several areas.

The Arizora Departrment of Trarsportation study reported thet CSS- 1 showed good results
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inthree out of four countiesinlowa. The soils that had good reactions with the product inlowa were
A-2-6, A-6(2), and sandy clay soils (Hoower, 1987).

CSS-1 was successfuly used by the U.S. ArmyinDesert Shield/Desert Storme A report
conduwcted by the U.S. Anmy Corpsof Engneers Waterways Experiment Station, which will be
discussad inmore detail on page 60, compared 32 potential products to CSS-1. 1t was determined
tha the CSS-1 product was as effedive as, or greger, than any other product on the wheeled-vehicle
test section located in the desert regon, and also was reconmended for use on wheetvehicle traffic in
tropic and temperate climates (Grau, 1993).

A report conducted by Midwest Research Institute for the U.S. Environmental Protection
Agency evaluated Petro Tac (asphalt emulsion), Coherex (petroleumresin), ard water onurpaved
roads at two iron ard steel plantsnear Kansas City, MO. The report stated tha the control efficiency
of water was observed to decrease at arate of 10 percent per hour; therefore, it was determined not to
be an econonical method of dust cortrol. After 40 days and nearly 5,000 vehicles (average weight of
approximetely 75,000 Ibs.), the control efficiency of Coherex was 25 percent The Petro Tac had a
control efficiency of 59 percert after 120 days and nearly 50,000 vehicles (average weight of
approximately 60,000 Ibs.). This study calculated the product cog per pourd of PM,, (Particulate
Matte smeller than 10 um in aerodynanic diameter) of the three products, and determined that Petro
Tac was more cost efective than Coherex ard water by 10 ard 22 times, respedively (Muleski et al.,
1983).

There are afew factors to corsider when aralyzng resuts of this study. The vehicles that

drove onthewater and Coherex treated sections weighed significantly nore than the Petro Tac treated
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roadways. Ecoromies of scale also mede Petro Tac' s cost per unit area muchlower thanthe costs for
water and Coherex. These factors may have mede the results favor the Petro Tac product to a greater
extent (Muleski et a., 1983).

As previously discussed in Chapter 2 of this study, approximately 8 percent or 6 of the 90
product respordents used bitumirous binders. All the users reported anoverall product effectiveness

of “Good,” ard stated these produds were cost effedive from a maintenance perspective.
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ADHESIVES
Adhesives condst of several types of organic non-biturminous binders and various types of
polymer solutions. These products exhibit cementitious properties that bind soil particles together to

make a dense road suface.

Organic Non-Bituminous Binders
Properties /Qualities

Orgaric nonbituminous binders generally corsist of several industrial waste by-products.
Some of these additives include nolex, nolasses residues, tree resin, soybean oil (soapstock), ard
lignin derivatives. When applied, these products bind soil particles together to form a hard crust on the
road surface. The crust adheres the soil particles together, thereby reducing the amount of dust that is
released irto the air.

Molex is aby-product beet processng Similar to choride additives, nolex also displays
hygroscopic properties thet help maintain a noist road surface. The moisture agglomerates soil
particles together, which become too heavy to get airborne by traffic. Anarticle stated that molex is
considered to be less corrosive than chioride products (The Bridge, 1992).

Molasses Residues are by-productsproduced in the sugar industry. These residuescan be
used in unpaved road sygens since they bird soil particles together. M olasses residues are water
soluble; therefore, corstructinga proper crownwill reduce the leaching effects caused by heawy rains.
Positive dust controlling results have been encountered when daked lime and charcod are added to

molasses (Cornrpendium12: Surface Treatrment, 1980).
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Soybean Oil Soapstock is a by-product of the caustic refining process of soybean oil.
Soapstock binds soil particles together, and can be used on grave roads with various soil typesand
traffic conditions; however, awel-graded soi may have the bed resuts (EDC Irc.).

After application, sogpstock generdly takes four-to- six hours for adequate penetration to
occur. Therefore, sigrns shoud be posted to slow traffic down to minimize the product from being
trarsferred to the vehicles. Soapstock has had few problems with corrosive effects over short periods
of ime; however, if oapstock is transferred to vehicles, industrial strengthsoap and a pressure sprayer
shoud be used for best resuts (EDC, Irnc.).

Overall, soapstock has been provento be environnentally safe and biodegradable. Testshave
shown thet soapstock does rot pose any threat to workers or the environment. Under current
Depatment of Labor desgnations, soapstock does not contain any hazardous materids. The
Minnesota Departrent of Transportation’s (MN/DOT) environmental unit has tested samples from test
sections and fourd thet no water quality problems existed (EDC, Irc.).

Tree Resins primarily corsist of natural resinous meterials of various typesof trees (i.e., pine
and ruce). Tree redn products generally corsist of tree sgo and tal oil. Treesap is obtained by
tappinginto trees by making lateral incisions in the bark, while tall oil is manufactured from the pulping
process of thelunmber industry. These produds may cortain proprietary blends of minerds and other
additives, sufactants, and water. The resulting mixtures or enulsions exhibit excellent cementitious ard
watemproofing properties (M aichand Maco, 1990). Tree resins work on a variety of sol typesrangng
fromloose sard to wel-graded sois.

Treeresins nmay be goplied usngeither the topical or mixed-in-place method.
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Some special corsiderations nmust be noted whenusingtree resins. Inconcentrated quartities,
some tree redn products may exhibit corrosive characteristics. This characteristic is greatly reduced
whenthe products are diluted with water. Since some of these products are acidic, workers shoud use
protective equiprent sich as gogdes rubber goves and boots, and respirators when handlirg these
products. Product leachirg into grourd water supplies is minimal because the binding properties of the
product keep it near the surface of the road.

Lignin Derivatives are by-productsof the pape industry thet consist of calcium ammonium
and sodium lignosulforetes. Lignin can be described as the netural cemert that binds wood fibers
together in trees (Braurs, 1952). Therefore, lignn will form a cementitious bond with <oil particles
when added to aroad surface. The sulfite process commonly is used to extract the lignin from the
pulping liquor. This process modifies the lignnino awater soluble solution called lignosulforete. 1t
normally corsists of a solution having 50 percert water and 50 percert solids (Langon ard Williamson,
1983). Not only doeslignosulforete have cementitious properties, but it also acts asa clay dispersart.
The dispersion process alows the soil particles to compact closer togther, and it increases the plasticity
property of day at lower moisture conterts reaultingin a nore conpact, hard suface (Woods, 1960).
For this reason, lignosulforete should be used on oils thet cortain around 15 percert clay. Depending
on the level of service, lignin products may be goplied usngeither the topical or mix-in-place method.

Althoughlignin derivatives have been used effectively throughout the country, these products
exhibit some regative aspects. These products have been knownto display corrosive effects to
alumnumand its alloys,; however, some products cortain additivesthat neutralized the corrosive reture.

These produds also are water soluble and biodegradable. As aresut, the
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bindirg action of thelignin products coud be severely reduced or even destroyed by heawy rains ard
additional treatnments would be needed to mairtain its effectiveness.

Lignin derivatives are classified as non-hazardous accordingto the Occupational Safety and
Health Administration (OSHA). If large spills occur, workers should contain the material with dikes
and purp the meterial into salvage containers. These products may causeeye and skin irritation;

therefore, safety equipment such asgoggles and impervious goves shoud be used during application.

Past Studies /Re ports

Organic non bituminous binders have been used world wide; however, most of the reports
conducted about these additives discusstree resins ard lignn derivatives. A 1992 study, which was
conducted by the Forest Engneering Research Institute of Canada, evaluated a tall oil pitch (top)
emuision, which is a type of tree resin (Bemett and Gleeson, 1994). A 5.1 kmtreated section ard a
5.0 kmurtreated section rear Prince George, British Coluntbia, were monitored ard compared. A
present worth of afive-year period was used to andyzethetreated and untrested road sections. The
analysis accourted for initial application and mantenarnce costs, regular grading patching watering and
regravelingcosts. The analysis concluded thet the treated section hed a presert worth thet was
approximetely 21 percert less then the untreated section. The local residentswere extrenely satisfied
with the resuts.

Sinilar to chloride additives, lignin sufonates also have been used by the USDA - Forest
Service. In 1988, the Gifford Pinchot National Forest, located in southwest Washington, evaluated

fou dust cortrolling products with a control section. The sudy corcluded that lignn suforete woud
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be a better choice for the Gifford Pinchot National Forest. Several other projects, which have been
conducted in the Pacific Northwest, determined that lignin sufonate is one of the nost effective dust
suppressarts for unpaved roads having between 8-20 percert passingthe 75 pm sieve (Bolander,
1997).

An extensve research study was conducted by the U.S. Arny Corps of Engineers Waterway's
Experiment Station. This evaluation was divided irto two separate studies. The first study evaluated
dust controlling products in desert climates, while the
second study evaluated products in tropic and tenperate climates. Both studies evaluated potential
products that could be used for dust control by comparingther performance to CSS-1 which had been
using during Desert Shield/Desert Storm with positive results. Potertial products were eliminated if
thar produd cost was more than the CSS-1 product. Their performance had to be equal to or better
than the CSS-1 product. The products applied in the desert regons were gvenlaboratory tests ard
field tests, whie the products inthe tropic and temperate regions only were evauated using laboratory
tests. The soil used on the desert field tests was classified as poorly graded sand or SP according to
theUnified Clasdfication System This study evaluated 32 productsin between the two regons, ard
the products were tested by three military vehicles: UH-1 Huey helicopters, M927 trucks (6X6 5 ton),
and M2 Bradley tanks; however, we primarily are concemed with the results of the wheeled-vehicle
(M927 truck). The resuts of theinvestigation showed L igrosulforete Road Binder (calcium
lignosulforete) and Road Oyl (pine sap eulsion) as two of the four products thet withstood wheeled-
vehcle traffic on unpaved roads in desert climates (note: the other two products are classified as

polymer additives). The study also stated that these two products should effectively work on road
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surfaces in tropic and tenperate climates (Gray, 1993).

Sanders €. al. also evaluated effectiveress of ligrinsuforete. The road section thet was applied
with lignirsulfonate had a 61 percent reduction in aggregate loss compared to the control section. This
reduction was greater than the values for calcium chloride and megresium chloride, which were 43 and
60 percent, respectively (Sanders et. al., 1997).

Chapter 2 of this study determined that 5.5 percent or 5 of the 90 product responderts used
orgaric non-bituminows. Eighty percent of the organic non-bituminous users reported anoveral
effectiveress of ether “Good” or “Fair,” while 60 percert of themstated the products were cost

effective from a maintenarce perspective.

Polymeric Additives

Properties/Qualities

Polymeric additives primarily corsist of acrylic or acetate polymers and digpersing agerts thet
are specifically produced for dust control/soil stabilization or are by-products fromthe adhesive or paint
industries. After application, these products penetrate the soil via dispersing agerts, while polymers
cause achemical bond to occur betweenthe soil particles. The polymer nolecules are chemically
atracted to each other, forming large chairs or grid like structures. This process continues until the
chemical reaction is interfered with, or no other nonomers are available. The bond creates a

cementitious effedt, which achieves a derse and water-resistart road surface.

Effective Soil Types
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Polymeric additives may work ina variety of soil types. Depending on the specific polymeric
additive, manufacturers recommend which type of soil effectively performs with their product.
Examples of some recommendations are to use their products with various types of sils and with soils

having 10-30 percent clay.

Special Considerations

Polyneric additives pose some safety concerns for worke's during application procedures.
Whenexposed in utnventilated areas, the undiluted product can cause headache and nausea. These
products also may cause dlight eye and skinirritation, therefore goggles and rubber gloves are
recommended.

These products generally are classified by OSHA as non-hazardous; however, sonme
precations shoud be takenwhen wsingthem 1f a concentrated spill occurs, a dike should be
constructed to contain the solution. Aneffort should be made to keep the products out of sewers ard
bodies of water. The liqud should be transferred to contairers for recovery or disposal. Overall, these

products are mon-toxic to humars and fish, and non-corrosive to metals.

Past Studies /Re ports
Soil stabilization studies have evaluated the performanceof polynreric additivesfor many years.
The report corducted by J.M. Hoover for the Arizona Departient of Trangoortation stated thet

polyrreric additives appear to provide eff ective dust cortrol and soil stabilization in a variety of il

types (Hoover, 1987).



Another study, corducted inthe M ojave Desert region in Southern Califomia, evaluated severa
products for dust control onurpaved roadways. The study applied a pine tar resin, magnresumand
calcumchlorides, lignnsulforate, two petroleumresins, and Soil-Sement (polymeric additive). These
products were evaluated at intervals of 3, 6, and 12 morths The analysis showed tha Soil-Sement
was still 90 percent effective incontrolling dust after 12 months. The product with the next highest
percert of effectiveress was the pine tar resin, which was at 30 percert effedive (Midwest Irdustrial
Supply, Inc.).

A study performed from July 1995 to August 1996 by the Desert Research I nditute evaluated
fou dust suppressant products near Merced, CA. The study applied the products to 1/3 mile road
sections and the particulate metter loss over a 12- month period was conpared to anurtreated section.
Two of the products, SoilSemernt (polymeric additive) and Non-Hazardous Crude-Oil-Containing
Materials (bituminous binder), were effedive at controling dust emissions.  The study determined that
these two products had control efficiencies in excess of 80 percert over the 12-morth evaluation
period (Watson et d., 1996).

The U.S. Armry Corps of Engineers Waterways Experiment Station study also recommended
using some polymnreric additives A polynreric additive nramed Sand Gue showed positive resuits on
wheeled-traffic in desert regions, while Dirt Gue, arother polymer product, wasrecommended on
roadways intropic and temperate climates (Grau, 1993).

The Pacific Northwest also has used polymer emusors to some degree. Three types of these
products have been applied on unpaved roads in the regon. Several levels of successhave been

encountered, rarging from one nonth of effectiveness to roads that have rot had to be bladed for
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severd years (Bolander, 1997).
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APPENDIX C
COMPANY PRODUCT INFORMATION

(BASED ON 1997 DATA)
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Product Name Company
Chlorides
Dowflake (DC) Dow Chemical Co.

Flake CeCl, (DC/SS)

IPC 1185 (DC)
Liquid CaCl, (DC)
LiquidDow (DC/SS)
Road mast er (DC/SS)
Dust-off (DC)
Dus-Top (DC/SS)

Clay Additives

Baker Perbrmance Tech.

General Chemical, Corp.

DOW Chemical Co.

Scot twood Industries, Inc.
Cargill Salt, Inc.

Scot twood Industries, Inc.

Ionic Exchange Additives

Base One (SS)
CBR Plus (SS)
Clay Pack (SS)
Roadbond EN 1 (SS)

Enzyme

EMC Squared (DC/SS)
Paczyme (SS)
Perma-Zyme 11X (SS)

Bituminous Binders

Coherex (DC)
Consolid 444 (DC/SS)
Conservex (DC/SS)
Enviro-ADL-200 (DC)
Pennzsuppress D (DC)
Petro Tac (DC)

Team Laboratory Chem., Corp.
Robertson Technologies, Corp.

Soi | Bond Internatio nal
Parklyn Marketing Co.

Soil Stabilization Products Co.

Rainstorm Enterprises, Ltd.
Idaho Enzymes, Inc.

Witco, Corp.

Ameri can Consol id, Inc.
Ameri can Consol id, Inc.
Pacific Chemi cals, Inc.
Pennzoil Product Co.
Syntech Products, Corp.

The Best Soil to Use With Product

Wel |-graded road surface

General Chemical, Corp.

Wel |-graded road surface

Well-graded aushed aggregate, 3-12% of soil passing #200 sieve
Wel |-graded road surface

Well-graded road surface, 10-25% of soil passing #200 sieve

Wel |-graded road surface, 6-15% cl ay

Well-graded road surface, 10-25% of soil passing #200 sieve

Well-graded oad surface, 10-20% of soil passing #200 sieve

A-4 (AASHT O Cl assification) soils and hi gher
Surface should mntain at least 20% clay
Wel | graded with a Pl of 8-20, or contain at least 10% cl ay

Surfaces mntaining small amounts of day to heavy days

Surface should have a Pl at least 8, and 15% of soil should pass #200 sieve
Surface should mntain 18-30% cohesive fines passing #200 sieve

Various types ofsoil (sand, silt, and clay)
Surface should contain at least 30% cl ay
Surface should contain at least 30% cl ay
Various types of soil
Well-graded road surface (SS), Various soil types OC)
Dirty mix of gravel, and limestone
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Product Name

Adhesives

Company

Organic Non-Bituminous Binder

Dustac (DC/SS)

Dustbloc 315 (DC/SS)
Dustrol EX Emulsion (DC)
Enduralsed 100 (DC)
Endurased 200 (DC/SS)
Pine Sap Emulsion (DC/SS)
Road Oyl (DC/SS)
Soapstock (DC)

Polymeric Additives

Georgi aPacific, Inc.
Baker Perbrmance Tech.

BC Chemicals, Ltd.

Cascadia Tech., Ltd.

Cascadia Tech., Ltd.

Cousins, Corp.

Soil Stabilization Products Co.
EDC, Inc.

EMS (DC/SS)
Marloc (SS)
Polymer/Enzyme (SS)
Soil-Sement (DC/SS)

Soil Stabilization Products Co.
ReclamareCo.
Durasoils Inc.
Midwest Industria Supply, Inc.

The Best Soil to Use With Product

Surface needs ap proxi matel y 15% clay

Surface needs ap proxi matel y 15% clay
Wel |-graded road surface

Various types of soil
Various types of soil
Surface should have some compressible fines or |cose aggregate
Various types of soil
Wel |-graded road surface

Surfaces mntaining small amounts of day to heavy days
Wel |-graded road surface, and alow clay content
Surface should contain 10- 30% clay

Various soil types (sand, silt, and clay)
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Dowflake Calcium Chloride
General Description: Dowflake is a 77-80% pure calciumchloride flake.

Manufacturer: The Dow Chemical Compary ~ Distributor: ~ Van Waters & Rogers

Midland, Michigan48674 845 TerraceCT
Phore: 800-447-4ADOW St Paul, MN 55101
Phore: 612-774-9400
Cost: $380 per ton, including product and delivery
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Pounds of product $ per
volurre of product per square yard sguare yard
Well-graded soll No water added 15 .29

Methods of Application:

1. Scarifythetop 6 inches of road surface.

2. Windrow or pulverize the materia then blade and shape the surface to a type “A” crown.
3. Spread the product on the road surface.

4. Compact the road surface with etther a pneumatic or steel whed roller.

Special Comments:
1. The product shoud be applied when the road surface is moig, or sprinkle the surface

immediately after application. This will speed the dissolvingof the product and the bording
Process.
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Flake Calcium Chloride Calcium Chloride

General Description: The productis a 77% pure calciumchloride flake.

Manufacturer:  Gerera Chemical Corporation  Distributor: Van Waters & Rogers

90 East Halsey Road 845 TerraceCT
Parsippany, NJ 07054 St Pau, MN 55101
Phore: 800-631- 8050 Phore: 612-774-9400
Fax: 201-515-2468
Cost: $380 per ton, ircluding product and delivery
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Pounds of product $ per
volume of product per square yard square yard
Well-graded sol, .. I~
3:12% fines No water added 1.5-2.0 Inttial application .29-.38
Well-graded sol, 5-.75 Maintenance
3-12% fines No water added application 10-.14

Methods of Application:
1. Blade and shape the surfaceto a type“A” crown.
2. Applythe product witha pressurized spray bar.

Special Comments :
1. The product shoud be applied when the road surface is moig, or sprinkle the surface

immediately after application. This will speed the dissolvingof the product and the bording
Process.

73



IPC 1185 Calcium Chloride
General Description: 1PC 1185 is aliquid solution of calciumchloride.

Manufacturer:  Baker Performance Techrologes
318 Comnerce Drive
Exton, PA 19341
Phore: 610-594-5559
Fax: 610-594-6959

Cost: $1.15 per gallon of concertrate, including product and delivery
Applic ation:
SOIL TYPES DILUTION APPLICATION RATE COST
Well-graded soi Volume of water to leons of diluted $ per
volurre of product solution per square yard square yard
Very conmpact soil Intial app. = 1.1 25 14
Precedingapp. = 4.1 25 .06
L oose il Initial app. = 1:1 5-.75 .29-.43
Precedingapp. = 4.1 5-.75 12-17

Methods of Application:

1. Blade theroad surface to eliminate potholes, washboards, etc., then crown.
2. Apply the mixture from pressurizd spray bar.

3. Compact the road surface with either a pneumatic or steel whedl roller.

4. Resdtrict traffic urtil road surface harders.

Special Comments :

1. The product shoud not be applied when ranfall is likely to occur within 24 hours. Rainfall
will create a slick surface.

2. The product may causeeye and skin irritation, therefore, safety equipment shoud be used
during the application process.
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Liquid Calcium Chloride Calcium Chloride

General Description: The product consists of a 35% liquid calciumchloride solution.

Manufacturer:  Gereral Chemical Corporation  Distributor:  Van Waters & Rogers

90 East Halsey Road 845 TerraceCT
Parsippany, NJ 07054 St Pau, MN 55101
Phore: 800-631- 8050 Phore: 612-774-9400

Fax: 201-515-2468

Cost: $.60-$.65 per gallon, including product, delivery, ard application
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallons of product $ per
volurme of product per square yard square yard
Weéll-graded soll, . 40 Initial application
3-12% fines Pre-mixed for dust control 2426
Pre-mixed .10 Maintenarce application 06-.07
for dust control
Well-graded soll, : : N
3129 fines Pre-mixed 1.0 For soil stabilization .60-.65

Methods of Application:

Dust Control

Blade and shape the surface to atype“A” crown.

Apply the product with a pressurized spray bar.

3. Apply asecond time later insummer for proper road maintenarce.
Soil Stabilization

1. Scarify theexisting surface.

2. Apply .75 ggl/sq. yd. of solution to the road surface.

A .
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3. Blade mix ard shape the surface to atype “A” crown
4. Compact the road surface with ether a pneumatic or steel whedl roller.
5. Apply .25 cgl/sg. yd. top dressingto the road surface.

Special Comments :

1. The product shoud not be applied when ranfall is likely to occur within 24 hours. Rainfall
will create a slick surface.

2. The product may causeeye and skin irritation, therefore, safety equipments should be used
duringthe application process.

LiquidDow Calcium Chloride

General Description: LigquidDow corsists of a 38% liquid calciumchloride solution.

Manufacturer: The Dow Chemical Compary ~ Distributor:  Van Waters & Rogers
Midland, Michigan48674 845 TerraceCT
Phore: 800-447-4DOW St Pad, MN 55101
Phore: 612-774-9400

Cost: $.60-$.65 per gallon, including product, delivery, ard application
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallons of product $ per
volurre of product per square yard square yard
Well-graded soi Pre-mixed .27 for Dust Cortrol 16-.18
Well-graded soi Pre-mixed .60 for Sail Stabilization .36-.39

Methods of Application:
Dust Control
1. Blade and shapethe surfaceto atype“A” crown.
Apply the product witha pressurized spray bar.
Apply a second time later insummer for proper road maintenarce.
Soil Stabilization
Scarify thetop six inches of road surface.
Apply .4 gal/sg. yd. of solution to the road surface.
Wirdrow or pulverize the materid then blade and shape the surface to a type “A” crown.
Compact the road surface with either a pneumatic or steel whedl roller.
Apply .2 gal/sg. yd. top dressingto the road surface.

w N
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Special Comments :

1. The product shoud not be applied when ranfall is likely to occur within 24 hours. Rainfall
will create a slick surface.

2. The product may causeeye and skin irritation, therefore, safety equipment shoud be used
during the appli cation process.

Roadmaster Calcium Chloride

General Description: Roadmester consists of a 32-38% liquid calciumchloride solution.

Manufacturer: Tetra Chemicals Distributor: Scotwood |ndustries, I nc.
P.O. Box 73087 PO Box 8089
Houwston, TX 77273 Shawnee Mission. KS 66208
Phore: 800-327-7817 Phore: 800-844- 2022

Fax: 713-298-7150

Cost: $.55-$.57 per gallon, including product, delivery, and application
Applic ation:
SOIL TYPES DILUTION APPLICATION RATE COST
Soil shoud contain ~~ Volume of water to Gallons of product $ per
10-25% fines volune of product per square yard square yard
Well-graded soil Pre-mixed .5 for Dust Cortrol .28-.29
Well-graded soil Pre-mixed 1.0 for Soil Stabilization .55-.57

Methods of Application:

Dust Control

Scarify the surface to ramove washboards, potholes, etc. thenshgpe to atype “A” crown
Pre-wet the surface before application.

Apply the product witha pressurized spray bar.

Compact the road surface with either a pneumatic or steel whedl roller.

Curinggererally takes 24 hours, therefore traffic should be limited or reduced gpeeds should

s wODdNE
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be used.

6. Spray the surface with water 2 or 3 days after gpplication to ensure penetration of the product.
Soil Stabilization

Scarify thetop 4-6 inches of road surface.

Apply .75 ggl/sg. yd. of solution to the road surface.

Windrow or pulverize the materia then blade and shape the surface to a type “A” crown.
Compact the road surface with either a pneumatic or steel whee! roller.

Apply .25 ggl/sg. yd. top dressingto the road surface.

Curingtakes gererally 24 hours.

Spray the surface with water 2 or 3 days after application to ensure penetration of the product.

NoaswWwDdDPRE

Special Comments :

1. The product shoud not be applied when ranfall is likely to occur within 24 hours. Rainfall
will create a slick surface.

2. The product may causeeye and skin irritation, therefore, safety equipment shoud be used.

Dust-off Magne sium Chloride

General Description: Dust-off is a solution corsisting of magresumchloride, anttcorrosive
additives, and water.

Manufacturer:  Cargil Salt Distributor: Fort Distributors, Ltd.

7229 Central Avenuwe RR #1
Newark, CA 94560 Selkirk, Mantoba Canada
Phore: 800-227-4455 R1A 2A6

Phore: 204-785-2180

Cost: $.75 per gallon, including product, delivery, ard application
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallon of product $ per
volurre of product per square yard square yard
Well-graded soll, : .50 Inttial

6-15% clay Pre-mixed application 38
Pre-mixed .25 Maintenarce 19

application

Methods of Application:
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1. Scarify the road surface to a depth of 3- 4 inches.

2. Apply the product witha pressurized spray bar.

3. Blade mix and shape the surface to a type “A” crown.

4. Compact the road surface with either a pneumatic or steel whedl roller.

Special Comments :

1. The product shoud not be applied when ranfall is likely to occu within 24 hours. Rainfall

will create a slick surface.

2. Theinttial application should take place in early spring while the preceding application
occursin tre late fall.

3. In about three years, the application rates can be reduced by as muchas 50%.

4. The product is 20- 50% less corrosive than ordiraery water.

5. The product may causeeye and skin irritation, therefore, safety equipment shoud be used

during the appli cation process.

Dus-Top Magne sium Chloride

General Description: Dus-Top is a concentrated magresiumchloride solution.

Manufacturer:  Tetra Chemicals Distributor: Scotwood I ndustries, Inc.
PO Box 73087 Box 8089
Houston, TX 77273 Shawnee Mission, KS 66208
Phore: 800-327- 7817 Phore: 800-844-2022
Cost: $.55-$.57 per gallon, including product, delivery, ard application
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Soil shoud contain Volume of water to Gallons of product $ per
10-25% fines volurre of product per square yard sguare yard
Well-graded soil Pre-mixed .5 for Dust Cortrol .28-.29
Well-graded soil Pre-mixed 1.0 for Soil Stabilization 55-.57

Methods of Application:
Dust Control
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1. Scarify theroad surface to remove washboards, potholes, etc. then shape the surface to a
type “A”’ crown

Pre-wet the surface before application.

Apply the product witha pressurized spray bar.

Compact the road surface with either a pneumatic or steel whedl roller.

Curinggererally takes 24 hours, therefore tratfic should be limited or use reduced speeds.
Spray the surface with water 2- 3 days after gpplication to ensure penetration of the product.
Soil Stabilization

Scarify theroad surface to a depth of 4-6 inch

Apply .75 cal/sg. yd. of solution to the road surface.

Wirdrow or pulverize the materid then blade and shape the surfaceto a type“A” crown.
Compact the road surface with either a pneumatic or steel whedl roller.

Apply .25 gal/sg. yd. top dressingto the road surface.

Curing takes gererally 24 hours.

Spray the surface with water 2 or 3 days after application to ensure penetration of the product.

o UTAWN
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Special Comments:

1. The product shoud not be applied when ranfall is likely to occur within 24 hours. Rainfall
will create a slick surface.

2. The product may causeeye and skin irritation, therefore, safety equipment shoud be used.

Base One Clay Additive

General Description: Base Oreis a proprietary blend of cherricals consisting of tri-silicants,
emudfiers, and extender carrier liquds.

Manufacturer: TeamLaboraory Chenical Corp.
PO Box 1351
Bismarck, ND 58502
Phore: 800-522- 8326

Cost: $9.95 per gallon, including only the cost of the product
Applic ation:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallons of diluted $ per
volurre of product solution per square yard square yard

Well graded soil with

10-20% fines 1000:22 71 15
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Methods of Application:

©CoONOA~WNPE

Scarify the road surface to a depth of 6-8 inches.

Apply the solutionto the meterid with a distributor.

Mix the material with a blade, then windrow to ore side of the road.

Blade the meterial back onthe road surface in2-inchlifts.

Compact each litt with a pneumatic roller.

Crown the top layer and compact with a steel whee roller.

If ased coat isinterded for the road, allow the road to cure for six weeks.
Apply RC-70 (emulsion) over the stabilized surface.

A sedl of MC800 with chipsis recommended but not necessary.

Special Comments :

1.
2.

3.
du

In cold climates, atop dressngmust be applied in the spring using 30 gallons of the product
per mile.

The road may be touched up by re-wetting the surface with the solution, blade, and
compact.

The product may causeeye and skin irritation, therefore, safety equipment shoud be used
ring the appli cation process.
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CBR Plus

Ionic Exchange Additive

General Description: CBR Plus is an anionic surface active agent, which cortains sulphoric

acid derivatives.
Manufacturer:  Con-Aid (Pty) Ltd. Distributor: Robertson Techrologies Corp.
23 Vieira Road, Anmoraosa Suite 902, Horrby Street
Roodepoort 1725, South Africa Vancouver, B.C. V6C 3B6
Phore: 604-684-8072
Fax: 604-681-4166
Cost: $100 per gallon, includingonly the cost of the product
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
A-4 and hHgher by Volume of water to Gallons of diluted $ per
AASHTO volurre of product solution per square yard sguare yard
A-4 500:1 1.70 34
A-7 500:1 3.40 .68

Methods of Application:
1. Scarify the road surface to a depth of 6 irnches.

Apply solution with a distributor. Add enoughto achieve OMC +/- 1%.

2.
3. Mix the soil and blade to final shape.
4.

Compact the suface at +/- 1% of OMC. Initial compaction canbe done
by vibratory, sheeps foot, or steel whed roller, then firish off with pneumatic roller.
5. Spray the surface with weter at daily irtervalsfor 5 days.

Special Comments:

1. If rainfall occurs after conmpaction, the road surface may become slippery and forma mud
crud. Allow the surface to dry and grade the deformed mud crust from the surface.

2. A soil sample must be tested by The RobertsonTech Corp. To determine the conpatiblity of

the product and the soil. 1f the product reacts with the soil in a positive manrer, then the

application rates ard dilution rates will be determined.

3. Ths product consists of a strong acid, therefore, safety equipment nust be used when

hardling the concentrated solution.
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Clay Pack Ionic Exchange Additive

General D escription: Clay Pack is a solution consisting of sufuric acid ard resins.

Manufacturer:  Soil Bond Internaional
P.O. Box 550691
Dalas, Texas 75355
Phore: 214-429- 1355

Cost: $54- $72 per gallon* including product and delivery
Application:
SOIL TYPES DILUTION APPLICATION RATE
Soils which cortain Volume of water to Gallons of diluted
at least 20% clay volurre of product solution per square yard
For normal use 300:1 2.35
For extra 1501 2.36
water proofing

* (1-3) 55 gallon drums costs $3,950, (80+) 55 gallon drums costs $2,950.

Methods of Application:

Scarify the road surface to a depth of 6 irnches.

Apply the solution with a distributor in multiple passes.
Mix the surface withdisc or grader and form.
Compact the surface witha vibratory or static roller.

Ok wWwNE

It is recommended to apply a chp seal over the road surface.

Special Comments :

COST

$ per
square yard

42 - .56

.84 -1.13

Apply 1-3 applications of plain water to keep the suface moist for the rext 24 hours.

1. This product consists of a strong acid, therefore, safety equipment must be used when

hardling the concentrated solution.
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Roadbond EN 1 Ionic Exchange Additive

General Description: Roadbord EN 1 is a solution corsisting of astrong oxidizer, solvert, ad

anaturd dispersant.
Manufacturer: C.S.S. Technology, Inc. Distributor: Parklyn Marketirg
P.O. Box 1355 3468 Assininboine Groove
Weatherford, Texas 76086 Winnpeg, Man. R3K OH6
Phore: 204-885-6627
Cost: $150 per gallon, including only the cost of the product
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallons of diluted $ per
volurre of product solution per square yard sguare yard
Soil with at leag )
10% clay 200:1 1.0 75
Soil with at leag _
10% clay 500:1 1.0 .30

Methods of Application:

Scarify the road surface to a depth of 6 irches.

Apply the solutionwith a distributor.

Mix the material with agrader or disc.

Windrow the mixed nreterial to either side of the road.
Blade the meterial break onto the road surface intwo in lifts.
Compact each lift will a steel whedl roller.

oSOk wpnE

Special Comments:

1. Dependingon the il characteristics, the dilution may range from 200:1-500: 1.

2. The product consists of a strong acid, therefore, safety equipment rrust be used when

hardling the concentrated solution.

3. The product does not work well in organic material and if the sard contert is greater than

40%.
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EMC SQUARED Enzyme Additive

General Description: EMC Squared corsists of a biocatalyst formulation.

Manufacturer:  Soil Stabiliztion Products
P.O. Box 2779
Merced, Cdlifomia 95344
Phore: 209-383- 3296
800-523-9992
Fax: 209-383-7849

Cost: $30" per galon, including only the cost of the product
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
: Volume of water to Gallon of product $ per
Varies :
volurre of product per cubic yard quare yard
Soilscorntaning smdl
amourtsof clayto Varies? .067 (1 gal/15 yd®) 343
heavy days

Based on purchasing a5-gallon pail.

Addtherequired anount ofwaer to bring thesoil to OMC.
Based on 64inch depth.

Methods of Application:

1. Scarify the road surface to a depth of 6-12 inches.

2. Apply the solution to the meterial with adidributor. Save 5% of the solution for a final

surface coat.

3. Mix the materid with agrader, disk, or rotary mxer.

4. If rainisforecasted overnight, compact the meteria that day. If no rain isforecasted, leave the

materia overndht before compaction. Before compaction occurs on the next day, bring the
material back up to OMC.

5. Compact the material with preurretic or steel whedl rollers.

6. Apply the remaining solution duringthe firel grading (crownirg) and compaction operations.
7. If acoarse surface will be applied, allow seven days to cure.
8. Ifit wil remain unsurfaced, alow traffic on the road surface.

Special Comments :
1. Itisrecommended that soil samples be analyzed to determine the performance of the product.
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2. Maintenarce occurs when the danmeged area is saturated with the solution, scarify the material
and mix with solution, grade the material, and firel compact.
3. The product may causeeye and skin irritation, therefore, safety equipment shoud be used.

Paczyme Enzyme Additive

General D escription: Paczyme is a concentrated erzyme solution.

Manufacturer: Mason Enzymes Pty. Ltd. Distributor: Rainstorm Enterprises Ltd.
198 Lord Street 21350 80™ Avenue
Perth, Western Australia, A ustralia Langley B.C.V2Y 2E2

Phore: 604-888-9540
Fax: 604-888-9398

Cost: $108 per gallon, including only the cost of the product
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gadllons of product $ per
volurre of product per cubic yard sguare yard

Pl of 8 or greaer
with 15%fines

! Add the required amount o water to bring the il to OMC.

Variest 051 (6.5 0z) 922

2 Based on 64nches of depth.

Methods of Application:

1. Scarify the road surface with agrader or pulverizer/mixer to the required depth.

2. Apply 6.5 oz of Paczyme plus adequate wate to achieve OMC for each cubic yard of
material usinga distributor.

3. Mix the materia with agrader or pulverizr.

4. Windrow the material. The windrows canbe left over night to maximize absorption.
The following morning add adequate wéer to achieve 1-2% below OMC.

5. Blade out the meterid over surface in one or two lifts, and compact each lift.

6. Compact the materid with a sheeps foot, steel drum, or pneunetic roller.

7. If desired, the road surface can now be sealed.

Special Comments :
1. The product may causeeye and skin irritation, therefore, safety equipment shoud be used
during the application process.
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Perma-Zyme 11X Enzyme Additive
General Description: Perma-Zyme 11X is a concentrated nrulti-enzyme solution.

Manufacturer:  Interrational Enzymes, Inc. Distributor: 1daho Enzynes, Inc.
1706 Industrial Road 1010 West Main
Las Vegas Nevada 89102 Jerome, |daho 83338
Phore: 702-388-0145 Phore: 208-324- 3642

Fax: 702-388-1319

Cost: $200 per gallon, includingonly the cost of the product
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallons of diluted $ per
volurre of product solution per square yard sguare yard
Surface with 18- 1000:1* for 10 20
30% cohesive fines dry meterial ' '

* Add 1 gallon ofprodud to the necessay amount of water to bring to 165 abic yards of soil to OMC. A dilution of 1000:1 is

generally a goad start.

Methods of Application:

1. Scarify the road surface to a depth of 6 irnches.

Apply sonme of the solution over the surface and start blade mixing

Cortinue adding the solution until the soil is at or near OMC.

If the soil getstoo wet, bladeto assist indrying If the soil istoo dry, add more water.

After the 0il is mixed, leavethe meterial in a windrow overnight to develop total absorption.
Before you blade out the windrow, always lay the material on a danp floor. Apply a solution
diluted to 10,000:1 to the road base.

Lay the meteria in2-3 inchlifts, and crown the firdl lift.

Compact the surface immediately. Use either a sted wheel or pneumatic roller.

Road closure may be recessary for 2-3 days if heavy, high speed trafic will be usngthe road.
However, nomdl traffic will not hermthe surface.

10. A weaing surface may be goplied in 3-5 days after application.
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Special Comments :
1. The product may causeeye and skin irritation, therefore, safety equipment shoud be used
during the application process.
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Coherex Bituminous Binder

General Description: Coherex is produced by retural petroleumresins which corsists of
semiliquid petroleumresins(60%) and wetting solutions(40%).

Manufacturer:  Witco Corporation
P.O. Box 456
Chardler, AZ 85244-0161
Phore: 602-963- 2267
Fax: 602-963-2270

Cost: $1.50 per gdlon,* ircluding product and delivery
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallons of diluted $ per
volurre of product solution per square yard square yard
Various soll types 41 50-.75 15-.23

* Based on a6,000 gallon shipment. Enough to support éout 2.8 miles.

Methods of Application:

1. Scarify the road surface to a depth of .5 to 1.0 inches.
2. Blade and shepe the surfaceto a type“A” crown.

3. Apply Hf of the product witha pressure sprayer.

4. Apply the second half of the product one week later.
5. Road closure is not needed.

Special Comments :

1. The product shoud be applied in the fall. Depending on the surface condition, only ore pass
may be needed and/or the application rate may decrease.

2. Theroad suface may be graded with added water after the product is applied.

3. Product is dightly toxic and acidic, therefore, safety equipment should be used during

application.

4. Immediately wash off any product thet is sprayed on vegetation.
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Consolid 444 Bituminous Binder

General Description: Consolid 444 is a semi-viscose liquid of petroleum ditillates with
catalysts and peretration accelerators. It is used to aggomerate the fine

soil particles.
Manufacturer:  Anerican Corsolid Inc. Manufacturer: Consolid Canada, Irnc.
502 E. 32nd Street #1, 1715 27" Ave. NE
Davenport, lowa 52803 Calgay, Alberta T2E 7E1
Phore: 319-323- 4464 Phore: 403-250- 6688
Cost: $65 per galon including product and delivery
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallons of diluted $ per
thevolune of product solution per square yard square yard
Soil with at leag 14 .00625 per irch 81+
30% clay/silt fines ' depth of loose soil '

* Based on 10,000 square yards at a 8-inch compacted depth (10 inches loose).

Methods of Application:

1. Scarifytheroad surface normlly to a depth of 10 irches. The depthof scarifying shoud be
to the approximate depthof expected loosened soil stabilization.

2. Apply the solutionwith a distributor.

3. Mix the soil thoroughly with either a disc harrow or soil mixer.

Special Comments :

1. Itisthefirst of two products that meke up the Corsolid Blend.

2. Non-cohesive soils, orgaric soils, and sone heawy clays do rot react well with the
product.

3. A soil sampleis tested by American Corsolid Inc., and they advise the enployer on
application rates, pricing and thickness needed.

4. The product is mildly akaline ard flammable, therefore, safety equipment shoud be used

during the application process.
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Conservex Bituminous Binder

General Description: Conservexis a solution of petroleumdistillates with catalysts and
penetration accelerators. It protects the stabilized soil fromwater.

Manufacturer: Anerican Corsolid Inc. Manufacturer: Consolid Canada, Inc.
502 E. 32nd Street #1, 1715 27" Ave. NE
Davenport, |owa 52803 Calgary, Alberta T2E 7E1
Phore: 319-323- 4464 Phore: 403-250- 6688
Cost: $65 per gallon including product and delivery
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of MC-30 to Gallons of diluted $ per
volurre of product solution per square yard sguare yard
Soil with at leas 119 .025 per inch 81+
30% clay/silt fines ' depth of loose soil '

* Based on 10,000 square yards at a 8-inch compacted depth (10 inches loose).

Methods of Application:

Continuing from the Consolid 444:
4. Apply the solutionwith a distributor.
5. Mix the soil thoroughly with etther a disc harrow or soil mixer.
6. Compact the soil with sheeps foot ard rubber whedl rollers.
7. A suface course canbe applied after sorre time haspassed.

Special Comments:
1. Itisthe secord of two products that meke up the Corsolid Blend.
2. Non-cohesive soils, organc soils, and sorre heawy clays do ot react well with the
product.
3. A soil sample will be tested by American Corsolid Inc., and they will advise the employer on
the application rates, pricing thickness needed.
4. The product is mildly akaline ard flammable, therefore, safety equipment shoud be used
during the appli cation process.
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Enviro-ADL-200 Bituminous Binder

General Description: Enviro-ADL-200 isaliqud corsisting of asphelt and biturminous

materials, an enulsifier, and a wrfactart.

Manufacturer: Pacific Chemicals Inc.
286 Chancdllor Drive
Kamoops, BC V2E K7
Phore: 250-828-0218
Fax: 250-828-6835

Cost: $2 per callon, including product, delivery, ard application
Application:
SOIL TYPES DILUTION APPLICATION RATE
Volume of water to Gallons of diluted
volurme of product soluionper square yard
Various types 21 35-50
of soil

Methods of Application:

1. Blade and shape the surfaceto a type “A” crown.
2. Apply the solutionwith a distributor.

3. Road closure will be needed for afew hours.

Special Comments :
1. The product nornelly lasts 5-6 months.

COST

$ per
square yard

.23-.33

2. The product may causeeye and skin irritation, therefore, safety equipment shoud be used

during the application process.
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Pennzsuppress D Bituminous Binder

General Description: Pennzsuppress D is a water emulsified petroleumresin which cortains
binding agerts, wetting agerts and emusffiers.

Manufacturer:  Penreoil Products Compary
607 Robert Lane
GreenBay, WI 54311-7543
Phore: 800-843-8910
Fax: 414-468-2052

Cost: $3.25-$3.50 per gallon, including product and delivery
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallons of diluted $ per
volurme of product solutionper square yard square yard
Well-graded sois 4:1 .50 .33-.35

Methods of Application:

1. Blade and shape the surfaceto a type “A” crown.

2. Apply the product intwo passes witha pressure sprayer.

3. Road closureis gererally not needed, however, material may pick up ontires and shoes for a
few hours.

Special Comments :

1. Thedilution ratio and the frequency of treatiments will vary deperding upon soil conditions,
porosity, articipated traffic, etc.

2. The product is considered to be non-hazardous.
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Petro Tac Bituminous Binder

General Description: Petro Tac is anemulsion corsisting of sami-liquid petroleumresins,
dispersingagerts, and sequesteringagerts. Itis a cationic solution.

Manufacturer:  Syrtech Products Corporaion
520 E. Woodruff
Toledo, Ohio 43624
Phore: 800-537- 0288
419-241-1215
Fax: 419-241-6943

Cost: $1 per gallon, ircluding product and delivery
Application:
SOIL TYPES DILUTION APPLICATION RATE
Volume of water to Gallons of diluted
volurre of product solution per square yard
Dirty mix of gravel 51 10

Methods of Application:
1. Blade and shape the surfaceto a type “A” crown.
2. Apply the product with pressure sprayer.

COST

$ per
square yard

A7

3. Close the road for eight hours if possible, or reduce the speed limits to cortrol the amourt of

pick up on tires.

Special Comments:

1. Do not apply the product to wet surfeces, since penetration canbe affected.

2. The product may causeeye and skin irritation, therefore, safety equipment shoud be used

during the appli cation process.
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Dustac Organic Binder
General Description: Dustac is a calciumlignosulforate product developed from lignin.

Manufacturer:  Georga-Pacific
300 West Laurel Street
P.O. Box 1236 (98227)
Bellingham Washingon 98225
Phore: 360-733-4410
Fax: 360-676-7206

Cost: $.40 per galon* including product and delivery
Applic ation:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallons of diluted $ per
volure of product solution per square yard square yard
Soil with 15% clay 11 .50 for Dust Cortrol 10
Soil with 15% clay 11 1.0 for Soil Stabilization .20

* Cost was cdculatel to be raled to Beulah, ND (18,000 gdlons). It woud cost abaut
two times as much if trucked from Park falls, W I.

Methods of Application:
Dust control
1. Scaify theroad surface to adepth of .5to 1.0 inches, and gradeto an“A” type crown.
2. Ifthe surface is dry, spray water on it until it is saturated.
3. Apply the product with etther a gravity flow or pressure sprayer.
Soil Stabilization
1. Scarify the road surface to a depth of 6 irches.
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If the surface is dry, spray water on it until it is saturated.

Blade the top 3 inches of loose meterial into two windrows on both sides of the road.
Apply 1.0 ga/yc? of solution with either a gravity flow or pressure sprayer.

Blade mix the scarified soil and solution, then spread out the meterial over the road surface.
Compect the material with a pneuretic roller. Do not use a sheeps foot compactor.

Blade the windrowed material to the center of the road and spread uniformly.

Apply 1.0 ga/yc? of solution with either a gravity flow or pressure distributor.

Blade-mix, crown, and compad the road immediately.

©CooNOOA~WDN

Special Comments :
1. The product does not have good results in sandy soils (too porous).
2. Allow the solution to peretrate the suface before permitting traffic on the road.
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Dustbloc 315 Organic Binder
General Description: Dustbloc 315 is consists lignin liquor corcentrate.

Manufacturer:  Baker Performance Techrologes
318 Comnerce Drive
Exton, PA 19341
Phore: 610-594-5559
Fax: 610-594-6959

Cost: $1.15 per gdlon, ircluding product and delivery
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Soil containing Volume of water to Gallons of diluted $ per
15% clay thevolune of product solution per square yard square yard
Very compact soll 451 25 .05
L oose il 451 50-.75 10-.16

Methods of Application:

Dust Control

Blade and shape the surfaceto a type“A” crown.

Apply the product witha pressurized spray bar.

Soil Stabilization

Scarify thetop 3 inches of road surface.

Blade meterial into two windrows on each side of the road.

Apply 1/3 to 1/2 of mixture to the road surface between the windrows

. Blade most of thewindrowed meaterial back on the road surface, then blade mix the meterial
and spread across the roadway.

5. Apply amother 1/3 of solution orto the newy graded meterial.

6. Blade the remaining windrowed material back on the road surface, and mix with grader or
pulverizer.

7. Crown the road surface.

8. Applytherest of the solution as atop coat.

9. Compact the surface preferably witha pneunetic roller.

.

A owbdpE

Special Comments:
1. The product may causeeye and skin irritation, therefore, safety equipment shoud be used
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during the appli cation process.

Dustrol EX Organic Binder

General Description: Dustrol EX is made from retural resinous meterials of pine ad spruce
trees, which consists of wood extractives (50%) and water(50%).

Manufacturer: B.C. Chemicals Ltd. Distributor: Pacific Chemical Inc.
P.O. Box 6000 286 Chancellor Drive
2711 Pulp Mill Road Kamloops, BC
Prince George, B.B. V2N 2K3 Carmada V2E-2K7
Phore: 604-563-0607 Phore: 250-828-0218
Fax: 604-562-5423 Fax: 250-828-6835
Cost: $.50 per gallon, including product, delivery, and application
Applic ation:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallons of product $ per
volurre of product per square yard square yard
Well-graded soil Pre-mixed .50 25

Methods of Application:

1. Blade and shape theroad surfaceto a type“A” crown.
2. Spray the product everly ontheroad surface.

3. Curinggererallytakes 12 hous.

Special Comments :

1. Immediately after application some of the emugon-coated aggregate will stick to the tires
of vehicles, therefore road closure is recommended.

2. The product normally lasts 5-6 months.
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Enduraseal 100 Organic Binder

General Description: Enduraseal 100 is awater-based emulsion corsisting of Tall Oil Pitch
(tree resin), water, ard a proprietary blend of additives. It is a cationic

solution.
Manufacturer:  Cascadia | nterrational Inc. Distributor: T Ba S. Enterprises
602 - 626 W est Pender Street 4700 Hwy. 93S.
Vancouver, B.C. Canada Missoua, MT 59801
V6B 1V9 Phore: 406-251-5995

Phore: 800-665- 2994
Fax: 604-689-8020

Cost: $1.75 per galon, ircluding product and delivery
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallons of diluted $ per
volurre of product solution per square yard square yard
Varioustypes 13-4 68* 24-.30
of il

* Quantity fr 3 inches of loose soil.

Methods of Application:

Scarify the road surface to a depth of 2-6 inches.
Apply the solutionto the surface usirg a distribuor.
Blade mix or till the meterial.

Windrow the materia, lay back downinZ2-inchlifts.
Compact each litt with a steel whee! or pneurretic roller.
Road closure is recommerded for 1 hour.

oSOk wbdE

Special Comments:

1. Maintenarce applications corsisting of a topcoat canbe applied at intervals of 3 to 12 nontrs.
2. Theinitial and maeintenance application rates may vary with il conditions and experience.

3. Enduraseal 100 is used more for dust cortrol while Enduraseal 200 is used primarily for soil
stabilization.
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Enduraseal 200 Organic Binder

General Description: Enduraseal 200 is awater-based emulsion corsisting of Tall Oil Pitch
(treeresin), water, and a proprietary blend of minerals and other
additives It is a cationic solution.

Manufacturer:  Cascadia | nterrational Inc. Distributor: T Ba S. Enterprises
602 - 626 W est Pender Street 4700 Hwy. 93S.
Vancouver, B.C. Canada Missoua, MT 59801
V6B 1V9 Phore: 406-251-5995

Phore: 800-665- 2994
Fax: 604-689-8020

Cost: $1.75 per galon, ircluding product and delivery
Applic ation:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallons of diluted $ per
volurre of product solution per square yard square yard
Varioustypes 13-4 68 24-30
of il

* Quantity fr 3 inches of loose soil.

Methods of Application:

1. Scarify the road surface to a depth of 2-6 inches.

2. Apply the solutionto the surface usirg a distribuor.

3. Blade mix or till the meterial.

4. Wirdrow the material, lay back downin2-inchlifts.

5. Compact each litt with a steel whedl or pneunetic roller.
6. Road closureisrecommerded for 1 hour.

Special Comments :

1. Mairtenarce applications corsisting of atopcoat canbe applied at intervals of 3 to 12 months.
2. Theinitial and meintenance application rates may vary with oil conditions and experience.

3. Erduraseal 100 is used more for dust cortrol while Erduraseal 200 is used primerily for soil
stabilization.
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Pine Sap Emulsion Organic Binder

General D escription: Pine Sap Emulsion is an organic emulsion which is produced from
pire sap, surfactants, and water.

Manufacturer:  Cousins Dust Control
1801 E. Matznger Road
Toledo, Ohio 43612
Phore: 800-433-6754
Fax: 419-729-8506

Cost: $1.25-$1.50 per gallon, including only the cost of the product
Application:
APPLICATION
SOIL TYPES DILUTION RATE COST
ol V.Vlth Volume of water to Gallons of diluted $ per
compr efines volume of product solution uare yard uare yard
or loose aggregate P per squarey < y
Loose sad 41 Proprietary N/A
Limesone 25-30:1 Proprietary N/A

Methods of Application:
1. Methods of application are proprietary, but generally the product is mixed into the surface
whie gvirg special corsideration to the depth and soil characterigics.
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Special Comments :

1. Theinttial applicationeach year may be reduced on following years due to the products
residual effects. Maintenarce applications may be reeded throughout the season

Road Oyl Organic Binder

General Description: Road Oyl is a non-ionic emulsion corsisting of selected fractions of
natural tree resins.

Manufacturer:  Soil Stabilization Products
P.O. Box 2779
Merced, Califomia 95344
Phore; 209-383- 3296
800-523-9992
Fax: 209-383-7849

Cost: $2.50 per galon,* including product and delivery
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallon of diluted $ per
volurre of product solution per square yard square yard
Various types ) .
of il 51 Proprietary N/A

* Cost based on tiuckload quantity of 6,000 gallons.

Methods of Application:
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1. Blade and shape the surfaceto a type“A” crown.

2. Apply the solutionusing several passes with a pressure or gravty flow distributor.
3. Compect the surface immediately following application.

4. Road closure will be needed for curing

Special Comments :

1. The product may causeeye and skin irritation, therefore, safety equipment shoud be used
during the application process.

108



Soapstock Organic Binder
General Description: Soapstock is a byproduct of the refining process of soybean oil.

Dis tributor: Environmental Dust Cortrol, Inc.
1729 260 Averue
Currie, MN 56123
Phore: Howard Hamilton, 507-763- 3481
Robert Nelson, 507-274-5163
Arland Moger, 507-274-5131

Cost: $2 per gallon,* including product, delivery, and application
Applic ation:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallons of product $ per
volurre of product per square yard sguare yard
Weéll-graded soil Pre-mixed 25 .50

* Cost based on 150 mile radits Currie, MN. Beyond 150 miles, a freight chargeof $1.80 per milewill be added. A 10% disoount will
be givento shipments of more than 3200 gallons.

Methods of Application:

1. Scarifythe road suface to a depth of 1-2 inchesand grade to an “A” type crown.

2. Apply the product using either a gravity flow or pressure sprayer.

3. Penetration normally tekes 4-6 hours, therefore traffic speeds should be reduced to limit the
amouwnt of pickyp on vehicle tires.

Special Comments :

1. Itisrecommended that the road surface be dry preceding the application.

2. If the product is trarsferred orto a vehicle immediately after application, it can be removed
with industrial strength soap and a power sprayer.

3. Itisrecommended to break up or grade the surface before winter. Thisis to awoid havingto
gpply salt or sand inthe winter.

4. The product can have some residual affects, therefore the application rate may be decreased.
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EMS Polymer Additive

General Description: EMS is a non-petroleum, resinous polymer emulsion. 1tis used when
additional moisture resistance is required beyond EMC Squared' s

(Enzyme) capaility.

Manufacturer:  Soil Stabilization Products
P.O. Box 2779
Merced, Cadlifomia 95344
Phore: 209-383- 3296
800-523-9992
Fax: 209-383-7849

Cost: $25 per galon, including only the cost of the product
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
: Volume of water to  Gallon of product per cubic $ per
Varies
volurre of product yard quare yard
Soilscorntaning smdl
amourtsof clayto Variest 133 (2 al/15 yd®) .55
heavy days

! Add the required amount of water to bring the soil to OMC, 2 Based on 6-inch depth.

Methods of Application:

1. Scarify the road surface to a depth of 6-12 inches.

2. Apply the olution to the material with a distributor. The ratio of BEMS to EM C Squared is of

2:1. Therefore, 1 gallon of EMC Squared and 2 gallons of EM S will be needed for every 15
yd® of soil. Save 5% of the solution for afirdl surface coat.

3. Mix the materiad with agrader, disk, or rotary mixer.

4. If rain is forecassted overnight, compact the meterial that day. If ro rain is forecasted, leave

the meterial overnight before compaction Before compaction occurs on the rext day, bring the
material back up to OMC.

5. Compact the material with preurretic or steel whedl rollers.

6. Apply the remaining solution duringthe firel grading (crownirg) and compaction operations.

7. If acoarse surface will be applied, allow seven days to cure.

8. If it will remain unsurfaced, alow traffic on the road surface.
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Special Comments :

1. Itisrecommended thet soil samples be analyzed to deternine performance of the
products.

2. The product may causeeye and skin irritation, therefore, safety equipment shoud be used.

Maroc Polymer Additive

General D escription: Marloc is a poly vinyl acrylic liquid copolymer with an acrylic base
having 60% solverts(solids) and 40% water.

Manufacturer:  Reclamare Company
20727 7" AverueS.
Seattle, WA 98198-3408
Phore: 206-824- 2385
Fax: 206-824-6798

Cost: $8.10 per gallon,* including only the cost of the product
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallons of diluted $ per
volurre of product solution per square yard sguare yard
Well graded soil 301 42 A1

* 55 gallon drum costs$8.10/gallon, 5 gdlonpal costs$12.00/gdlon Costbasedon 55 gdlondrum.

Methods of Application:

Scarify the road surface to a depth of 4-6 inches and crown.

Apply the solution over the suface with a distributor.

Compact the surface withsted whedl or pneumatic roller.

Apply a heavy top coat to the surface.

Apply a second heavytop coat if heavy traffic will be encourtered.
Top dress the surface if it starts to breakup.

If severe break up occurs, scarify the suface and regpply the product.

Noahs~wDdDPE

Special Comments:

1. The product may causeeye and skin irritation, therefore, safety equipment shoud be used
during the application process.

2. The application rates srown are for 1/4-1/2 inchpenetration. If desper peretration is required,
more solution srould be applied.
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Polymer/Enzyme Polymer Additive

General Description: The Polyrer/Enzyne is a liquid condstingof polymer products, soil
birders, adhesives, resin dispersion agents, and biocatalysts.

Manufacturer: Duasoils, Inc
400 SunValley Drive, W.
PO Box 23613
Nashwille, TN 37202
Phore: 800-713-2989

Cost: $82 per galon, includingonly the price of the product
Application:
SOIL TYPES DILUTION APPLICATION RATE COST
Volume of water to Gallons of product $ per
volurre of product per cubic yard sguare yard
Sail with : 5 )
10-30% clay Variest 067 (1 gal/15 yd®) $.92

! Addthergquired anount ofwaer to bring thesoil to OMC.

2 Based on 6-inch depth.

Methods of Application:

1. Scarifytheroad surface to a depth of 8 inches and windrow theloose material.

2. Apply the solution to the suface with adidributor and the windrowed meaterial with a
distributor to abtain OMC.

3. Blend material withblade, disc, or puverizer. Keep graying withwater to maintain OMC.
If too wet, blade and alow to dry, if too dry, add water.

Blade and shape the surface to a type “A” crown.

Compact with sheegps foot or pneunretic rollers, and firishrollirg with vibratory roller.
Allow 3-5 days for the road to cure if awearing surfece will be applied.

Always cover the base with wearing surface (1 inch chip sedl is sufficiert).

N o oA

Special Comments:
1. The product may causeeye and skin irritation, therefore, safety equipment shoud be used
during the application process.
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Soil-Sement Polymer Additive

General Description: Soil-Semert is a polymer emulsion corsisting of acrylic and acetate

polymers ard water.

Manufacturer: Midwest Irdustrial Supply, Irc.
PO box 8431
Canton, OH 44711
Phore: 330-456- 3121
Fax: 330-456-3247

Cost: $2.25 per gallon,! ircluding product and delivery
Application:
SOIL TYPES DILUTION APPLICATION RATE
Various types Volume of water to Gallons of diluted
of ils volune of product? solutionper square yard
Dust Cortrol 91 .75-1.49
Maintenarce 91 22 - .60
Soil Stabilization 41 90-.2.25
Maintenarce 91 22 -.60

! Bulk quantities of 3,000-5,000 gallons

2 Dilutions range from 4:1 to 19:1. Typical gplications areat 9:1

Methods of Application:
Dust Control

1. Blade and shape theroad surfaceto a type“A” crown.

2. Apply the mixture over the surface in several passes using a distributor.
Soil Stabilization

COST

$ per
sguare yard

A7-.34
.05-.14
41-1.01
.05-.14

1. Scarifytheroad surface to the desired depth (typically 3-4 inches), then crown the surface.
2. Apply 70-85% of thetotal volume onsevera passes, blending the mixture with a notor
grader after each pass. Bladeto “A” crownand compact usngasted or rubber tire roller.

3. Apply the remaining solution to the road surface as atop coat.

Special Comments:

1. Thetraffic speeds should be reduced after application to avoid splashingand neterial pick up.

2. The product will ot corrode or pit equipment.

3. Theinttial and meintenarce application rates are dependent ontraffic, spillage, tracking etc.
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4. Soil sanples are evaluated by Midwest Irdustrial Supply, Ic. to determine the application
rates, schedues and costs.

APPENDIX D
SURVEY RESULTS
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Appendix Table D-1. Number of Agencies and Additives Curertly Used By State.

State

Colorado

Montana

North Dakota
South Dakota

Utah

Wyoming

Other

Total

Appendix Table D-2. Road Officials Representation to the Chemical Additive Survey.

Category

Chloride Additives
Cdcium CHhoride
Magnesum Choride

Clay Additives
Enzymes
lonic
Other Clay Additive

Bituminous

Orgaric Non-Bituminous

Water

Total

58
14
44
16

g1 N 00 W O

4

Cco

11

Number of Agencies
8
14
4
10
8
13
3
60

Number of Additives Used

Additives Used by Res pondents

MT
13
2
11

* 3 responses were obtained from Michigan and Canada usirg 5 products
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ND

AR RN

SD

10

17
18
6
14
12
17
6
9
UT WY Other*
8 12 2
3 2 2
5 10 -
3 3 2
3 1 -
- - 2
- 1 1
1 1 -



118



Appendix Table D-3. Road Officials Use of Chemical Additive Based on Average Daily Traved (ADT) by Percentage Response.

Category

Chloride Additives

Cdcium CHoride

Magnesum CHoride
Clay Additives

Enzymes

lonic

Other Clay Additive
Bituminous
Orgaric Non-Bituminous
Water

# of Responses

58
14
44
16

A 01 O 00 W Ol

Light ADT

40
50
36
25
40
0
25
17
60
0

Medium ADT

50
43
52
50
60
67
38
50
40
33

Heavy ADT
26
21
27
31
20
33
38
33
40
67

Appendix Table D-4. Road Officials Resporses of How The Chemical Additives Were A pplied by Percertage Resporse.

Category

Chloride Additives

Cdcium CHoride

Magnesum CHoride
Clay Additives

Ezymes

lonic

Other Clay Additive
Bituminous
Orgaric Non-Bituminous
Water

# of Responses
58
14
44
16

A O1 OO 0 W O

Sprayed
93
79
98
38
40

0
50
83
80
75
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Mixe d-In-Place
12
7
14
88
100
100
75
17
60
25



Appendix Table D-5. Road Officials Resporses of When The Chermical Additive Were Applied by Percertage Resporse.

Category # of Responses Spring Summer Fall Necess ary Follow-up
Chloride Additives 57 60 5 35 65
Cdcium CHoride 14 79 7 14 71
Magnesum CHhoride 43 53 5 42 63
Clay Additives 16 31 13 56 33
Erzymes 5 60 0 40 40
lonic 3 0 33 67 0
Other Clay Additive 8 25 13 63 50
Bituminous 7 14 14 71 71
Orgaric Non-Bituminous 5 20 0 80 40
Water 5 40 20 40 80

Appendix Table D-6. Road Officials Ratings of Chemical Additive Effectiveness by Months Based on Percertage of Response

Category # of Responses <3 3-6 6-12 Other
Chloride Additives 59 3 42 37 17
Cdcium CHhoride 14 0 71 21 7
Magnesum CHoride 45 4 33 42 20
Clay Additives 14 0 7 29 64
Enzymes 5 0 20 40 40
lonic 2 0 0 0 100
Other Clay Additive 7 0 0 29 71
Bituminous 5 0 20 60 20
Orgaric Non-Bituminous 4 25 50 25 0
Water 4 50 0 25 25
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Apperdix Table D-7. Road Officials Responses of Necessary Follow-up and Other Durations of Effectiveress FromTables 5 and 6.
Other Effe ctiveness (M onths)

Category Necessary Follow-up (Months)
Resp. # # Value Min. Ave. Max. Resp. # # Value
Chloride Additives 38 37 1 9.2 15 10 5
Cdcium CHoride 10 10 1 8.3 12 14 1
Magnesum Choride 28 27 3 9.5 15 9 4
Clay Additives 6 6 6 11.5 15 9 2
Ezymes 2 2 12 135 15 2 0
lonic 0 0 N/A N/A N/A 2 0
Other Clay Additive 0 4 6 10.5 12 5 2
Bituminous 5 5 12 12 12 1 1
Orgaric Non-Bituminous 2 2 3 75 12 0 0
Water 4 2 3 4.5 6 1 1

Writtenresponses for effectiveness duration for respondents that answered “ Other”to Appendix Table D-6):
Magnesium Chloride
4- Dep ends on west her and treffic
1- Still checking

Enzy mes
1- Several years
1- 6 years
lonic
1- It haslast ed tw 0 seesons so far
1- It has been in placefor three years now without any sign of breskup

Other Clay additives

1- Unknown
2- Chip seded over product to keep out w ater
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Min.
15
18
15
24

N/A

N/A
24
30

N/A
.25

Ave.

22.2
18
235
24
N/A
N/A
24
30
N/A
.25

Max.

36
18
36
24
N/A
N/A
24
30

N/A
25



Appendix Table D-8. Road Officials Ratings of Chemical Additive Effectiveress by Percertage Response

Category # of Potholes Was hboards Frost Heave

Respomses Good Fair Poor NC Good Fair  Poor NC Good Fair Poor NC

Chloride Additives 58 28 50 10 12 36 50 9 5 11 12 25 53
Cdcium CHoride 14 21 29 7 43 21 50 7 21 14 14 29 43
Magnesum CHoride 44 30 57 11 2 41 50 9 0 9 12 23 56
Clay Additives 15 53 27 I 13 53 40 0 I 27 20 I 47
Enzymes 5 40 60 0 0 60 40 0 0 20 20 0 60
lonic 3 100 0 0 0 100 0 0 0 67 0 33 0
Other Clay Additive 7 43 14 14 29 29 57 0 14 14 29 0 57
Bituminous 7 29 43 14 14 13 63 13 13 0 0 43 57
Orgaric Non-Bituminous 5 60 20 20 0 80 0 20 0 20 20 0 60
Water 3 33 0 67 0 33 0 67 0 33 0 67 0

Appendix Table A-D. Road Officials Ratings of Chemical Additive Efectiveress by Percentage Response.

Category # of Soil Strength Overall Rating Customer Service

Responses Good Fair Poor NC Good  Fair Poor Good Fair Poor NC

Chloride Additives 58 11 47 5 37 67 29 3 67 25 0 7
Cdcium CHhoride 14 0 50 14 36 57 29 14 64 21 7 7
Magnesum CHoride 44 14 47 2 37 70 30 0 65 26 2 7
Clay Additives 15 60 40 0 0 47 47 7 60 40 0 0
BEzymes 5 100 0 0 0 60 40 0 40 60 0 0
lonic 3 100 0 0 0 100 0 0 100 0 0 0
Other Clay Additive 7 14 86 0 0 14 71 14 Y4 43 0 0
Bituminous 7 43 43 0 14 100 0 0 100 0 0 0
Orgaric Non-Bituminous 5 40 0 0 60 60 20 20 80 0 0 20
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Water 3 33 0 67 0 33 0 67
Appendix Table D-10. Road Officials’ Labor and Cost | fonmetion.

Labor R equired Labor $id* Product $/yd
Category

Min. Ave. Max. Min. Ave. Max. Min. Ave. Max.

Chloride Additives 53 1 31 8 18 01 15 62 22 .06 .25 .9
Calcum 14 1 29 8 9 05 19 62 11 .04 21 45
Magresum 39 1 32 6 13 01 .13 62 15 .06 .27 .96
Clay Additives 14 2 45 8 6 .03 43 150 7 .020 .20 .50
BEzymes 5 3 38 6 5 14 20 25 2 13 34 54
lonic 1 5 5 5 1 150 150 150 N/A N/A N/A N/A
Other Clay 7 2 49 8 3 03 05 08 4 .02 .21 .50
Bituminous S 1 36 7 4 05 30 .77 4 10 .26 .50
Orgaric Non- 5 1 36 6 2 15 23 30 4 .18 .37 .67
Water 3 2 27 3 N/A N/A N/A N/A N/A N/A N/A N/A
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APPENDIX E
CHEMICAL ADDITIVE SURVEY
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DUST CONTROL/SOIL STABILIZATION SURVEY
What COUNTY/ AGENCY are you reporting for?

Does your COUNTY/AGENCY use dust contrl or sail stabilizing

chemicals on the gravel road system?
UYES U No

If NO, please tear out this page and return it to us, so that we do not
LOW VOlume Road send you follow up surveys.
1 113 How many miles of gravel road do you have in your county?
cmica 1ITVE SUrvey

How many gravel mad miles do you treat with:
DUST CONTROL CHEMICALS SOIL STABILIZERS

How many years have you been using chemical additives on the gravel
road system?

What chemical based busT cONTROL/SOIL STABILIZERS products have you used
(please check all that you have used and circle how the prod uct was

used)?

U cCalcium Chloride Dust Control Soil Stabilizer

J Magnesium Chloride Dust Control Soil Stabilizer
(1 Organic binders  Dust Control Soil Stabilizer

(] Resinous adhesives Dust Control Soil Stabilizer
U Surfactants Dust Control Soil Stabilizer
U Enzymes Dust Control Soil Stabilizr
U Flyash Dust Control Soil Stabilizer
U Lime Dust Control Soil Stabilizer
U Water Dust Control Soil




Stabilizer How do you apply the prod uct?

U other Dust Control Soil Stabilizr (] Sprayed on surface [ Spread on surface (] Mixed in place
U Other Dust Control Soil Stabilizr
Q other Dust Control Soil Stabilizr Have you experienced any difficulties with applying the product?

U YES U No

106
Please write the previously mentioned product(s) in the space provided
and answer the questions about each particular product. If YES, please explain:
PRODUCT What time of the year do you make the first application?
Spring
Product distribu tor Summer
Distrib utor’s add ress Fall
Did you perform any initial soils testing to determine which product to What is the application rate? (Ibs'yd?) (gal/yd?)

use? U YES U No

How do you determine this rate?
If so, what kind of testing was performed (i.e., plasticity index, grain size

distribution, etc.)?

In your experiences, how long does this application remain effective?
U Lessthan 3 months

How would you describe the soil characteristics in your area? Q 3-6 months
U 6-12 months
QO other
What is the average daily traffic (ADT) of your roads treated with this dust Do you apply afollow up application? Q4 YES Qad No
controlling product?
Light (< 100) If YES, when is the second application made (i.e., 3, 6, or 12 months
Medium (100-250) later)?

Heavy (> 250)

What is the follow up application rate? (bs/yd?)
In what form is the product applied? 1 solid Q liquid (galyd?)



How do you determine this rate?

In your experiences, how long does the follow up application remain
effective?
U Lessthan 3 months
(] 3-6 months
U 6-12 months
U Other
107 D , .
0 you need to temporarily close the road after applying the product?
U yes UNo

If YES, for how long?
Have any failures occurred? O YES U No

If YES, please explain:

How would you rate the product in controlling p otholes?
U Good
U Fair
U Poor
) Not considered

How would you rate the product in controlling washboards?
U Good
U Fair
U Poor
] Not considered

How would you rate the product in controlling frost heave?
U Good
Q Fair
U Poor
U] Not considered

How would you rate the product in increasing soil strength (i. e. California
Bearing Ratio)?

U Good

U Fair

U Poor

(] Not considered

How would you rate the product in overall so/LSTABILZATION/DUST
SUPPRESSANT?

U Good
Q Fair
U Poor

How would you rate the company’s customer service?

U Good

U Fair

1 Poor

] Not Considered

Comments:

What equipment do you use to apply the product?

U Motor grader

U Water truck

(] Rubber-tired roller
U Asphalt distributor
] Steel wheel roller
Q other

How may people are normally needed to ap ply the product?

What is th e approximate labor costs to apply the product?

$ per yd?



What is the approximate cost of the product? How much does it save in patching each year?
$ per yd? $ per yd?

How much does this procedure save annually in regraveling cost? Do you feel this procedure is cost effective from a maintenance
$ per yd? perspective?
U YES U No

General Comments:

108

THANK YOU FOR YOUR TIME AND COOPERATION
(] Please send me a copy of the final report.
Name:

Address:
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APPENDIX F
PROGRAM RECORD KEEPING FORMS
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Record for Dust Control/Soil Stabilization Program

Department:

Road | dertification:

Project L ocation:
From
To:

Product Used:

Initial Application Rate:
Follow-up Application Rate:

Item

A. Road Improvement Cost
* Drairage Improvenments
»  Geometric Improvements
« Repair of Failed Areas
- Addition of Gravel Surfacing

B. Surface Preparation Cost
» Addition for Selected Material
(fines etc.)
» Scarifying Watering Shaping
Compacting

C. Product Supply ard Application Cost
e Materia Supply
» Trarsportation & Application
Cost

D. Miscelareous Cost
« Traffic Control, Detours
«  Inspection, Supervision
« Other Cosdts

Total Cost of Program

Cost Excluding Item “A” Above

110

Date:
ADT Estimate:
Length: miles
Width: fed
gdlyd? or lblyc?
gdlyd? or lblyc?
Total Cost Cost/mile



Souce UMA EngneeringLtd. “ Guidelines for Cost EffectiveUse and Application of Dust Palligtives,” Roads
and Transport ation Association of Canada, Ottawa, Canada, 1987, page 17.
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Benefit Record for Dust Control/Soil Stabilization Program

Estimated Savings

Tangible Benefits .
/mile/year

1. Reduced maintenance cost (estimeted 25- 75%
savings over previous blading costs; use local
figures, if available).

2. Reduce regravding (estimate based ontraffic
volume and climate impacts or use local figures if
available).

3. Other tangible berefits.

Tota Targible Benefitsmile

Intang ble Benefits

Reduced vehicle accidents.

Reduced vehicle damege.

Higher quality of life and property values.
Reduced cleaning costs.

Reduced dust-induced respiratory problers.
Reduced sedimertation in water bodies.
Reduced impact on dust sensitive vegetation.
Reduced complant from the public.

00N OAWDNPER

Souce UMA EngneeringLtd. “ Guidelines for Cost EffectiveUse and Application of Dust Pallidives,” Roads
and Transport ation Association of Canada, Ottawa, Canada, 1987, page 18.
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APPENDIX G
GLOSSARY OF TERMS
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Acetate - something as atextie fiber mede from cellulose acetate.

Acrylic Resin - a glossy thernoplagic made by polynerizing acrylic or methacylic acid or a
derivative of either and used for cast and nolded parts or as coating and adhesives.

Amorphous - having no definite form.

Aromatic - characterized by increased chemical stability resuting from the delocalization of electrors
inaring systemcontaining usually multiple corjugated double bonds.

Adhesive - an adhesive substance (as glue or cemert).

Asphalt - adark brown to black cementitious meterial tha is either naturaly occuringor is produced
by petroleumdistillation.

Bitumen - any of various mixtures of hydrocarbons (as tar) oftentogether with their nonmetallic
derivatives that occur returally or are obtained as residues after heat-refining natural substances (as
petroleun).

Bituminous - containingor impregrated with biturren.

Cellulose Ace tate - any of several compourds insoluble in weter that are formed especially by
theaction of acetic acid, anhydride of acetic acid, and sufuric acid on cellulose and are
usad for makingtextile fibers, packagng sheets, varnishes, etc.

Cohesion - the act or State of stickirg together tightly.

Colloid- a substancethat corsists of particles dispersed throughout another substance which are too
small for resolution with an ordinary microscope.

De lique sce nt - tendingto undergo gradual dissolution and liquefaction by attraction and absorption of
moidure from ar. It regsts evaporation ard stays in solution.

Derivative - A chemical substance related structurally to arotther substance and theoretically
derivable from i.

Dispersant - a substance for promoting theformetion ard stabilization of a dispersion of one stbstance
inanother.

Dispersion- a system congstingof adispersed stbstance and the mediumin which it is dispersed.

Dis tillate - a liquid product conrdensed fromvapor during distillation.

Distillation - the process of purifyinga liquid by successive evaporation ard condersing

Emulsifie d Asphalts - (also simply called emulsion) is a mixture of asphalt cerment, water, ard
emulsifyingagert. The emulsifying agert imparts an electric charge to the surface of the asphalt
droplets, which causes themto repel one arother.

Types of emulsified asphalts:
1. Anionic - el ectro-neggtive charged asphelt droplets
2. Cationic - electro-positive charged asphelt droplets

Emulsifie r - a surface active agent(as a soap) promoting the formation ard stabilization of an enulsion.

Emulsify - to convert (2 or more) immiscible liquids into an enulsion.

Emulsion - a system congsting of aliquid dispersed with or without a emulsifier in animmiscible liquid
usually in droplets of larger than colloidal size.

Enzyme - any rumerous complex proteins that are produced by living cells and cataly ze specific
biochemical reactions at body tenperature.
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Hygros copic - take up and retained under some conditions of humidity and temperature. It draws
moisture from thre air.

TIon - An atomor group of aors thet carries a positive or negative electric charge as a reault of
having lost or gained one or more electrons.

Lignin - an amorphous polymer related to celluose that provides rigdity ard together with celluose
forms the woody cell walls of plants and the cenenting meterial betweenthem.

Lignosulfonate - any of various compourds produced fromthe spert suifite liquor in the puping of
softwood inpapermaking and used especialy for binders and dispersing agerts.

Maximum Dry Unit Weight - The maximumweight of the sail solidsin a unit volume  The highest
degree of compaction is achieved at this unit weight.

Optimum mois ture content - The noisture cortert where the maximumdry unt weight is achieved.

Oxidize - To combine with oxygen.

Oxidizing agent - A substance that oxidizes something especially chemically (suchas by acceptirg
electrons).

Petroleum - an oily flanmable bitumrous liquid that may vary form anost colorless to black, isa
complex mixture of hydrocarbors with smell amounts of other stbstances.

Plasticity - the ability to retain a shape atained by pressure deformetion.

Polymer - achemical compound or mixture of compounds fornmed by polynerization ad consisting
essentidly of repeating structural wnits.

Polymerization - a chemical reaction in which two or nore molecules combire to formlarger
molecules that contain repeating structural units.

Resin - any of various solid or semisolid amorphous fusible flammable natural orgaric substances that
are wsualy transparent or trarslucert and yellowish to brown, are formed especially in plant
secretions, are soluble in organ ¢ solvents (such as ether) but not in water.

Scarify - to break up and loosen the surface.

Silicate - any of numerous insol Lble often complex meta sdts that contain slicon and oxygen in the
anion, congtitute the largest class of minerds, and are used in building mreterias (such as cement,
bricks, and glass).

Surfactant - a surface-active substance (as a detergent). When surfectarts are added to a liquid,

it reduces its surface tersion, thereby increasing its spreading and wetting properties’.

Tar - abrownto black bituminous usualy odorous viscous liquid obtained by destrictive distillation of
organic material (such aswood, coal, or peat).

Windrow - alorg low ridge of road-making material scraped to the side of a road.

Source Term descriptions were provided by Merriam-Webster’s Collegiate Dictionary (1996),
the Hot Mix Asphalt Material, Mixture Design and Construction (1991), and the Principles of
Geotedhnical Engineering (1994).
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