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Statement of the Problem

The control of soil permeability has been an engineering
problem dating as far back as the Roman Empire. Then they sought
to control it in canals and aqueducts for rural and urban use.
Today some of the problem areas are dams, highway embankments,
building foundations, and sewage lagcons. This study deals speci-
fically with the aspects of the latter problem area., The methods
employed have béen treatment with bentonite and installation of
plastic linings. The bentonite has not proved to control the per=-
meability accurately and the plastic linings present problems in

construction and economic feasibility.

Purpose of the Study

| Tﬁe purpose of this study was to investigate the usage of
asphalt emulsions to accurately control permeability. The as-
phalt used was a slow curing anionic emulsion. The s0il stuﬁied
was a river valley silt which is commonly the soil underlying
lagoons in Kansas. A value of 0.25 inches/day was sought. This
value was adopted because it is that set by the Enviormental Pro-
tection Agency and Kansas Public Health as the maximum permeabil-
ity rate for low standing sewage lagoons. Any value lower than
thls results in an increased size of the lagoon and consequently

n

a much higher cost.



Scope of the Study

The scope of this study included a literature review of per-
meability control with asphalt emulsions and the characteristics
of asphalt emulsions. Very little has been published in this area
and the author found practically no literature concerning per=-
meability control with asphalt emulsions, but ample literature
concerning asphalt emulsions theﬁselves.

The scope also included extensive laboratory experiments to
determine the permeability of the soil mixed with varying amounts
of asphalt emulsion mixtures. The effect of time on the permea-

bility of the soil-asphalt specimens was studied also.



Asphalt emulsions usually consist of a base asphalt disper-
sed in water by means of an emulsifier., Emulsions can supply a
definite type of asphalt in a very fluid condition to a specified
surface., Some of their advantages are low-temperature application,
readily adjustable viscosity to greater fluidity, non-flammability,
ease of penetration into porous materials, and their excellent wet-
fing (coating) ability. The high fluidity of the emulsion allows
easy penetration of the fluid carrying along with it the dispers-~
ed’ particles of asphalt which are deposited on the surface to be
coated; Barth(1).

Asphalt emulsions were first used in the United States as
early as 1869. A patent then issued to Thomas (12) covered the
use of resins, tar residues, and a little natural waste rubber,
all emulsified with silicate of soda. The Westmurite pavement ap-
peared in the period of 1900 and 1910, A.W. Dow (7) stated that
this surface, made with emulsion intimately mixed with aggregate,
gave good performance as a pavement., The first thoroughly tested
emulsions were laid in Chicago as reported by Barth (1), Emulsions
using local "oil-residues" with rosin soap as emulsifier were suc-
cessfully employed there as early as 1907, Van Westrum later, as

reported by Barth (1), laid a series of excellent pavements in

1909-1910 in Chicago and Whiting, Indiana, of the pre-mixed or

cold-laid type.



Since then the predominate use of emulsions has been for road
surfaces. Recently other areas are being explored along the lines
of agricultural uses such as dirrigation ditches, lake beds, and
even peanut growing, Draper (8), and grass in sandy soil, Draper
(9). In the engineering realm emulsions have been used for soil
stabilization and grouting, Gebhart (10), and in this study for
permeability control.

Many patents on the uses and manufacturing of emulsions have
been issued since 1910, Barth (1). Some prescribed the use of no
soap whatever, but merely called for adding sufficient caustic
soda solution to the water and stirring the mixture with asphalt,
obtaining good brown colored, quite stable emulsions. Many Cali-
fornia oil asphalts appeared on the market then and were, and still
are, quite easy to emulsify. In the early 1920's considerable Pan-
uco petroleum became available in the United States. Asphalts
f;pm these are readily emulsified, and so0 many emulsions were
made from them that they were termed "self-emulsifying". Except
for the few exceptions noted, the manufacture of asphalt emulsions
of the water dispersable type requires the use of well chosen emul-

sifying agents.

Characteristics of Asphalt Emulsions

Asphalt‘emulsions are of two types, those in which the asphalt
is dispersed in an. extermal phase, which is the water (0/W); and
those in which the water is 'dispersed in the external phase, which
is the asphalt (W/0), according to Barth (1), The former type can

be diluted with more water, but not with asphalt. The latter can



be diluted or otherwise made richer in asphalt content, since Here
asphalt is the external phase, but cannot be diluted with water.
Whenever a phase, either asphalt or water, can be added to an emul-
sion and it mixes well to produce a homogeneous product, that phase
is the external phase of the emulsion. All emulsions thus comprise
two phases, one of asphalt and the other of water.

A third component is commonly needed to disperse either the
asphalt into the water (0/W) or vice versa (W/0).. These agents
are called dispersing agents of emulsifiers. The chemical nature
of the emulsifier most often determines the type of emulsion.

The ability of aqueous of asphalt-in-water emulsions to per-
form properly is dependent on their prime or most distinguishing
characteristic, namely, to deposit the dispersed asphalt as a
continuous film on the surface to be coated or impregnated. Dur-
ing application high fluidity coupled with high penetrability of
the emulsion places the fluid where the asphalt is required, name-
ly, the aggregate or fiber.

How dispersed asphalt particles form into continuous films
will be discussed in relation to the asphalt-in-water (0/W type)e.
This type is commercially the more important of the two types,
and the physicochemical aspeéts of agphalt-in-water emulsions re-
ceive greater consideration than do those of the water-in-asphalt
type products. One reason is that the stability of the former
often 15 critical, whereas in W/0 type the continuous phase as-
phalt usually is present in large percentages and the dispersed

or water phase usually presents no problem of stability or other



considerations.

Since an 0/W emulsion was used in this sbudy, this review
will be concerned with the asphalt in water emulsions. The dis-
persed asphalt particles are precipitated from the emulsion im-
mediately or soon after contacting a foreign surface, cuch as
paving stones, fibers, masonry, and the like. The result is the
formation of a continuous asphalt film on the surface, at the
location where it is required, This.physical change or preci-
pitation of dispersed asphalt is termed the "break". The emulsion
is said to "break" when the asphalt particle size is disturbed
and the dispersed phase agglomerates or precipitates. The initia-
tion of "break" is due to electronegative or eiectroPOSitive
charges present on the surface of the material to be coated, as
for instance, on paving aggregate. These charges - predominantly
either negative of positive - repel or attract, as the case may be,
similar of opposité charges of the asphalt in the emulsion or,
more particularly, in the ionizable portion of the emulsifier
compound. The water originally present as the dispersing phase
evaporates, hastening the formation of the continuous asphalt film.
One must be reminded, however, that emulsion systems with water
as the external phase also will preclpitate the dispersed asphalt
by the mere loss of water due to evaporation. The emulsion will
"break" above a maximum asphalt content due to the loss of water,
which tends to concentrate the asphalt in the emulsion. The
"break" varies with the type of emulsifier., Most asphalt-in-water

emulsions are unstable at above 70 to 79% asphalt content;



commerclal types are generally made in the range of 55 to 65%
asphalt content. The emulsifier and any stabilizers used in manu-
facture will be found in the asphalt film after the emulsion has
broken, and these substances may or may not alter the properties
of the film compared to the properties of the original asphalt
used for dispersion.

Various types of emulsifiers are used in making asphalt
emulsions; these materials are surface active. Substances that mi-
grate from the bulk of immiscible liquids or solid liquids and con-
centrate at their interfaces will decrease the strain or interfa-
cial tension between the immiscible substance, Briefly, the lower
the surfaée tension between the two phases of an emulsion, the
easier it is to effect emulsification.

Emulsifiers in their simplest form, such as the typical soaps,
consist of molecules containing a‘hydrocarbon "tail" or chain
(also called the lipophillic or nonpolar group) attached to a
strongly polar group or '"head'". The hydrocarbon tail is hydro-
phobic and is the asphalt-solubilizing portion of the compound.
The polar '"head'" is the surface-active portion, and it secures
solubility in water or other polar liquids. This occurs when the
emulsifier is thoroughly water-soluble, as with the alkali-metal
soaps. When the '"head" of polar group in the molecule is composed
of the heavymetal elements and borderline elements such as calcium,
ihe emulsifier often will show géod asphalt solubility rather than
water-solubility (when attached to similar length hydrocarbon
chain), Other groups affect water-solubility, of course, such as

the sulfate, sulfophosphate, and similar groups, as well as the



halogen elements and nitrogen compounds..

The distinction between the above compounds is based on
whether the hydrophillic polar group is located in the electroneg-
ative or positive portions of the molecule,

Chemically, emulsifiers are surface-active agents, classified
as, (1) anionic, (2) cationic, and (3) non-ionic types. Types
(1) and (2) give emulsions where the dispersed phase shows a
definite charge: type (3) agents carry no charge, according to
Barth (1).

Since the emulsion employed in this thesis is of the anionic
type,-and due to the length of description necessary to adequately
describe cationic and non-ionic emulsions, this review will deal
only with anionic emulsions,.

4s reported by Barth (1), in the anionic types the hydropho-
bic portion or hydrocarbon chain is found in the negative part of
the molecule as well as in the sulfate group.

The emulsifiers for the anionic type of emulsions most often
are soaps sufficiently water-soluble or "dispersible" in water,
but with the proper degree of balance as to be lipophillic., If
the emulsifier is chemically designed and synthesized, consid-
eration also must be given to a balanced molecular structure and
proper polarity. Thus we. require for the usual type of anionic
emulsions three components: (1) the asphalt, (2) the water, and
(3) an emulsifier of dual solubility.

The emulsifier should show oil=solubility, which with certain

asphalts is an advantage; a pure wetting type of compound is less



of arequirement than i1s a powerful eﬁulsifying agent,

A large array of substances is used to make the asphalt-in-
water type of emulsions. Some of these materials are soaps of
fatty acids and oils, such as olteilc acid, tall-oil, and its sodium,-
potassium, and even lime soaps; alkall soaps of naphthenic acids
and oxidize fatty acids, as derived from the oxidation of solid
parafin wax; metallic soaps of the same derivation, such as the
aluminum wax acids and their inverted sodium form, Barth (2);
rosin soaps of woodrosin; casein, procein, metallic tannates, and
similar materials, The alkali metal salts of the petroleum sulfo-
nates, of various molecular weights and‘solubilities, are power-
ful emulsifiers, as reported by Barth(1).

The alkali portion of the above products most often is a
sodium or potassium ion; occasionally ammonia is used for cer-
tain solubility effects. - The price of the compound often is the
chief deciding factor in determining which of the various indus-
trial 0oils listed above will be used. There are innumerable
variations in the choice of definite chemical compounds, raw fats,
fatty acids, or the like. Asphalt-in-water emulsions are usually
considered by the trade to be soap-containing types, or anionic
emulsions, as distinct from the cationic types.

In generaly asphalt-in~water emulsions contain from 4O to close
to 75% of asphalt. Theoretically, the low limit is that of very
little asphalt and nearly all water plus emulsifier; on the upper
side the emulsion will become unstable with more than 75% asphalt

content, This figure is very approximate, and would vary with the
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type asphalt used, the percentage of emulsifier, the particle size,
the pH value, and whether stabilizers are present.,

Soap content may be as low as 0.2% to as high as 3%, depend-
ing on the type of product to be made, the need for long periods
of storage, ete. In general, the RC (rapid break) emulsions can
be made with extremely low soap content (from 0,2% to 0.75% of the
emulsion) and still maintain reasonable stability. The MC types
(medium break) usually require about 1% solid soap, whereas the
SC (slow break) typés require 1 to 13% soap. These are relative
values and depend entirely on the asphalit; the hardness of the
water, and the chemical composition of the socap compound or emul-

sifier,

Three Kinds of Asphalt-in-Water Emulsions

The most important property of any emulsion iszits stability
after the emulsion is made as reported by Barth(1l), Will it re-
main an emulsion? How long will it remain an emulsion? The rate
of bfeak‘(lability) and i1ts storage and mixing stability depend
on sgveral factors, The purpose of asphalt-in-water emulsions is
to bring to the stone aggregate or other surface to be treated a
uniform film of high-quality aSphalt_that i1s resilient, durable,
and not altered in any way by mechanical or chemical means or dif-
ferent from the asphalt originally used in manufacturing as report-
ed by Bierhalter (4). According to Barth(1), this film is to be
supplied to the aggregate as true asphalt faiply soon after the
emulsion has been spread or mixed with the aggregate or other sur-

face to be treated. The degree or ease with which these asphalt
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in-water emulsions begin to deposit the bulk asphalt from the dis-
persed condition is called the '"break time" or "curing time" of
the emulsion. Curing is the term used to define technically the
moment when the water has started-to evaporate after the first dis=-
persed asphalt particles have agglomerated on the foreign surface,
and in coalescing have now formed the binding film of asphalt.
During this coalescence, and as the film forms, the external or
outside water phase evaporates from the surface. There are three
grades of emulsions, depending on how fast the dispersed particles
of asphalt will break out or coalesce on aﬁplication. The three
grades arer

1. Fast break or fast cure (rapid curing or rapid setting);

2. Medium break or medium cure (medium curing or medium

sitting); and

3. Slow break or slow cure (slow euring or slow setting).

One of the unique properties of asphalt-in-water emulsions is
theéir relative high mobility or fluidity. It is related to the
time of break or speed of curing. These products perform well be=-
cause 0f their khigh fluidity and their spreading or penetrating
ability over surfaces, fiﬁers, etec., wherein the external or water
phase carries the dispersed particles into the ultramicroscopic
interstices and capillaries of the treated material, as well as
providing good coverage over various surfaces., Subsequently, the
dispersedasphalf begins to coalesce into a continucus adhesive
film if the emulsion has been made properly.

This "break" must not occur before the emulsion has reached



12

its service area, nor should the break be delayed beyond a rea-
sonable time after application. A long-delayed break allows the
emulsion to be washed away from the surface, such as of felts or
aggregates, if the latter come into contact with water. Once the
emulsion has broken, the film thus formed is or should be abso-
lutely insoluble in water and completely unaffected by it, by
moisture, or by damp air.

These products present a distinct advantage over the road
oils or cut-backs in that they may be used at normal temperatures
and are seldom applied heated in any form, as are the higher-vis-
cosity grades of cut-backs. Viscosity of the emulsidns also is
easlly adjusted at will by further addition of water should the pro-
duct be too viscous for certain applications.

Asphalt-in-water (0/W) emulsions are applicable at ambient
temperatures, in contrast to the other extreme of bituminous
materials, such as the asphalt cements that must be used at ele=~
vated temperatures.

One disadvantage emulsions might present is the fact that
the emulsifier remains in the asphalt film with either type of
emulsion., In the case of the asphalt-in-water type, the kind of
soap used often affects the physical, as well as the chemical,
properties of the asphalt film after the emulsion has cured. In
such cases, the deposited film often is not the desired film of
asphalt or is not similar to that of the original material used

in the emulsion,
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Physicochemical Considerations

The ease of "breaking" {or setting) and the desirability of
permanency on storage are moct important considerations, as re-
ported by Barth (1), Very often these two properties are diametri-
cally opposed to each other,

If the asphalt particles are dispersed to a very high degree
and they are thoroughly stabilized, by whatever means, a slow=-
break emulsion results that is stable under road mixing and sto-
rage conditions, If properly made it will alsc be stable in sto-
rage for the required prolonged period of time,

Conversely, when the asphalt is less finely divided or poorly
dispersed we can expect an early coalescence of particles, either
during storage and/or on application. This statement applies to
rapid-setting (RS) or fast-break types., Medium-type emulsions
g;e intermediate hetween the slow-break emulsion grades and the
Ré-type grades in terms of rate of setting of curing. However,
regardless of the rate of break (lability), all emulsions are re-
quifed to be thoroughly stable on storage (stability).

The nature of the asphalt has an important bearing on its
emulsifiability, but the particle size of the dispersed asphalt is
probably more intimately related to "rate of cure" and stability
than any other property. Some asphalts emulsify easily, whereas
others of similar grade handle with difficulty, no matter whether
low or high percentages of soap are used. Asphalts reasonably
low in wax content should be used when possible. Pure paraffin

waxes can be emulsified with known powerful emulsifieré, but the
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low-cost emulsifiers available for asphalt emulsification usually
do rot emulsify waxes or asphalts containing wax. Naturally occu-
ring organic acids,.such as naphthenic acids present in asphalts
in variable quantities, are beneficial for producing emulsions of
the asPhalt—in-water type. Heavy crudes of naphthenic origin such
as heavy Venezuelan, Sicilian, and Mexican oils, furnish asphalts
that are easily emulsified, although still requiring the addition
of some external soap in most cases. The theory and mechanism of
spontaneous or in-situ emulsification is exhaustively treated by

Bellanger (3) and Clayton (6).

Breaking Point in Performance

The actual mechanism of the breaking of emulsions in con-
tact with various surfaces and aggregates has received consid-
erable attentidn, as reported by Barth (1). Break could take place
on the surface of the paving aggregates or on other surfaces, due
to an increase of the concentration of alkali caused by adsorption,
as reported by Klinkman (11)., The initiation of break may be due
as well, or independently, to mere evaporation and loss of water,
producing a deficiency in the proportion of external to internal
phases., An abnormal concentration of asphalt results in its pre-
cipitation, as reported by Blott and Osborn (5).

The tiﬁe of break is an important consideration since it de-.
terminés the class of emulsion to be made, as reported by Barth
€1). Rapid-curing emulsions "break" soon after their application,
from a few minutes to 3 to 4 hours. They are sensitive to mechani-

cal handling once in contact with a surface; flocculation of the
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asphalt results. This grade is therefore made with a low or limited
soap with just enough stability, and seldom contains added stabi-
WNzers, Slow-curing emulsions, on the other hand, are quite stable,
breaking in from 5 to 24 hours, and they withstand considerable

mechanical manipulation with dry or damp aggregates before breaking.

Stability on Storage

According to Barth (1), emulsions in storage will when prop-
erly made remain stable for long periods of time (3 to 6 months
for slow-break types); this is true provided water has not evap-
orated and there is no possibility of contamination by electro-
lytes. This statement also assumes the emulsion shows the proper
optimum particle size and is not undergoing putrefaction.

Settling of coarser particles ( 5 to 10m) in asphalt-in-
wéter emulsions, statistically always present, is termed sedi-~
mentations; this may occur with no indication of "break™ or rupture
of the emulsion. Sedimentation is counteracted to some degree by
Brownian movement of asphalt particles of wvery small size (1ess‘
than 0.5, in diameter). Sedimentation can take place in emulsions
with coarse particles size - a matter of asimple settling of very
large particles such as exist in poorly made proéucts. The term
sedimentation connotes, generally, a slow separation of coarser
particles from a mixture of‘particles in which the size range is
apparently too wide or the percentage of coarse particles is unduly
large. Sedimentation of particles in asphalt suspensions is depen-
dent on the force that gravity exerts, especially in dilute solu-

tions. A constant rate of fall of the particles would possibly
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follow Stoke's Law: ‘
2r*(s - s')g

9n

V=

where V

rate of fall of the particle, r = radius of the parti-
cles, S = their specific gravity, S' = the specific gravity of |
the liquid, g = gravitational constant, and n = viscosity of the
dispersed medium,

The specific gravity of asphalt particles is about that of the
aqueous soap solution, of slightly over 1,0, even including the
soap absorbed at the interface, so settling would not be expect-
ed to be a very common cccurrence, The reversible thickening of
asphalt—in-water emulsions in storage is due to a slight agglo-
meration of particles, where interphase alkalinity is low, and the
particles are not sufficiently repellent in close packing; often
this is due to a weak electrolyte surrounding them (neutral solu-
tion of soap due to very low alkalinity)., Sedimentation takes
place 1f particle size is large to begin with, with or without
minute disturbances such as storage atmospheric conditions, oc=
¢lusion of air in the product, change in soap structure due to
putrefaction, etc,

The effect of initial particle size on the storage stability
(in days) is shown in Figure 1.

The curve is a composite for a Panuco and a Columbianh naph-
‘thenic-type asphalt, emulsified without and with an emulsifier.
White circles deﬁcte the Panuco asphalt without the emulsifier
and small crossed circles with the emulsifier; the black circles

denote Columbian asphalt without the emulsifier, and those with
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emulsifier are denoted by dotted circles. A sharp break in sta-
bility occurs.at a partiéle diameter of about 3 u, equivalent to
less than 1 month of stability. The critical area of good sta-
bility is in the region of about E;S}Lparticle diameter. Proper-
ly made emulsions should store satisfactorily for feriods of at

least 6 months under the conditions already described.
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Fig. 1 - Stability of emulsions during storage as a function

of particle size.

_Sedimentation is first indicatéd by a slight or decided vis-
cosity increase of the product'towarﬁ the bottom of the storage
tank; it can be removed by gentle mechanical agitation., If sed-
imentation is constantly recurring within 1 month's time, the pro-
duct should be milled through a colloid mill or be reformulated.
If the emulsion forms scum the product should be adjusted. Scum

formation is due to rapid break of the surface of the emulsion in

storage with products of too rapid "break", Evaporation of water
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from the surface is the immediate cause. A remedy to prevent
.scum, also due to too-rapid dehydration, is to exclude air by
covering the surface of the product with a layer of petroleum

distillate (kerosene).

Storage of Asphalt-in-Water Emulsions

The emulsion should not be stored at freezing temperatures
or below as reported by Barth (1). Tropical or desert temperatures
in the neighborhood of 145°F. (tank temperatures of 140 to 160°F.)
usuallx db not affect emulsions unless the tank is aerated, pro-
ducirng by dehydration a foamy scum on the surface of the product.
Water thus lost by evaporation can be added, or a film of heavy
kercsene pléced on the surface of the emulsion as a sealant.

Storage of emulsions at 32°F., or below is not good practice,
as such temperatures produce ice crystals in the mass, causing
coagulation. The water used in manufacture should be as free
of salts as possible to avoid difficulties in producing the slow-
break types. Sodium soap emulsifiers appear to coagulate more
easily at the freezing point of water then do the potash soap

emulsifiers.

The Use of Emulsions

According to Barth (1), the paving industry consumes the lar-
gest quantity of emulsioms,, usually of the asphalt-in-water types.
"Invert emulsioys" also are used in paving, and blown asphalts also
can be emulsified.

Most of the water-in-asphalt emulsions-are consumed in the
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roofing industry and for specialty products. Here one of the main
characteristics is plasticity, besides cementing and waterproof-
ing properites, so that a pasty or extrudable product is most often
desired. For these engineering applications, the function of wa=-
ter in the emulsion often has been disputed and said to be need-
less. Incorporated water however, serves to give some plastic
flow, if not outright low viscosity; properly made, these products
can be applied more easily th%u without any water in the formu-
lation. There are many of these types that contain so little
water, however, that they are not classified as water-in-asphalt
emulsions.

The scope and uses of asphalts emulsified in water in the

paving industry are:

RS-1. Thié specification covers an emulsified asphalt for

penetration macadam, surface treatment, and tack coats.

RS-2, This specification covers an emulsified asphalt for
penetration macadam, surface treatment, and tack coats where

a more viscous product is desired,

MS-2. This specificaticn covers an emulsified asphalt for
‘plant mixes with coarse aggragate, substantially all of which
is retained on a No. 8 sieve with practically no material pass-

ing: a No. 200 sieve.

SS-1, This specification covers an emulsified asphalt for
fine aggregate mixes in which a substantial quantity of aggre=-

gate passes a No. 8 sieve and a portion may pass a No. 200
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sieve. It also can be used for slurry seals, dilute tack coats,

and mulching purposes.

SS-1h. This specification covers an emulsified asphalt (of
low penetration) for fine aggregate mixes and for admixture
with soil aggregates in which a portion passés a No. 200 sieve.
It also is suitable for light sealcoat applications, with or

without sand cover, and for slurry seals.

Emulsions also are used in the roofing industry, waterproof-
ing, and building comnstruction, and several varieties are the basis
of a diversified series of asphalt specialties, as reported by
Barth (1).

One of the speciality uses of asphalt emulsions as reported by
Gebhart (10) has been in the area of grouting. At Morrow Point
Dam, located on the Gunnison River near Montrose in west central
6olorado, leakage increased arcund the limits of the cement grout
curtain on the left abutment established during dam construction.
Thefe was also leakage in excess of 40O gpm (gallons per minute)
in the underground power plant drainage tunnel downstream and minor
seepage along two prominent shear zones along the rock walls of
the power plant excavated chamber.

Cationic asphalt emulsion, triggered with a hydrated lime
slurry, was chosen as the first step in plusgging the large water
channels. To provide a stable curtain and further reduce leakage
a cement grout curtain was established in the area after the asphalt
grouting.

A rapid curing cationic asphalt emulsion was used and resulted
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in a 65% reduction in total leakage into the drainage tunnel,
After the cement grouting the power plant tunnel leakage was
down to 37 gpm showing a 91% reduction had been attalned by the
asphalt and the cement grouting.

As to the use of emﬁlsions for control of permeability, very
little literature was found. In Venezuela an anionic emulsion
was used to seal an irrigation ditch as reported by Draper (8).
The ditch, about 30 inches wide, 10 inches deep, and 100 feet
long was dug in.the dry sand. A weilr was installed at each end and
a small reservoir of water was formed behind one of them. Water
flowed over it and a distance of 25 feet in 30 minutes before
disappearing into the sand., At this point, anionic emulsion was
injected into the water and allowed to flow into the ditch. Water
reached the bése of the lower weir one hour and 35 minutes later.
4 total of 3.2 gallons of emulsion was uéed to this point. Water
overflowed the lower weir two hours and 45 minutes later. A total
of 11.8 gallons of emulsion was used over a period of 4 hours and
20 minutes to effect 90 per cent water recovery. No attempt was
made for complete recovery.

Other than this the author found no literature dealing with
the direct use of asphalt emulsions to control the permeability

of soil,



The procedure for the laboratory experiments was carried
out in four phases:

(1) Determination of soil properties

(2) Determination of best method for preparing specimens

(3) Testing of specimens for permeability

(4) Time study on effect of permeability

Phase (3) was repeated until the desired permeability was
attained reasonably accurately. Each specimen had a minimum of
2 sets of data collected on it, and some as many as 22 sets of

data collected on them.

ﬁhase One
The s0il used was a river valley soil taken from the site
of the new waste treatment plant of Manhattan, Kansas, in 1976.
The s0il properties were determined by laboratory experi-
ments and by using information already attained by the Black and

Veatch office on the site.

Phase Two

The anionic emulsion as it was received from the plant is much
too viscous to mix well with soill. A mixture of 50% emulsion and
50% water was tried, but found to be too viscous. By trial and ad=-

Justment a workable mixture was found and adopted for the laboratory

22
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experiments.

The air dry soil was first weighted out into a mixing bowl.:
Then water was added to bring the soil to optimum moistu}e. Then
the emulsion mixture was added. (It was later found that it was
easier to mix the soil-and emulsion mixture if the ﬁater was added
to the emulsion mixture and then added to the soil,) All of this
was then thproughly mixed by hand in a mixing bowl until all par-
ticles appeared to be coated with emulsion mixture. This gave the
soil-emulsion mixture a uniform darker tone tham the soil water
mixture, Tﬁe soil-mixture was then compressed to a specified

height and diameter.

Phase Three

After compacﬁion. each specimen's weight and height were re-
corded and used to determine the actual density and perrcent of
Proctor density. Then the specimens were placed in the permea-
meters,

' The procedure for securing the specimens in the permeameters
consisted of careful plécing of each specimen on a porous disk
placed in each slot of the 3-slot permeameter. Then the cylin-
drical polethylene tube was placed around it leaving approximately
# inch (0,63 cm) of space between the specimen and the tube. This
space was then poured full of molten esker wax and thus sealed
the specimens on its sides. The top and the bottom of the spec-
imen were left unsealed for the water to travel through. A por-
ous disk was then placed on top of the specimen and the top of

the permeamgter was fitted carefully into place and evenly



tightened down., In this manner water was allowed to pass through
the porous disk on top of the specimen, through the specimen, and
out through the bottom porous disk and into the collection beak--
ers. Each specimen was allowed to be saturated over night before

any test results were recorded.

Pﬁase Four

When specimen appeared to be approaching the desired permea-
bility,it was studied for time effect, The length of time varied
depending on how much the values of permeability differed from
the desired value. That is to say that if the values were near
the desired value thenthe tests were continued, if not, then the

tests were soon discontinued,

Fests Run

A total of 30 differing specimens of soil-emulsion mixtures
were prepared and tested for permeability rate. A total of 80
different sets of data was collected on these 30 specimens. The
number of sets of data on each specimen was dependent once again
on the difference between the permeability rate being obtained
and the desired value of permeability. If the values obtained we
close to the desired value,then more sets of data were collected
for the given specimen. A minimum of 2 sets of data were collect

for each individual specimen.
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'+ The data presented in this section is in three basic forms:
data page, tables, and graphs.

The data pages contain information concerning the soil prop-
erties as found through laboratory experiments or other sources.

The tables are arranged in such a way that permeabilities are

figured and recorded individually for each timed reading for each
~ specimen, Some of the tables have unreliable test data in them.
Those which were judged reliable have a check mark by the specimen
number. The notes on each table page explain why or why not a set
of data is judged reliable. Not every set of data is represented
on a graph. Twenty-two specimens have test data recorded herein,
The other eight specimens have data recorded in Appendix A, Ten
specimen's data are represented on the graphs.

The graphs presented are based on the data.from the tables.
Graphs 1-6 plot permeability versus time elapsed in minutes.
Graph 7 has permeability versus time in days for a specific spec-
imen. Graph 8 has permeability versus per cent asphalt emulsion.

It should be noted that both the graphs and the tables have
two different percentages for each specimen., The larger one is
the percentage of 80-20 emulsion-water mixture that is in the spec-
imen, and the smaller is the actual percéentage of asphalt emulsion

in the specimen,
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Data Pare

The first property determined was the natural water content
of the soil., This was done by preparing three different speci-
mens of s0il in its original state and placing them in an oven
over night. The values prior to and after placement in the oven
were recorded and from these values the value of the natural water
content was determined to be 2.25%. The values are recorded in
Appendix A.

The-values for the maximum density (Proctor) and optimum
moisture were secured from the Black and Veatch office at the site.

These values were maximum Proctor density = 112.1]b/ft3, and op-

timum moisture = 13,2%.
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The data presented in the previous section will be discussed
here in terms of resultsrboth practical and theoretical,

The first result to be discussed is the per cent of asphalt
emulsion effect on permeability. An increase in per cent of as-
pﬁalt emulsion mixture in a2 specimen did seem to lower the per-
meability. A straight line relationship was not found to be the
case as hoped for. The graph of percent asphalt emulsion versus
perméability does show an decrease in permeability with increas-
ing asphalt content, but results did not yield a definite curve
or function with which to predict permeability.

The effect of time elapsed on permeability was observed, but
results are not concrete. In the 1.8% asphalt emulsion specimen
fgraph 1, table 2) the permeability steadily decrsased with time.
The 2.4% asphalt emulsiqn specimen (graph 2, table 3) results do
not Validate this., There a marked increase in pefmeability with
increasing time was observed. There were points of decreased per-
meability with increased time and the final readings showed a de-
creasing permeability, yet the overall effect was an increased
permeability- with increased time. The 2.,8% and 2.0% asphalt emul-
sion mixture specimens (graph 3 & 4, tables 4 & 5) results indicate
only a slight ovgrali decrease in permeability with increasing
time. The 2.8% asphalt emulsion specimen (graph 5, table 6)

results indicate an overall increase in permeability with
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increasing time. However, the L4.4% asphalt emulsion specimen
results indicate a definite decrease in permeabllity with in-
creasing time. The coverall decrease is only minimal and was sub-
ject to much fluctuation during the time period studied.

The results of rglationship of permeability aﬁd per cent
Proctor density seem inclusive.

In observing the results as a whole it is put forth that
due to a misunderstanding by %he author of the physical mechanism
by which the anionic asphalt emulsion is adhered onto the soil
particles that the validity of the results of all specimens prior
to the 22% asphalt emulsion mixture (4.4% actual emulsion content)
&s:. somewhat guestionable, It is also put forth here by the author
that the washing away of the asphalt emulsion particles from the
s0il particles and the ineffective method by which specimens were
gecured in the permeameters caused the results to be gquestionable.

As to the results of obtaining the desired permeability rate
of 0.25 inches/day, as stated in the purpose of this study, the
resﬁlts indicate that an asphalt emulsion percentage of 4.4 will
control the permeability of ﬁhis soil to 0.25 inches/day f-0.0S
inches/day. Alsc the results indicate that after a 28 day periogd

the permeability was within 0.025 inches/day of the desired rate.



The conclusions put forth here are based on the results
previously stated and the authors judgment of those results.

: The conclusions are: (1) that permeability of the soil studied
was affected by the addition of anionic SS-1h emulsion diluted
with water to the soil; (2) that increasing time does affect the
permeability rate of the above mentioned anionic asphalt emulsion
soil mixture; (3) that permeability of the soil can be conbrol-
led within tolerance of the desired value by the anionic asphalt
emulsion.

The permeability of the soil studied was affected by the
anionic asphalt emulsion mixed with water to form an 80% water
and 20% emulsion mixture and then blended in with the soil, The
Pverall affect of this mixture was to lower the permeability of
£he s0il. The amount that the permeability was lowered was de-
pendent upon the percentage of asphalt emulsion-miiture Tlended
in with the soil, It can roughly be concluded that the greater
the percentage of asphalt emulsion mixture blended in with the
s0il the lower the permeability rate will be .

The increasing elapse of time does affect the permeability
rate of the asphalt émulsion~-soil mixture., If a more than suffi-
¢cient period of time is allowed for the agphalt,particies in-the
emulsion mixture to "break", or adhere, to the soil particles be-
fore saturation takes place then an overall slight decrease in

the permeability rate will occur. If insufficient time is allowed
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for the particles to "break" before saturation takes place, then
an overall increase in permeability rate will result due to the

washing away of the asphalt particles.

The permeability of the soil can be controlled within toler-
ance of the desired value by the anionic asphalt emulsion mixture,
Tye desired wvalue of 0.25 inches/day was achieved within + 0,05
inches/day by using 4.4% anionic SS-1h asphalt emulsion diluted
with water to an 80% water and 20% emulsion mixture and then blend-
ed with the soil. The author concludes that anionic SS-1h asphalt
emulsion can be used to control the permeability rate of this so0il

within reasonable tolerances.



It is the author's hope that similar studies such as this
will be conducted. With more extensive laboratory experiments
and thereby-a greater amount of data from which to base conclu-
sions it would seem that a relationship between per-cent asphalt
emulsion and permeability could be acheived. It is also recom-
mended that different soils be used and an attempt made to derive a
graph of per cent asphalt emulsion versus‘permeability for each |
soil. It is recommended that more extensive time studies be made
to determine accurately the effect that time has on permeability
in so0ils treated with asphalt emulsions. One other afea is rec-
“ommended and that is that different emulsibns be used to determine

their effect on soil permeability.
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3-10-76

# Water content determination of natural soil

.1 #3A2 Bowl 72
Wt. of can (or bowl) 13.94 13.89 488,77
Wt. of can + wet soil 63.90 48.56 1150.00
Wt. of can + dry soil 632,17 47.83 1135,32
Wt, of water 0.73 0.73 14468
Water Content, w% 1.48% .2.15% 2.27%

Value from Bowl #2 judged more accurate and value established

as Water Content = 2.25%

natural soil

* Permeability Determination for natural soil

-

where, Q = volume in cm3, t = time in seconds, h = head in

Formula used:

cm (constant), L = thickness of specimen in cm, A = area of spec-

imen in cma.

To convert from cm/sec to in/day multiply by 3.4015 x 10%

First specimen of natural soil

Time Volume Thickness Area Head Permeability
600 - 50 5.08 31,68 208 1.065 inches/day
8700 485 5.08 31.68 208 0.713 inches/day

2400 160 5.08 31.68 208 0.852 inches/day
NOTE: Upon disassembly of the test apparatus it was discovered

47
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that the height of the specimens was not 5.08 cm, but it had
been lowered approximately 1.27 centimeters in the middle of the

specimen and therefore these values cannot be considered as valid.

3-12-76

Second specimen of natural soil (soaked for 16 hours)

Time VYolume Thickness Area Head Permeability
9000 L25 5.08 31.68 208 1.237 inches/day
4500 200 5.08 31,68 208 1.168 inches/day

Value of 1.214 inches/day derived by giving 2/3 weight to
value #1 and 1/3 weight to value #2 and averaging. Natural soil
is sald to have a permeability of 1.214 inches/day.

* Specific gravity determination for natural scil

Wt. Of BOLE1e vevveoeracaceosccsencsanaranes -184e31 grams
wt. Of BOttle+ soil .--oon-ooouao--o;-.lo.. 706.]8 grams
Wt' of SOil (natural vﬁé) L B BE B BN BN BN BN BY BN BE BE BN BN BN BN BN BN R ) 50.00 grams

Wte OF Dowl H#E o vmw voms www win s mw st sww wn s uw s HO5.HD Erans
Wte OFf bowl #6 + water + SO1l eeeeevessesseell12.23 grams
» Wty 0F Dol 6 * dPF 808) sesmvrwanwnsnsnoen DPUTT ErEms
WE, of 22y 8011 w vun vws wwn sns wn s e ves vn s wnin D002 EHEHE
Wte OFf WALOT o ois it sisd bis ao b & ok o woo s v és H87.66 prams

Temperature of bottle + water + boiled soil after cooling = 2900._

Formula for specific gravity determination
o ‘ wsGt
= -W-:——-——— SR
5 & W1+W2

where, G, = 0,9960 {pg. 197, Lamb Lab manual)

=
H

38,92 grams

. n

706,18 grams
= Wg + Vg(1 +AT «¢) (¥p ~¥)

n
!
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where, WB = Wt. bottle
VB = Volume Bottle
ar = -1, (7=29°C, 7,=20°C)
€ = thermal coefficlent of glass = 0.1x10~%

XT'z value from Lamb Lab manuial = 0.9960

3a = value for éir = 0,0012
EDYy 0 b4
W, = 184.31+500(1+9 (0.1x10%)) (0.9960-0.0012)
EWE = 681.75 grams
Thus

s~ 38.92 - 706,18 + 681.75

*S0il Quantity Determination

112.1 1b/£t> = 50893.4 gm/ft>
29.452 gm/in®

With maximum dry density

Specimen 2% inch diameter by 2 inches height :-v(1.2511n)2x2
= 9.817 inch’

so amount needed = 9,817 in5 X 29.452 g;m/in3

289.14 grams of dry soil
with natural water content at 2.25% amount of natural soil
needed = 1,0225 x 289,14 grams

2950 6 Srams

i

with optimum moisture content at 13.2% only 10.95% more water
needed = 31,6 grams of water

Thus the total weight of specimen at 100% maximum Proctor den-
61ty and optimum moisture content = 327.2 grams

so at 85 to 90% Proctor demsity = 278.92 to 294.48 grams

Try for this for first tests.



50

3-26-76

* 18t attempt at using émuision_
Being new 3-slot permeameter and old aluminum permeameter,
Plan to use 1%, 3%, 5%, & 8% by weight of emulsion.
Try 1%

Wha OF BOWL wouw s s oom s wms won s 5% SR ows we o6 s wiv s 8 & DO0GDT EPHbS

Wt. of bowl + S01l seceasccsecssacssssssnsssnes 790.00 grams

Vt. of bowl + 201l + WAter eeecceccsccccecscsses 818.25 grams

Wt. of bowl + s0il + water + emulsion seeeesees 821411 grams
WON'T MIX!1!!

Must dilute with water; try 50-50 solution,
For 3%

Wi 0F BOWl suvswnsmevnnsvenwsaws vususassonenwe 70028 grams

Wte Of BOWL + 501l sevcevcascasnsessosssnncscnss 753428 grams

Wte OFf BOWL + S0IL + WALET wevescevcccescccncss 781.93 grams

Wt. of bowl + s0il + water + emUlSiOn eesecseses 789.62 grams
WON'T MIX!!!

Try 75-25 water to emulsion mixture

For 5%

Wi ©F DOVL sumn vassmenns sns sanpesesenns weess ves . I0be2n Srans
Wee of bowl + 5011 iessnesumenssnsnnenniinsnnan PUS«28 grans.
Wte Of bowl + 501l + WALEr eeessvcavsencesnsses 77543 grams
Wt. of bowl + soil + water + emulsion eeevecees 789.18 grams

( Wt 501l eeevveecese 248.00 grams)

( Wt. water vvveeee. 27415 grams)

( Wt. emulsion ..ee. 13.75 grams)
Wte OF BRECAMEH .aas snsbiis b ok hbie 66e sis s emd v P20 Ffams
Density Of SPECLMEN seeeeseesocasasesescecenaas 110,18 1b/ft7
% Proctor Density wesm s e ww s wn onoe ewe o3 s s s o Dok

NOTE: Conversion factor for changing wt., of specimen to density
of specimen is 0.3877 for 2% inch diameter by 2 inch height spec.



IN SLOT # 1
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Didn't mix too badly, but try now an 80-20 water emulsion mixture

For 5% -

Wte OFf BOWL sceessccovcsesssccossscrscescscasne
Wte Of DOWLl + SOLl eessvescccsaceccacsscaesnse
Wte Of bowl + 501l + WALEr eeececesssscscscasss
Wt. of bowl + s0il + water + emulsion s.eecees
(Wte Of 501l seeeeceees 248.00 grams)
(Wt. of water sveveeeee 26.89 grams)
(Wt. of emulsion eee.sese 13.75 grams)
Wt of SPECIMEN seessscccsvcsorssssssscusssnson
Density of Spevimefl v vus s vus s ¢ mws m smm 5 8
% Proctor Denslty sceiccewasneaanmuisionevis s

IN SLOT #2

Use 80-20 mixture again
For 8%

Wts Of DOWL ecvecessvscssescsceccccsscsncscncces
Wte Of bOWl + 8011l sevevvarecscccsssssnssansee
Wt, of bowl + 501l + Waler .eccecsesscccssncns
Wt. of bowl + soil + water + emulsion e.eeeceee
(Wte Of 501l seveeessee 241,00 grams)
(Wt, Of Water seseceees 26539 grams)
(Wt. of emulsion eeesss 21.21 grams)
Wt. of specimen Ceeiesesececoatsnessecsscasens
Density of specimen sseesscssccessssnsecsssnne
% Proctor Density ceescesccoscoscscssacsesscns

IN SLOT #3

Use 80-20 mixture again
For 10%

wt. of boWl LI B B B B BN B B BN BN BN B B BB R R R BN BNCRE BN BN BN BN BN R EE B R )

‘Wt. Of bOWl"’SOil LRI B IR BB R BN R BN BN BN B BN b BN R BN BN BEBK BN N N B

500.80
748.80
775.69
789.44

286.64
111413

87.5%

500.58
741.58
767497
789.18

284.87
110444
87.0%

500421
73721

grams
grams
grams

grams

grams
1b/£t>

grams
grams
grams

grams

grams
1b/£t

grams

grams

—
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Wt. of bowl + 5011 + WAter seeessessscccccsese 763,16 grams
Wt. of bowl + s0il + water + emulsion sesseses 789.45 grams
(Wte Of 5011 sevevseces 237.00 grams)
(Mte Of Water svieeses.. 25.95 grams)
(Wt, of emulsion eeesee 26.29 grams)
Wte Of SDPECIMEN eoavesocsssssssscnsncsncnsvrens 201,15 grams
Density of specimen swesess ex swe vww ves wee ss sma s 109400 lb/ft3

%PTOCtor Densj-ty 8 8 8 89T I TS EPSULE BTSSR 85.%{2

IN ALUM #1

L-2-76
Slot Time Volume Thickness Fead Area  Permeability
Al 3600 95 5.08 227  31.68 0.634 inches/day
1 3660 275 5.08 225 31.68 1.821 inches/day
2 3780 182 5.08 225 31.68 1.167 inches/day
3 3900 29 5.08 225 31,68 0.242 inches/day
Al 4260 108 5400 227 31.68 0.689 inches/day
1 L140 304 5208 225 31.68 1.780 inches/day .
-2 3900 198 5.08 228 31.68 1.23%2 inches/day
3 3660 29 5.08 225 31.68 0.258 inches/day
4=5-76
% fctual water conteht of #3
Wt. of water = 26.39
+ 0.8(21.21) = 16.97 W% = 17.99 = 18% approximately
| 43.36
Emulsion/Soildry = 1.76%

Try 2% emulsion based on dry soil weight; try for optimum mois-
ture.

% water of air dry soil = approximately 2%; with optimum

moisture = 13.2%, the we need 11.2% more
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Use 256 grams of air dpy soil, 28.12 grams of water, and

5.01 grams of emulsiong, .,

For 1.8% emulsion/ WOildry’ use 256 grams of air dry soil,
28.62 grams of water, and 4.51 grams of emulsionao_ao

For 2.5% emulsion/soil, _, use 255 grams of air dry soil,

dry
27.84 grams of water, and 6.2, grams of emulsiongo_ao

For 2%

Wt, Of BOW]l sececceesasrcennsscnsencsnnsescnae 473,30 grams
Wts Of DOWL + S011 sesecovsssocesacassssnscsess 729,50 grams
Wt. of bowl + soil + water + emuUlsSion cieeesss 761,87 grams

(Wt. of small BOWl ceswsessse 131.37 grams)

(Wt. of small bowl + HZO ceee 159.49 grams)

{Wt. of =small bowl + HEO + BE. 164,50 grams)
Wt of Speclumel o veswssses swensras sonves sussses 0009 Eroams
Density OF SPECAMON seeseseserssnsnensooonnnes 111,24 1b/£t7
% Proctor Density seeeecceessesscascsscsnceosse 8746%

IN SLOT #1

—-— o e — o —

For 2.5%

Whs GF BOWL & vivw mim o won oo 5 008 s Sme w5e sors e s e v 7o 0e Broms
Wte OFf BOWL + S01l evesvesvcccscscscssasnsenes 729432 grams
Wt. of bowl + s0il + water + emulsSion eceeeeees 761.29 grams
3 (Wt. of small bowl eeeeesssee 131,37 grams)
(Wt, of small bowl + H,0 +vv. 149,37 grams)
(Wt. of small bowl + H.O + E, 155,61 grams)
ERROR !!! NOT 2.5 %

Wt. of SPECimen E P40 I 00 RPEPRIELBORRERIEBOESE 286073 grams

2

Dengity of 2pecimon weasrpsssosmeswamssmgswss 1) ielb Eraws
¥ Provtor Denelty cessasivssnsundswnnsensonen O vbD

it ot —

IN SLOT #2
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For 1.8%

WEs B BOWY s emy oo smn i dam o on s v v ow e B735435 graws
WE. of bowl 4 Bell e ew s eww puw sy wou e g pow sun wn ElGe IS TraNs
Wt. of bowl + s0il + water + emulsion e.....e. 766,58 grams
(Wt. of small bowl .ieeeesaaess 131,42 grams)
(Wt. of small bowl + HaO wennsn 160.04 grams)
(Wt. of small bowl + HEO + Emul 164,55 grams)
Wte Of SPECIMEN seesescceccccnssacccnnncnsanes 291,63 grams
Denedty of sPecmeNl w sww smu sme sws sas wwe noe s am o 1] Selib 1b/ft3
% Proctor Demsily seseseennsswsononsanssnissin 091%
IN SL0T #3

For 108%

e 0F Bl awe wws wxs wes s s s 5wy sy s e w o e 00 DA
FEe Of Bowl + 8011 s wws cws vms vas vasss sns wi s ToowID grafs
Wt. of bowl + s0il + water + emulsion eee...es 761.21 grams
(Wt. of small DOWYl eecsccovesas 131,37 grams)’
(Wt. of small bowl + HaO e 156.4% grams)
(Wt. of small bowl + HEO + Emul 161,01 grams)
Wt of 5pecimen vewvwnes o ns e ws oms snasns o sws s Coba56 EHans
Density of Specimen eceseeesecsccscsscssssasecses 111,09 lb/ft5
% Proctor Density eeseceesccsssccsscescasccecns 87.5%

IN ALUN #1

— o —-— — -— -

NOTE: thickness, head and area are all constant on these tests at
5.08, 225, & 31.68 respectively

Time

Specimen 48m k 2%m k 50m k S0m 2k 160m k 103m _ k
2 175 1647 305 1.452 175 1.42 175 1.41 = - - -
2 © 295 2.48 506 2.46 310 2.50 - - - - - -
1 125 1,05 179 0.87 100 0.81 94 0.76 260 656 140 .549

A’ 580 4.8? = -
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Time
Specimen 68m k 185m k 65m k
3 183 1.08 - - - -
2 = - = s . .
A} 84 490 207 452 60 .370
L=12-76

*In reference to laboratory data 3-26-76 & L=-2-76
For 10% of 80-20 emulsion mixture

Whis OF BOWL o ams s s e oo ks o s ok ws o vaw wien 58887 prams
Wte Of BOWl + SO0l seeeesecessvccsccascarsecce 725.87 grams
Wte Of boWl + SO0Ll + WALEr wesevsseessaneseses 751,82 grams
Wt. of bowl + s0il + water + emulsion eseesc.o 778.02 grams

AWty ©F s0dl ewerms swnen BI7T800 gErams)

(Wt. of water s.vveeeeces 25.95 grams)

(Wt. of emulsion eeeceees 26.29 grams)
Wie Of SPECiMON sesssesossnssssosssnsssnassnnses 270430 grams
Density of specimen «..vevvivasccasassansesenas 113,90 lb/ft5
% Proctor DenSilty eeeeescececsveccascasccccsses 89.7%

SPECIMEN DESTROYED: ACCIDENT!!!!!

For 10% by wt. of 80-20 emulsion mixture

Whs BF DOWL wvwnssiws on v sim s s ms wary pwe wowe goe onn o, BEBLTY prams
Wte Of DOWL + SO1l wevevesascssscssssccscencse 720.79 grams
Wte of bowl + s50il + WaAter eeecsccscescscseses 751474 grams

Wt. of bowl + soil + water + emulsion e.seesee 778.00 grams
(Wt of 8011 ssuvsnnesnee 23700 grams)
(Wt. of water e..veeseces 25.95 grams)
(Wt. of emulsion .eeeeess 26426 grams)
Wt. Of BPECIMEN seveesnsosrsncssssccsssassanses 283.90 grams
DEnELLy OFf BDOCTHEN weiwwsoe i om en @ v e we s is 5 b 117.42'lb/ft3
% Proctor DenSity ececescscevecssssssscccsceee 32.5%
Height Of Specimen seececcsscsscassssscssossas 1 7/8 inches

IN SLOT #1



For

nt.
Wt.
wt.
Wt.

10% by Wt. of 80-20 emulsion mixture

of bowl ..
of bowl +
of bowl +

LB IR B I B B B B BRSO B BB B OBK BE A N BN BE B BN N N B NN

SOil 80 s e

soil + water ...

LI R B B B BN B B BN BN BN B BE BN B BN B N

LU B I B B I B

of bowl + s0il + water + emulsion ........
(Wto O0f 501l ecavscsseses 23?-60 gramS)

(Wt. O0f Water seecaosensns

(Wt, of Emulsion .eeeeess

27,00 grams)
26,08 grams)

Wt. of SpeCimen 0B esseE NN ISR RERGEIERSEOOROBOS

Density of specimen ...
% PrOCtor Den&ity L 2K BN BN BERY BN B BN NE BN BN RN BN RN B B BN OB BN RN W BE BN N B I

CRC AL BR B B BB B B BE BE BRI B B BN B B BN

Helght of Sbeclmen [N NN EE R EREENENENRSENERNERESD.]

IN SLOT #2

For

Wt.
Wt.
Wt.
wt.

8% by Wt. of 80-20 emulsion mixture

Of bOWl L I A

Of bOW]. + Soil [ B B R N BN BRI BN N B B BE B OBN A R BN BE R BN BN OBE NN B B %

Te s PSPPI ETOEN

of bowl + 8011l + WAter eeececevessoccoscns

of bowl + so0il + water + emulsion secsecses
(Wt. of 58011 speweenneess 25T.00 grams)
(Wt. of water ..
(Wt. Of emulsion ceesceae

26.39 grams)
22.82 grams)

Wt. of SpeCimen P 0000 Er0eNOTIRBTRROEROIOIOERORNY

DenSity of SpeCimen Gt sssnesess BRI ENtOESETEIBERS

%Proctor DenSity PSP OISR LSRRI SRS AGERSD TR

Height Df specimen "."..........'..I.‘.......

IN SLOT #3

e

For 8% by Wt. of 80-20 emulsion mixture

Wt.
Wt.

Wt.

Wt.

Of bOWl LR B LI B B BN B BB AN B BN R NN B DU IR B IR BN N BV RN NN BN W ]

Of bOW1+SOil LR B B BN B IR BB BRI B O K B 2R B BN L BE B N BE B NI

of bowl + soll + water sesssesssssssasnnun

of bowl + soil + water + emulsion sresrnes

"y

56

488,82 grams
725.82 grams
752.82 grams
778.90 grams

285.73 grams
118.34/£t7
93.2%
1 7/8 inches

488.74 grams
729.74 grams
756411 grams
778.93 grams

286.25 grams
110,972/1t°
87 4%
2 inches

488.78 grams
728.78 grams
766415 grams
788.15 grams



(Wt of 5011 weeeaesceese 250.00 grams)
27.37 grams)
22.00 grams)
W Of Sl BT o vis wis o B0 56 siie sid Sid bive BFTUE
Wt. of 2nd bowl + soil + water + emulsion .... 766.59
¥t BT BpeCimen  eme sus vum cuie s wy Fowans sms wwa s oL el ?

(Wt of water ..
(Wt of emulsion seececces

LR BE R BC I O

57

grams
grams

grams

D-ensity Of SDECimEIl LN IR I S R B I I AR B A I A A N 111-5? #/ft3

%Proctar Density LA L R B BN B B B BN B BE B R B BE L N B B B IR I I N N

87.9%

NOTE: In this specimen preparation a'large batch of soil-water-

emulsion was prepared and then enough transferred into an-

other bowl to make the specimen.

IN ALUN #1

NOTE: Area and height are constant at 31.68 and 225 respectively.

It appears from other tests that 10% of 80-20 results in al-
most exactly 0.25 inches/day.

high,-s0
of 80-20

For

wt.
wt.
Wt.
Wit.

Specimen Time Volume Height Permeazability
Al 200m 542 5.08 em 1.090 inches/day
1 200m 148 4477 cm 0.280 inches/day
2 200m 189 4.77 cm 0.358 inches/day
A 200m 181 5.08 cm 0.365 inches/day
Al 195m+  +650 5.08 cm - - - -
1 195m 145 4,77 cm 0.282 inches/day
2 195m 150 L4.77 cm 0.291 inches/day
3 195m 195 5,08 ¢cm 0.404 inches/day
L-26~76

The results are 0.05 inches/day

I am going to use 11% of 80-20 for 2 specimens and 12%

for 2 s

pecimens.,

11% by Wt. of 80-20 emulsion mixture

of bowl
of bowl
of bowl
of bowl
(Wt. of
(Wt. of
(Wt. of

LA B R R A L BN B B B BB N B NN 475.28 grams

+ Soil LA B B BE B BN BB BN RN CRY BN BN K BN BN BN OB OB R AN N W ON ] 710.28 grams

+ 5011 + water .iceccecacscncsoscse 736428 grams

+ s0il + water + emulsion siseees. 762.28 grams
501l eveeesessces 237.00 grams)
26.00 grams)
26.00 grams)

water ce..

emulsion ..

LI B B BN B BN 2



wt. Of specimcn EIC BRI B BN BN BN RN R B B BN B BN RN BN BE K B AR R B N B N N N )
Density of SpeCimeNn .cescsccscncscsscsssacssses

%Proctor Density L BB R B BN N B B BN BN R B N R RECRN AN B RN A R N ]

IN SLOT #1

— — — - —

For 11% by Wt. of 80-20 emulsion mixture

Wte Of DOW]l 4eeecccesvsccsnsvasescessoscscccscanae
Wt, of bowl + SO1l eeveevccceacccrcccnccacncace
Wte of bowl + s50il + water .c.evecececcccasnacs
Wt. of bowl + soil + water + emulsidn .ecceses
(Wte Of 5011 secaccasesee237.00 grams)
(Wt. of water ecccceceeess 26,00 grams)
(Wt. of emulsion seeeceees 26,00 grams):
Wt. of specimen ....................;.........
Density Of Specimel ecesescoscssvassscssanrsaases
% Proctor Density ceecececsccescsscacsansoccne

IN SLOT #2

Eor 12% by Wt. of 80-20 emulsion mixture
W OF DOWL 5o mas wn enns o0 655 siive sows wi's 08 vas Ko
Wte Of bowl + S01]l sevececesvrcsscccccscoscnnne
Wt of bowl + 501l + WALEr eeevcevescosscessese

Wte of bowl + s0il + water + emulsion seeceeaes

Wk, of 8Ll wnenweswsans E57.00 grams)

(Wt. of water e.cecessees 26,00 grams)

(Wt. of emulsion seeeese.es 26.00 grams)
Wt., of specimen cevesssesesvcsvensacsasscnsnas

Density of specimen ceceseccsccccsccecsssnsecas
%Proctor DenSity e * 908 580 298 %SO OO0 H e e RN

IN SLOT #3

NOTE: ATumM 1 i1s deemed not functional. I think that it is

through a crack in the polethylene tube.

58

287.74 grams
111,558/ 1t
87 9%

173,38 grams
710.38 grams
7%36.28 grams
762.28 grams

286.33 grams
111.55#/£t°
87.5%

473,38 grams
710,38 grams
736.38 grams
764 .37 grams

287.11 grams

111.30 #/£t7
87 7%

leaking



Time

—_—
Specimen 185m It 315m = 2hm k 110m
32 186  .573 300 .353 L L681 80 .269°7
2 615 1.230 - - v - " “
1 191,333 225 ,%82 50 ,77% 235 792
T Bl s S G >
Specimen 35m  k  140m  k 1%2m k 146m k 108m  k
. 35 L371 142 .376 145 408 200 508 150 515
2 - - - & - » » # - i
1 100 _1.050 320  LBLW§ - ~ 116 1,060 300 1,030
Time 4=30-76 ==mm=mmmm S 5=3=76 —mmmmmmmmmm e >
Specimen  8um  k  2z22m  k  200m  k  2LOm Xk  15%m  k
3 108 477 390 .652 158 .293 175 .271 114 .273
2 - - - .. =" 275 L5110 302 467 183 .438
1 - - - - 175 .32k 198 .306_ 121 ,289
Time Bl TG o s o W R R T ———— S
———
Specimen 155m k 122m k 62 )k 85 k 80 k 65
3 105 251 85 4258 42 .251 220 960 207 .950 173 1.03
2 150 .359 120 4364 60 .359 305 1,33 274 1,27 225 1,33
1 109 .261 88 .268 45 .269 250 1.09 231 1,07 195 1.11
Time 5-5-76 5-6-76
Specimen £5m le 2u0m  k
T3 164 .936 L4O8 o631
2 206 1,17 458 ,788
1 181 1.03 475 .73L

NOTE: Suspect

that readings from 5-3-76 and 5-4-76 are affected
by a vapor lock which reduced the head pressure, thus these

values are considered invalid. Also the readings from
5-5-76 and 5-6-76 are suspect of being affected by the
parafiin leaking around the specimen.

5-7-76

Now try 14% by Wt. of 80-20 emulsion mixture and use 240
grams-soil as base, then need 33.6 (i.e. 240 x 0.14) of emulsion

solution and 11.54 grams water.

%qtual water content

= 16%

Altual weight of Asphalt = 6.72 grams

Make up 3 samples at this specification
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Wte Of DOWL eveecesccevcasoncnnsscascssscssnes 20033 grams
Yt of Bowl + 501l cssevnonnsnvenvenssnssesoss 74033 grams
Wt. of bowl + 501l + Water cieecescssscesccess 755,37 grams
Wt. of bowl + s0il + water + emulsion ceeeseee 789.47 grams

tho of SPECimen -.-onoo--ooooOCOl--ooo--o-o-oo.aahpoo grams

Density OFf SPECIMEN +eiossesssasenssesasansens 117.5 #/17
% Proctor DenSity Pe s s E BB PRGOS ERRERIRRBIBBOEE 92.6%

Height of SDECIMEN sevesasssnssassscnssacnssne 1 7/8 inches
NOTE: Specimen compressed to 3055 psi

IN SLCT #1 -

For 14% by Wt. of soil with 80-20 emulsion mixture

Wts 0Ff BOWL snivsisianinsisinisdansivsansnsans D00:4] grams
Wte Of DOWL + S01l eveesvcossncsssoscesassnses 74041 grams
Wt. of bowl + 501l + Water cecessscescassasass 760,32 grams
Wt. of bowl + soil + water + emulsion e.ec.ee. 793.92 grams

Wte Of Breclmon sesesscasnonsssrsassunsvenssas 28?.?2 grams
Dénsity of SPECIMEN cescevasasscsssrscnssncsone 116496 #/ftB
% Proctor Density Srerserse s s eeRtetaenTe e 92¢2%

Height Df Specimen L S BN BN BE B BE BN BN BE DL BN BE R BELINCRE BN BN B BN BN O N N N ) 1 7/8 inches

IN SLQT #3

NOTE: h for tests is 230 cm L for 1&3 is 4.77 cm, & for #2 is L4460

Time
Specimen 125m k 205m k 70m k 115m k 65m ‘K

1 O.F. - 532 0,963 249 1,320 380 1.220 213 1.216
2 275 0,816 325 0,588 148 0.785 250 0,806 137 0,782
2 0.F. ~  0.F. - 1438 2.320 0,F. - 385 2,198
Time
SHécimen 125m k 95m Lk
1 483  1.434 333: 1,300
2 I00 0,891 208 0.812
3 O.F. - - S

NOTE: O0.F. means overflowed beaker
NOTE: May 11, 6:45 P.M.; obvious tome that #3 & #1 are leaking

around the specimen and that #2 is very questionable.



61

5=12-76

Maximum dry Density = 11241 #/ft”
Optimum moisture = 13,2%
Total Density = 126.90 #/ft”
Take 95% = 120.55 #/ft”
90% = 114420 #/1t>
Now try to hit 953 Proctor Density + 120 #/ft3
Wt. of 2 inches (5.08cm) specimen = 309.6 grams

Use air dry soil Wt. of 275 grams (allows a little loss in mixing)
NOTE: Air dry soil with equivalent of 1.0% now.

Now try 10% by Wt. of air dry soil of 80-20 emulsion mixture.

NOTE: Use enough water to allow adequate mixing but try to obtain
optimum moisture. (i.e. - 10% of 80% water - 20% emulsion
mixture increases water content of soil by 8%; =0 if W.A.D.S
= 1% then with 8% from emulsion 80-20 = 9%; so need equiv=-
alent of 4.2% more water).

Wte 0f mixing DOWL eeccescssssscsssnnsonssassaseses 488483 grams
Wt of miztng bowl # 5011 sevsawsesunenseonsnnnnsen 10503 Erans
Wt., of mixing bowl + 50il + WALEr eececeasncscenese 771433 grams
Wt. of mixing bowl + soil + water + emulsion seee.es 798.83 grams
Wte O 2011 sesninsens s 2700 EDEEmS
Wte Of Water eeeeescsses 740 grams
Wt. Of emulsSion eeeseses 27.5 grams
§PECIEEN DESTROEED ACCIDEETLY!!!

New Procedure, put water in with emulsion
NOTE: Use water to rinse-out bowl where emulsion mixture was into
mixing bowl with soil while watching the scale so as not to

add to much water.

M OF BOWL sas wies wns vis 54 oaiis ake uw nwn wua awe voens os B00s05 EPane
Wte OF DOWL + 501l cavescecsncscssccsccasscsssanssns 763.83 grams
Wt. of bowl + so0il + water + emulsSiOn cececessessess 502,77 grams
Wte OFf SPOCIMEN cevreareacsenssssnssansosssnsnssssesae 212414 grams
Height Of SpPECimeNn eeieccecesessesesssnsssessenssss 2 LNChes
Density 0f SPeCilMEll sssesescesevsseccisssssessecass 120,98 #/ft3
% Proctor DEnsity eseessses sosens ans o smnssevunseen IIeih
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IN SLOT #1

— = w— — =

* Two more specimens prepared with same amounts as above

Wt. oF specimen F2 wapessvnonsevnsvaasnsnesones JI1Ex99 SrOmMs
Helght of specimen #2. e wes s ves iwe vunsssnnss 2 1nthes
Density of specimen #2:ssssscessisssassanscene 121,31 lb/ft3
% Proctor Density #2 .eevsmswevewsns snwesnsomss DFbl

IN SLOT 72

? Wt. of specinen 73 ssesevowsssassvunsansnsswnn 51199 grams
Height of specimen #3 seeecceacecscscscsesseas 2 inches
Pensity of specimen #% eccceevscecccnncacan s w 120=80 lb/ft5
% Proctor Density #3 eeeesseeesssecssscessnses 95.3%

IN SLOT #3

Time
——
Specimen 96m k 77m k 60m  k 123m k 65m  k
1 182 718 148 .728 111 .,700 240 .739 125 .723

2 227 »896 188 .925 131 ,827 285 .881 143 ,833

Time
—_
Specimen 68m  k  120m  k  75m  _k
1 195 1.086 300 .947 201 1,015
2 252 1.403 385 1,247 263 1,328
3 250 1392 365 1,152 245  1.257

NOTE: Suspect all 3 specimens began to leak badly around the sides
5-14-76
For 14% by wt. of 80-20 emulsion mixture

Use wt 270 grams

air dry soil "
wt. Df bowl L B BN BN BN B OB BE BN BB BE BN BN BE BN BN BT BN B NN BN BE OB BN BN BN BN BN BN B AN B N ) 500.35 grams

WE. of bowl + S01l seeeeccccsccsenvescvsncenes 770.35 grams

Wt. of bowl + soil + water + emulsion seescess 815.42 grams
(NOTE: only 13.3%; emulsin weight = 26 grams)

Wt. Of specimen es:.cescececcssasccnsecscsssaase 313,03 grams

Hedght 0f sSpeClimen .seseesens wne san sjae wa s wi 2 inches



Density of specimen seeeceee
% Proctor Density ees

IN SL 3

IN SLOT #2

OT ;21

Same as above

Wt. of bowl

Wte of bowl + soil SeesssssecssarsetesssBsORE

Wt. of bowl +

Wt Qf specj-men LB B K O BN BN B BY BN L N BN IR BN B B BN BRI BN B B BN BN N BN BN O BN N ]
Height Of S‘Decj.men O ® P 0@ e 0 v e e e 8 s sve o e PR RO
Density of Specimen eice-ssccocsasscescsccnsnes

% Proctor UenSItTF w wae swwsmn o winre w0 s 5 siecs 456

Same as above

th Of bOWl LEC R B L B BN BN OE BN BN B B BN B BE R AR B N LN I B N I N B N N N NN )

Wt. of bowl + soil

Wte of bowl + s0il + water + emulsion eceeecees

Wt Of Epecimen .....‘.........'..'............I
Height Of Specimen LB B BN B N B B R BE BN BN A B BN BE IR BN BN B AR BN BE BRI B AN ]
DenSity of specj-men L L B B B BN BN BE AN BN B BN BN BN BN BN AN BE BN AN BN BN ll . e

% Proctor DenSity D R R R N e N Y N

IN SLOT #3

s a s s s OOy

"% 0 ® 00 e P Od e e SO eR e

® 5 QS OSSO ST ESO SISO TRE s

soil + water + emulsion sessasas
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121.36 1b/ft>

95.6%

500.33 grams

770.33% grams

815.33 grams

312.33 grams
2 inches
121.08 1b/ft’
95.L%

500.31
770.31
820.14

grams
grams

grams

315,00
2 inches
122.12 1b/ft7
96.2%

grams

NOTE: head constant at 230 cm 5-15 to 18-76
Time May 15 May 17 ==mmmmememeccccemem oo ceeeo
Specimen 130m k £2m k 75m k 120m k 1..5m k
1 82 249 90 .523 165 .869 267 .879 307 G837
2 180 547 150 .956 290 1.53 L6E5 1.535 525 1.43
3 140 425 100 637 175 .,922 273 ,800 316 ,L84A1
Time " R B R T —— >
Specimen 78mnm Ik 95m k 180m k
1 195 .958 260 i.Ob? 460 1.01C
2 5
3 185 .9%? 250 b oqo q;o LOLL



5-19-76
* Taking

64

prepared samples home to test. Make two of each (3 if

possible)

For

wt'
Wt.
Wt.

Wt.

18% by wt. of 80-20 emulsion mixture
Use 265 grams of air dry soil

of bowl sssssesseessssetnssesssedssBaeRetePR 500.26 grams
Of Bowl * S01Y e vaoe sue sous sow ne s we s v wneses 2DD2H ErHES

of bowl + s0il + water + emulsion seececsee 809.87 grams

Of specimen ® % & ¢ @ S 0 08 TP G eSS G e e E S 308.92 grams

Height of SPeCimen $esscsescess sttt esedsssennn 2 inches

Density of specimen eieceececescesccnsecscssnce 115.76 lb/ft3

% Proctor DenSity @00 s et eeesReseReat s eV Re 94.3%

REPEAT !!!

Wt.

Of Specj.men #2 20 09 0RO IV BEEN IR ERREeRLR 311'95 grams

Height Of specimen € 589 9 5P P T I A OGS RSN SR SO ainches

Density of Specimen B9 9 a8 s 08000 O HSEO AR RE eSS e e ae e 120‘93 1b/ft5

% PrOCtOr DGHSity ..-.0-.0........OQOOOCOOQO.'.. 95-5%

NOTE: These two specimens encased in wax and marked #1 and #2

respectively

For

Wt.
Wt.
Wt.

Wt.

20% by wt. of 80-20 emulsion mixture
Use 265 grams of air dry soil

of bowl e e 0 08 009 00 SR BSOS H e PO RS TSRO et 500.33 grams
Of bOWl + SOil LI B S B BN BB IR B BRI B LY B IO BN B BN Y BN B B 765.33 grams

of bowl + soil + water + emulsion ......e. 811.45 grams

Of Specj-men 88 09 %0 4 sd s b eed e eE OO TSRS RDS 310.71{- gI‘amB

Height Of SPecCimen esedeecscecceascsnaccsssasesess. 2 inches

Denglity of Bpecimel evwsavssss v smews sus enenw 1207 1b/ft3

%Proctor Density LI N R B B B BE B BB R IR B BN N BN IR B BN A NN R A BN 94-%

REPEAT 11!
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Wte Of specimenl 4 ecesccsesessassessansscasss 312.32 grams
HEight of Specimen #L!- e v eevesesssessnsssness e 2 inches
Density Of Specj-men ?{EL{‘ 4 ¢ eS8 % 289 %S e ¢S s aE SO o P acn 121.08 lb/ft3

% Proctor Density #U e.eeececseacsscccasacansss 95.4%

NOTE: These two specimens encased in wax ani marked #3 and #4

respectively

For 22% by wt. of 80-20 emulsion mixture

Use 260 grams of air dry soil
Why 08 BOWL « awe mnn wmm gwe swmenes s we ves pon sns s D00es? EPAHE
Wt of Dowl + 801l wieisisvisnvsnssvosnssnicnss 037 grams

Wt. of bowl + s0il + water + emulsion seesseee 808,37 grams

WEe 0f specimen #5 ses evs e vis said sesasanesnss 307.95 grans
Height of specimen #5 seeececcscsaccsecscnssee 2 inches
Density Of SPECIMEn #5 weueesveessnessecesanes 119239 1b/1t>
% Proctoy Density #5 ciscissismons inianssssnsa Wel®

REPEAT !!!

Wt. of specimen #6 ...................;....... 308.28 grams
Height of specimen #6 e.cecccecescscsasesseese 2 inches
Density Of SPecimen #6 v.eeeeseesesessanonsees 119,52 1b/5t°
% Proctor Densiby #6 swesssun ons siws ons sis on s Dhadd

NOTE: These two specimens encased in wax and marked #5 and #6

respectively
ALL specimens and equipment taken home and set up 5 days later

in my home basement. Pressure head = 198 centimeters

The 22% specimens (#5 & #6) were placed in the permeameter

and tried first.

Time May 25,76 ===mm==z > May 26,76 May 28 meecmmmee—eo -
Specimen 395m lc BHYGm  k 1200m k 150m k Zz20m k
5 177 206 470 .222 565 4214 165 .505 363 .520

200 .232 520 .2L6 +640 +.245 170 .520 35% 506



Time June 12,76 ~==emcemmmemceeeee o June 13,76
Snecf;en 200m k  260m  k 180m Ik 720m__ k
5 175 <401 200 .352 143 ,L,365 380 .242
6 152 .78 175 .208 127,314 350 .223

June 17th, 76

The 22% relocated at university; saturated

(head constant at 230 centimeters)
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for one day

Time June 18,76 ==-———m—mmmme e » June 19,76
Specimen  9%5m I 235m k 260m k 120m It £00m le

5 78 324 180 302 175 .266 80 263 383 .252

6 100 L1G 240 404  2L0 L3365 110 362 525 J3Lb6
Time June 21,76 =-—--mmemmmm—eeea s S
Specimen 60m Ik 160m  k Z15m k

2 30 4197 77 190 155 .194

263 95 .235 205 .257

6 L0
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The study was undertaken to determine the effect of asphalt
emulsions on the permeability of soil. A slow curing anionic
asphalt emulsion was used on a Kansas river valley silt., A
specific value was sought based on criteria set by the Environ-
mental Protection Agency and the Kansas Public Health Admini-
stration.

The emulsion was mixed with soil in a diluted form arrived
at by trial and adjustment. Each specimen was tested over a vary-
ing period of time and the permeability rate was recorded and
observed. Testing was conducted at the Kansas State University
Civil Engineering Soils Laboratory.

The study showed that slow curing anionic asphalt emulsion
can be used to affect the permeability rate of the soil tested.
The overall affect observed was one of a reduced permeability
rate with the addition of the emulsion. The specific permea-
bility rate sought for was attained within tolerable limits.

The study also showed that the time effect on permeability was one
of'only moderate decreased permeability rate with increasing

time. The study also showed that a decrease in permeability

rate was observed with increasing amounts of emulsion added to

the soil,



