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Pulp and paper mill wastes, particularly sulphite waste liquor, have
presented one of the most important and difficult problems both quantita
tively and qualitatively in industrial waste disposal in the Pacific
Northwest.

The impoundment of sulphite waste liquor in ponds during perioas of
low receiving stream flow with release during high flow periods would
serve as an economical temporary solution to the problem of stream
pollution attributable to this waste until uses or more economical
disposal means are found for this waste.

The purpose of the study was to determine whether an asphalt membrane
of the type used for reduction of seepage in irrigation canals and in
other hydraulic structures could be successfully employed in rendering
impermeable the earthwork interior surfaces of pulp and paper mill
waste retention ponds.

Investigations were made under both laboratory and field conditions.
Laboratory investigations consisted of subjecting asphalt membranes of

eleven different thicknesses from l/2 inch to l/32 inch to varied
conditions in an effort to produce failure of the asphalt membrane. Means
were provided to observe seepage and evaporation losses were recorded.

A field test pond, fifty feet square and ten feet deep, having side
slopes of two horizontally to one vertically, was constructed to test

actual field conditions of asphalt membrane application and pond operation.
Ground water test pipes and a sump under the test pond were used and

provided a means by which the sulphite waste liquor content of the ground
water could be found and seepage flow determined. A record was also kept
of the liquid level in the pond and evaporation loss in order to indicate
losses.

Neither failure of the membrane nor seepage loss were noted in any
of the laboratory tests.

Seepage was noted in the field test pond when it was partially filled
with water as a test. An attempt was made to locate and patch existing
holes in the membrane. Reduction of seepage was noted, but complete
elimination was not accomplished. Sealing of the remaining holes by
means of the pulp fiber remaining in the sulphite waste liquor was
attempted.

Resistance of the asphaltic material to chemical effects of the

sulphite waste liquor during the laboratory test period was considered
excellent. However, drying of sulphite waste liquor on the asphalt
membrane in the field while exposed to direct sunlight produced serious
cracks in the membrane indicating protection to be necessary under
certain conditions.

During the five month period of laboratory testing, the pH of the

liquor did not rise above pH 1*.0.

It is expected that this low pH value

would act as an inhibiting agent to bacterial growth. No odors other
than those normally associated with sulphite waste liquor were produced
during this period.

The results of the tests indicate that the asphaltic material might
provide an economical solution to the problem if satisfactory means of
preparing the earth surface and for spraying the membrane were provided.
Ground water conditions and protection of the slopes should also be
taken into consideration.

Diagrams and pictures of both laboratory and field tests are
presented.

Progress pictures of the entire field test are included.
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r:L'HE PENETRATION OF SULPHITE WASTE LIQUOR
THROUGH ASPHALT MEMBRANES
SE CTION I
INTRODUCTION
A.

INTRODUCTION.

During the past decade a most phe

nomenal growth of industry and of population has occurred
in the Pacific Northwest .

With·this present rate of expan

sion and the introduction of new industries brought ab out
by the development of power and other natural resources,
there is every reason to expect a comparable or even greater
growth in future years.
This expansion and migration in the Northwest has in
creased the magnitude of the problems a s sociated with
providing adequate water supplies of good quality, and
facilities for effectively disposing of wastes.

When con

sidering the receiving stream, water supp ly and waste
disposal are inseparab le parts of the same problem.
The problem of wastes in modern civilization has been
of growing importance.

However, until recently, the

United States, as a nation, has been prone to ignore the
results of continued degradation of its streams.

Increased

costs of domestic and industrial water treatment, disappear
ance of the fish population, cessation of recreational
possibilities and increased disease hazards have resulted,
and only wh en conditions have become nearly intolerable
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have citizens been moved to action to abate stream pollu
tion.
Recently there has been a tendency toward definite
action in the direction of pollution abatement.

Recogni

tion of the problem and the need for prompt action toward
solution has brought about the formation of state sanitary
authorities, joint authorities between states and even
nations, compacts and agreements between states occupying
a common drainage basin, and has culminated in the passage
in 1948 of Public Law 845 providing for the control and
abatement of pollution as a matter of public policy.
Federal and state governments, and industry have organized
research movements by providing funds to investigate means
of pollution abatement through organizations such as the
National Council for Stream Improvement, by sponsoring
research in colleges and universities, and by endeavoring
in other ways to find practical means of solution to the
problem.
The common aim of the combined efforts now being put
forth are in the direction of returning to the streams of
the nation some me a sure of their original purity to the
mutual benefit of all.
B.

IDMESTIC AND INDUSTRIAL WASTES.

The term, pollu

tion, may be generally defined as the discharge of materi
als into a watercourse of such quality and quantity as to

3

render the body of water objectionable in appearance or
cause it to give off offensive odors.

(14, pp.l6-18)

Pollutional materials may oe classified according to
their origin into the following types:
1.

Sewage or domestic waste is the spent water

supply of a community used to convey away from habitations
excrement, wash waters, and other waste materials contain
ing large quantities of organic matter and bacteria.
2.

Industrial wastes are the spent or waste

liquors and solids from industrial processes which may be
oily, highly acid, highly putrescible, high in oxygen
depletion characteristics, or contain materials toxic to
the natural flora and fauna of the stream.
3.

Surface drainage or agricultural pollution is

that from inhabited areas which may include organic matter
from farmyards and fields or other contaminating materials
and bacteria from the watershed.
The stabilization of wastes of

~y

kind, domestic as

well as industrial, is brought about primarily by bacteria
and other microorganisms which use the nutrients found in
these substances for food.

Additional stabilization is

accomplished in a more strictly chemical manner rather
than by the action of organisms; yet both are extremely
complicated and may even be interrelated.

It is known

that the reactions tending toward stabilization are
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oxidative in nature and are analagous to combustion.
There is also a definite quantitative relationship between
the quantity and nature of the oxidizable substances pre
sent and the amount of oxygen which is required for their
complete stabilization.

This measure of the oxidizability

of a substance under biochemical conditions is known as
its Biochemical Oxygen Demand, or simply its B.O.D.
(14, p.71)

The concept of the B.O.D. of substances affords a
very valuable measure Whereby the pollutional effects of
various substances may b e predicted or compared.
C.

QUALITY AND QUANTITY OF PULP AND PAPER WASTES.

The paper industry is one of the larger industries that
produces great quantities of troublesome wastes.

Wood

pulp accounts for approximately 90 per cent of the
products of this industry.
In the manufacturing process the raw materials are
first reduced to pulp by grinding or cutting.

This mate

rial is then cooked to aid in the removal of intercellular
materials which are undesirable in the production of pulp.
The three principal processes of pulp manufacture are:
the sulphite, the sulphate, and the soda processes.
( 1, p. 544)

Sulphite pulp and paper is made by the chemical diges
tion of chipped fir, spruce and hemlock woods at elevated
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temperature and pressure.

D1gestion is accomplished in

the extraction by sulphurous acid and calcium bisulphite
of the polysaccharides, resins, and lignins which bind the
cellulose fibers of the wood together.
Upon completion of the digestion period, the mixture
of liquor and fibers is drawn off into the blow pit which
has a perforated bottom to allow the spent cooking liquor
or sulphite waste liquor to pass through to disposal.

The

pulp is washed until the desired degree of waste liquor
removal has been accomplished and is then ready for further
processing into various paper products.
The amount of concentrated digester liquor used per
ton of pulp and remaining as sulphite waste liquor varies
between 1600 and 2500 gallons.

Washwater used to extract

the sulphite waste liquor from the pulp may run as high as
6000 to 10,000 gallons per ton of pulp.

Total waste water

may average 75,000 gallons per ton of pulp produced.
(6, p.210)

Not only are high concentrations of pollutional

materials present in this waste, but the total volume pro
duced is one of the largest for any industrial waste.
The high population equivalent of sulphite waste
liquor, given as from 2000 to 3000 persons per ton of pulp,
gives some conception of the importru1ce of disposal prob
lems involved in treating this waste.

Plants producing

from 100 to 500 tons of sulphite pulp. daily would thus
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have disposal problems comparable to cities with popula
tions of from 200,000 to 1,500,000.

(16, p.70)

In the state of Washington in 1949, the total pulp
and paper mill wastes alone were estimated to be the
equivalent of 10,000,000 people or about eight times the
domestic sewage load in the streams and tide waters of
the state.
The aggregate of all other industries in the state
was much lower than the pulp and paper mill waste, probably
in the neighborhood of 2.5 million or equivalent to twice

the domestic sewage load.

( 5, p . 20)

A similar situation exists on Oregon's Willamette
River where sulphite pulp and paper mills discharge wastes
which are equivalent to approximately 6.5 times the oxygen
demand placed upon the river by untreated domestic sewage
and sewage effluents.

(11, p.3)

The problem of pulp and paper mill wastes is neither
new nor is it restricted to the Pacific lorthwest, but is
divided among 34 states of the United States in which the
presence of raw materials and other factors has made
sible the development of the industry.
D.

pos~

(1, p.544)

EFFECTS OF WASTES ON THE RECEIVING STREAM .

Al

though not all streams are polluted, major streams are
gravely affected, and the problem has become one of na
tional importance.

Pollution is a factor that already
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affects or eventually will affect all water resources
development whether it be for flood control, irrigation,
hydroelectric power, municipal or industrial use, or
recreation.

(15, p. 185)

Every stream or other body of water has a certain
limited capacity to dispose of sewage and other organic
wastes.

Utilization of this capacity must be paid for

either by partial degradation of the body of water or ac
tual production of certain nuisances associated with com
plete degradation.
The effect of pulp and paper mill wastes on the stream
is to reduce its dissolved oxygen by the presence of sul
phur dioxide and other materials; to increase its B.O.D.
by the suspended and dissolved organic matter introduced;
to lower the pH of the stream by the acid reaction of the
spent liquor; to inhibit fish life and to disfigure its
appearance by discoloration and production of a frothy
scum.
E.

OREGON STATE SANITARY AUTHORITY.

The growing

demand and quite evident need for abatement of pollution
in Oregon streams brought about the formation of the
Oregon State Sanitary Authority in February, 1939, whose
duty it became to act as a fact-finding and regulatory
body in accordance with the established public policy of
the state.
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The public policy of the state includes preservation
of the natural purity of the waters of all rivers and
streams in the interest of public welfare, health, and
recreation, and for the protection and conservation of
fish and wildlife.

The public policy further encouraged

the cooperation of the municipalities and industries in
conformance with the requirements of public policy.
(11, p.l)
Extensive investigation and research by the Authority
led to the finding of facts regarding the nature and ex
tent of pollution in the watercourses of the state and
measures required for definite alleviation of the existing
condi tiona.
Because of the low quantity of flow in rivers during
the summer and early fall, depletion of oxygen caused by
the discharge of untreated domestic and industrial wastes
was described by the Sanitary Authority to have reached a
point at which fish and aquatic life could not survive.
Research investigations revealed that while domestic
wastes were a cause of some oxygen depletion, industrial
wastes, particularly those of the pulp and paper industry,
placed the greatest demand for oxygen on the streams of
this region.
It was decided after careful study that elimination of
these wastes from streams during the period from July 1 to
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October 1 of each year or at any other time when the flow
of the rivers was less than a certain predetermined quan
tity, was necessary to a prompt solution of the prob lem.
Notification of this fact was made to the responsible
industries and a da te set for compliance with t he provi
sions of the order.
Review of developments in the pollution abatement
program make it apparent that municipalities and industries
face the responsibility of initiating corrective measures
which will effectively deal with the pro b lem.
Already a number of municipalities have installed
treatment facilities for their wastes and others have
plants in the planning stage.

Res ponsible pulp and paper

manufacturers, aware of the portion of the problem
created by their wastes and eager for an early solution
to their disposal problems, have been compiling data in
order to determine which method of disposal is more
suitable to t h eir own particular problems.

(11, pp.2-7)
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SECTIO N II
DISPO SAL P:OO BLEM OF SU LPHITE WASTE LI QUOR
A.

a>ME CHARACTERISTICS OF SULPHI TE WASTE LI QUOR.

In the digestion of wood materials by the sulphite process,
approximately 50 per cent by dry wei ght of the wood is
dissolved out into the cooking liquor to b e wasted away
in the spent sulphite waste liquor.

It is thus seen that

for every ton of pulp produced, approximately a ton of
organic materials is dissolved in t he sulphite waste
liquor.

The waste liquor is a very complex material hav

ing a high biochemical oxygen demand which may vary
between 16,000 and 25,000 par ts per million.
ference is due to the fact that it is

a~n ost

This dif
impossible to

obtain samples undiluted with wash water.
Total solids content of the sulphite waste liquor
varies from 10 to 12 per cent ·or up to 120,000 parts per
million dependin g upon digestion period and the mill.

As

sta ted above, a very high percentage of the solid s content
is dissolved materials which frequently accounts for
nearl y all of t he solids present.

A t yp ical solids deter

mi nation might indicate t ha t of a total solids content of
10 per cent, only 0.01 per cent wer e accounted for as
suspended solids.
I

The pH of the liquor' varies b etween

3.0 and 3.3, and the specific gravity is approximately
1.05.

(4, p.31)
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Because of the complexity of the liquor, the B.O.D.
is a composite of the demands of the various components,
each having its peculiar rate of breakdown.

These materi

als include free and combined sulphur dioxide, volatile
acids, alcohols, acetone, furfural, sugars, and lignin.
The B.O.D. of sulphite waste liquor is a complex problem
involving components on many of which information is
entirely lacking or very meager.

(17, p.710)

More is known concerning the rate of breakdown or
B.O.D. of the sugars than any of the other components,
but even this information is far from being complete.

The

tests for sugars in a waste such as sulphite waste liquor
are unsatisfactory to the extent that they do not differ
entiate between sugars an d other substances which react
in the same way as sugars.
Lignin breaks down much more slowly than do the
sugars and its eff ects develop over a longer period of
time resulting in delayed oxygen depletion downstream.
While the B.O.D. does not necessarily indicate
exactly the conditions in t he stream, the relative strength
of the waste with respect to other wastes may be deter
mined.
Because of the complexity and large quantity of the
sulphite liquor, great difficulty has been experienced in
experimentation to find uses or satisfactory disposal

--- ----------· -------

----- - - - - - - - - - --
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methods for the thousands of tons of material which are
discarded from pulp and paper mills dm ly in the sulphite
waste liquor.
B.

METHODS OF OOLUTION.

To the manufacturer, the

waste is, until soo1e economic use or recovery method has
been developed for it, a liability to be disposed of at
the least expense.

In the final analysis, it is evident

that alleviation of pollution can never b e as economical
as utilization of the waste itself in the production of
useful economic products.

Often the development of prod

ucts from wastes has resulted in reduction of the costs
of waste treatment and even in profit for the industry
concerned.
Limited use has been found for the liquor as a bind
ing material, adhesive and sizing material, tanning agent,
soil improvement material, and as a raw material for al
cohol production, but only a very small percentage of the
sulphite waste liquor can be absorbed for these uses.
However, the possibility exists that the wastes from sul
phite pulp mills may eventually b e treated in such a
manner that more useful products will result.
S ixty years of experimentation by research groups and
the industry throughout the world have resulted in many
processes and thousands of patents, but no universally
satisfactory process for the solution of the sulphite
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waste liquor problem.

(10, p.l8)

Although several

processes have been evolved, which, under certain condi
tions, would permit the treatment or utilization of sul
phite waste liquor, duplication of these conditions for
actual operation has presented great economic problems.
A study of the comparative cost increases which
would be made necessary per ton of pulp produced for vari
ous methods of disposal of sulphite waste liquor was made
recently by Oregon State College engineers.

Results of

this study show the method of lagooning to be by far the
most economical of all methods which may be considered at
the present time.

(8, p.33)

Type of Process
Lagooning

Cost/Ton

$ 1.56

Precipitation and filtration

5.37

Heat hydrolysis

7.37

Evaporation and burning
(lime base)

9.45

Burning (soda base)

10.80

Magnesium process

12.23

Burning (ammonia b ase)

13.00

C.

TEMPrrRARY ALLEVIATION BY LAGOONING.

A tempo

rary solution to the problem of pollution attributable to
sulphite waste liquor is needed until economic uses for
the material or less costly means of disposal of the
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liquor are developed.

Since dilution plays the largest

part in disposal of sulphite waste liquor in streams, it
would be necessary in many instances to reduce or eliminate
the liquor discharge only during periods of low stream
flow when the stream cannot dispose of the waste without
critical depletion of the dissolved oxygen.
If the discharge of sulphite waste liquor into
streams is to be curtailed or eliminated at certain peri
ods, the logical means for accomplishing this purpose is
storage of the liquor in ponds until such time as the
stream would again have a quantity of flow large enough to
provide sufficient dilution .

In Oregon, lagooning would

take place during the months of July, August, September,
and October when flow in rivers is at its loVTest and the
temperature is the highest, with release of the liquor
during the winter months of high stream flow.
D1scharge of sulphite waste liquor into storage
basins, ponds, or lagoons would provide several advantages.
1.

It would serve to retain the wastes over

considerable periods of time until more suitable stream
conditions would permit discharge without creating undue
pollution .
2.

Intermittent discharge of strong wastes

causing a "shock" of pollutional loading in the stream
could be eliminated to permit gradual discharge.
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3.

Retention periods would permit separation of

suspended solids prior to discharge and thus reduce part
of the B.O .D.
4.

Sufficient time of retention may permit

natural purification pro cesses to effectively reduce the
oxygen consuming content of the wastes, with or without
the addition of supplemental materials to hasten the
purification.
D.

(9, p.2)

PROBLEMS

I NVOLVr.;D IN LAGOONING .

The fact has

been established that, under certain conditions, the
lagoon method of waste retention may be successfully ap
plied to industrial wastes such as t hose of canneries, the
oil industry, chemical producers, and the pulp and paper
industry.
However, the lagooning method of temporary solution
to the sulphite waste liquor problem is not without its
related problems .

Thorough investigation of all possible

factors entering into size, location, construction, opera
tion, and cost should be made b efore any definite indica
tion of the practicality of t his method of solution can be
relied upon for any particular mill .
Availability, at nominal cost, of sufficient land to
accommodate the lagoon is of primary importance.

Location

of the lagoon at a distance from dwellings and with respect
to the wind must also be considered.

The odor of sulphite
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waste liquor at any stage o f storage may b e a source of
comp laint from ne a r b y residents and s hould be anticipated
before si t e selection is ma de.
Bacterial action in the sulphite liquor p ond and re
sultant odors are not expected if t he pH of the liquor
remains b elow a value of 4.0.

The usual optimum pH ran ge

for bacteria is b etween pH 6.0 and 8.2 with a limiting
r an ge of 5.0 to 9.0; spores germinate b etter at pH of
6.0 to 7.2.

(20, p .l76)

If the pH tended to rise during

stora ge, acid could possibly be used as a pH depressant to
inhibit bacterial action.
Fungi, molds, and yeasts exist at pH values lower
than 4.0 but they are not expected to produce any objection
ab le action.
Soil t yp es and geological structure of the area may
enter into consideration and be a complicating factor in
site selection.

The p resence of porous soils, soft or

broken rock and cra cks which may allow seepage demand
thorough investi gation.
The type of soil is perhaps the most important of all
factors since, in the final analysis, earth will, in most
cases, b e the least expensive construction material.

Meth

ods must b e emp loyed to render this material impervious to
penetration by the sulphite waste liquor so that the liquor
does not create problems such as deterioration of well
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water quality in the vicinity, and seepage to nearby
streams.
Seepage may be controlled or prevented in several
different ways.

Underdrainage of the ' pond and control of

the seepage liquor is one method Which could be used.
paction at optimum moisture content of

~

Com

soil having good

particle gradation may be employed to achieve maximum
density and prevent seepage.

If soils are porous, certain

fine or expansive soils or other materials may be added to
fill these voids.

A mat of fine, impervious soil material

may be applied to the surface of a porous soil to produce
sealing.

Finally, surface application of such materials as

asphalt, bituminous mixes, and Portland cement concrete
which are employed for seepage control in permanent struc
tures such as reservoirs may also be used.
However, due to the fact that sulphite waste liquor
has a low surface tension, its ab ility to pass through
even dense soils is considerable.

The liquor also exerts

a shrinking action on many soils which promotes ease of
penetration.

Most of the common sealing methods have,

therefore, proven inadequate since in time the ground be
comes pervious to the liquor, and seepage occurs. (7, p.8)
Portland cement concrete and bituminous mixes used
for this purpose would both be exceedingly high in cost.
Furthermore, the Portland cement concrete would possibly
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be acted upon by constituents of sulphite waste liquor.
An impermeable membrane of a material such as asphalt
would possibly eliminate seepage and be comparatively
economical to construct.
E.

PURPOSE OF THE INVESTIGATION .

Many investigations

have been carried out in the development of asphaltic bitu
mens capable of reducin g or eliminating seepage through the
walls of irrigation canals and reservoirs because of the
considerable losses occurring when these structures are
located in or pass through pervious soils.

According to

the Bureau of Reclamation, which was instrumental in ini
tiating a program for investigation of these problems and
materials through its Lower-Coast Canal Lining Program,
"seepa ge losses may be and have been satisfactorily
reduced through installation of relatively impervious
linings or by special treatment."

(19, p .1)

It follows f rom the successful use of asphalt for
reduction of seepage in canals and other hydraulic struc
tures that the use of this material may be beneficially
extended to other rela ted fields and particularly as a
low-cost membrane application in the construction of ponds
for impounding industrial wastes .
If such a membrane could be made impermeable, it
would eliminate seepage of the wastes to the surrounding
soil and nearby wate rcourses and thus tend to solve the
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pollution problem presented by sulphite waste liquor
until other and economic uses for the material can be
found.
A program was therefore set up under the joint coop
eration of the Oregon State Sanitary Authority, the
Publishers 1 Paper Company of Oregon City, the Asphalt
Institute, and the Civil Engineering Department of Oregon
State Colle ge for the purpose of investigating the possible
use of this rna terial for rendering impermeable the e arth
work retaining embankments and bottoms of sulphite waste
liquor retention lagoons.
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SECTION III
METHOD

A.

USE

OF ASPHALT AS A MEMBRANE LINING FOR LAGOONS.

Since asphalt is the principal material with which this
study is concerned, its physical and chemical properties
are of prime importance.
1.

Physical Characteristics.

Asphaltic bitumen

is a dark, highly viscous to almost solid substance, con
sisting of hydrocarbons and their derivatives, which is
obtained as a residue in the fractional distillation of
crude oil.

The elimination of volatile components is

often combined with chemical treatment, chiefly oxidation.
This treatment is carried out by blowing air through a dis
tillation residue to form a b lown asphaltic bitumen rather
than a residual asphaltic bitumen.
Recently it has b een found that the addition of some
type of catalyst such as ferric chloride or phosphorous
pentoxide during the b lowing operation has a tendency to
develop resilience in the material and lower its tempera
ture susceptibility.

It is with these catalytically

blown asphaltic bitumens that this project is particularly
concerned because of their use in hydraulic structures.
All asphaltic bitumens may be considered to be thermo
plastics, exhibiting the tendency to become plastic with
increased temperatures.

At thin liquid consistency,
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however, all bitumens behave like liquids and any physical
differences disappear.

(12, p.49)

The softening point is the temperature at which the
bitumen possesses a consistency conforming to conventional
standards such as the Ring and Ball softening point.

The

penetration is the depth to which a standard needle under
a standard load penetrates the sample at a specified tem
perature.

The relationship between the penetration and

the penetration time provides a rough means of determining
the type of bitumen.
The capacity of bitumen to absorb water is of great
significance in many of its uses, particularly that with
which this project is concerned.
a.

By normal solubility.

It may absorb water:
Upon contact with

saturated vapor, this is about 0.001 to 0.01 per cent.
b.

As a result of the presence of very small

quantities of water soluble salts.
c.

As a result of fillers in the bitumen.

Fillers are able to absorb certain quantities of water
depending upon the composition and granular size of the
fillers.

As opposed to wa ter absorption due to salt,

water absorption by fillers cannot exceed a certain maxi
mum amount.
The water absorption of a bitumen layer of 5 milli
meters thickness after 10 years contact with tapwater, can
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be calculated to be 3 to 4 per cent for a blown bitumen
and less than 1 per cent for a hard residual asphaltic
bitumen.

In general, great brittleness goes hand in hand

with a relatively low rate of water absorption and vice
versa.

(12, p.271)

The diffusion of water in bitumen and hence the water
permeability of bitumen is sli ght when the bitumen is a
homogeneous layer.
meability:

Two factors account for this low per

the solubility of the water in the bitumen is

slight, and the viscosity of the bitumen is high.

Only if

the b itumen contains drops of a salt solution or water
attracting filler will the water permeability of the
material be substantially increased.

It may be concluded,

then, that the permeability characteristics of a bitumen
may be directly affected by its degree of purity and the
type of impurities which may be present.
This quality of low permeability to water would seem
to indicate tha t permeability to other liquids might be
much the same except for those liquids in which the bitumen
is soluble.
2.

Chemical Characteristics.

Owing to the com

p licated composition of asphaltic bitumen, it has not been
possible to establish the exact composition of the com
pounds.

It is known, however, that asphalt is a mixture

of hydrocarbons and compound s of a predominately
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hydrocarbon nature, varying both chemically and in molecu
lar size.

The derivatives may contain sulphur, oxygen,

nitrogen, metals, and other substances.

In general,

asphaltic bitumen is prepared only from crude oils rich in
aromatic and naphthene compounds.

(12, p.?)

At atmospheric temperatures, asphaltic bitumen is
generally highly resistant to many agents, but under
special conditions it will react with some chemicals.

At

higher temperatures, asphaltic bitumen can react with
various elements such as oxygen, chlorine, sulphur, and
others, and this property is utilized in the preparation of
special types of bitumen.

The heating of bitumen to higher

temperatures (300° to 3500 centigrade) results in the
breakdown of the molecules to other forms which may
adversely affect its quality for certain uses.

(12, p.l09)

Bitumen is often exposed to the action of air and
light, but the contact with these atmospheric conditions
is limited to the surface of the layer.

At a depth of

50 microns in the bitumen, light intensity has been re
duced to 1 per cent, and oxygen can only reach the interior
at a very low rate because of the high consistency of the
material.

These factors contribute to the resistance of

the bitumen layer to atmospheric influences.

(12, p.ll4)

Under certain circumstances, a change in the surface
composition due to the effects of oxidation by light may
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cause cracking which will expose portions well below the
surface.

Such oxidation susceptibility may be protected

against by use of some form of earth cover.
Asphaltic bitumen is used to protect materials from
the action of acids at normal temperature but its resist
ance depends upon the concentration of the acid.

Concen

trated acids generally attack bitumens while many bitumens
are apparently resistant to dilute acids since they show
no visible changes after prolonged periods of use as
protective coatings.
Asphaltic bitumen will withstand attack by 50 per cent
sulphuric acid for years at atmospheric temperatures and
is highly resistant to long-term exposure to concentrated
hydrochloric acid at normal temperatures.

It is, however,

not resistant to nitric acid nor concentrations of alkalis.
Asphaltic bitumen may also be used for protection against
neutral salts and solutions of organic acids as long as
these do not dissolve in the bitumen.
3.

(12, p.ll8)

Laboratory Tests of Asphalt Used. Laboratory

tests of material used were considered necessary in order
to determine whether specifications of the Bureau of
Reclamation for asphalt membrane material were met.
(18, p.l2)

Two separate batches of asphalt were sup plied to the
project enabling cmnclusions regarding the uniformity of
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of the material .

Samp le I was taken from the original

material used in the laboratory membrane tests and the
original field application, while Sample II was that sup
plied a short time later for u·s e as patching material .
Both samples were tested by the Oregon State Highway
Connnission.

Sam£le I. SamJ2le II

Tests
Flash point

(c.o.c.)

460° F .

Penetration at 770 F.,
100 grams, 5 sec.

450° F.

Bureau of
Reclmation
Specifications
425° F.

43

43

50-60

Penetration at 32 F.,
200 grams, 60 sec.

27

28

30 minimum

Penetration at 115° F.,
50 grams, 5 sec.

80

81

120 maximum

0

Softening point (R & B)

194.0° F. 181.040 F.

Bitumen (soluble in
carbon tetrachloride)

B.

99.49

LABORATORY INVESTIGATIONS.

99.77

175-200° F.
97.0

The laboratory inves

tigations were performed to make observations of the
effects which various sets of controlled conditions would
have upon asphalt membranes and to observe the type and
extent of failures, recording insofar as possible the
reasons for such failures.
The main portion of the laboratory testing of mem
branes was performed by the use of seven stainless steel
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pipes, six inches in diameter and eleven feet in length
which were p laced in a vertical position in order to
apply hydrostatic pressure to the test membranes.

Figure

1 shows a general view of the laboratory test pipes, and

Figure 2, the construction of the pipe tests.

1.

Casting Membranes.

A tecm1ique was developed

for obtaining membrane sections of uniform thickness for
laboratory tests by using a shallow, flat bottom pan nine
inches in diameter.

The weight of a nine-inch section of

asphalt membrane was computed for each t h ickness used and
was weighed into the pan while hot with an insert of paper
used as a pan lining for ease of removal.

Pan and asphalt

were returned to the oven for a few minutes to allow even
spreading and were then removed to a level surface for
cooling.

All membranes cast in this manner were measured

by calipers to check on the attainment of the desired
thickness.

Samples were rejected as unfit for use on the

basis of uneveness, bubbles , pits, and my other irregu
larities.
In order that optimum thickness of a practical,
durable and workable type of membrane could be determined ,
various thicknesses were tried in the laboratory to find
a thickness at which failure would occur under various
sets of conditions.
were tested:

Membranes of the following thicknesses

l/2 inch, 7/16 inch, 3/8 inch, 5/16 inch,
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Figure 1
Pipes for Laboratory Membrane Tests
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29
1/4 inch, 3/16 inch, 1/8 inch, 1/16 inch, l/32 inch.

The

membrane of 1/32 inch was the thinnest tested because of
attendant fabrication difficulties in obtaining uniform
t l1iclme ss.
2.

Te sting pf Membranes under Varied Conditions.

All tests in vertical pipes were run under a static head
of water of 10 feet for 24 to 48 hours to determine initial
watertightness.

After this period all water was removed

and a static head of sulphite waste liquor of 10 feet was
applied.
It was not considered ne cessary to vary the head
since, as explained in Section IV, the first few applica
tions of head by increments showed n o effect.
Record of evaporation loss was obtained by weighing
a can of six inches diameter at regular intervals.

Seepage

loss was checked visually through the plastic material at
the base of the p ipe.
Temperature of the liquor above a 1/4 inch membrane
and 1/16 inch membrane was alternately increased to
140°- 160° Fahrenheit and allowed to return to the labo
ratory temperature of 650- 90° Fahrenheit to determine
whether failure could be induced in this manner.
Since the membrane would necessarily be in long
period contact with sulphite waste liquor, the effects of
this contact and possible formation of any combination
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of substances at the interface b etween the sulphite liquor
and the asphalt membrane were noted.
Change in pH of the liquor in all pipes was checked
periodically to determine the effects, if any, of storage
of the liquor at temp eratures favorable to bacteria.

Tem

peratures i n the laooratory vary b etween 65°- 90° Fahren
heit and simula te summer conditions fairly well with the
exception of direct sunli ght which may have some effects.
Odors at the exposed surface of the liquor in pipes
were also checked periodically to determine whether any
noxious odors were being produced.
C.

FIELD INVESTIGATIONS.

The field investigations

simula ted as nearly as p ossible, on a small scale, the
construction and operation of a lagoon.

The field test

was located on the property of the Publishers' Paper
Company at Willamette, Oregon.
The 10 foot static head of liquor expected to be used
in actual structures, and the maintenance of side slopes
to not more than 2 to 1 indicated the general size of the
field test pit.

The dimensions of the test pond were 50

feet square and 10 feet deep; the general conformation of
the interior represented an inverted truncated pyramid.
Figure 3 illustrat es the layout of the lagoon.
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1.

Earthwork.

Construction of the field test

earthwork was begun on November 10, 1950, and completed
within four days.

Soil materials encountered were one

foot of dark friable topsoil underlaid by silty clay.
The procedure was to excavate, form slopes, roll and
drag with a crawler bulldozer, and fine-grade to the
desired 2 to l slope by hand as shown in Figure 4.

General

moisture condition of the soil was considered good.
2.

Precipitation Effects and Protective Covering.

Heavy and continued rain immediately following completion
of the earthwork made fine grading of slopes impossible
and threatened to force postponement of work.

Water had

reached a depth of 4 feet in the lagoon when the photo
graph of Figure 5 was taken, and the newly completed earth
work was badly eroded and presented a very cloddy, uneven
surface.
As shown in Figure 6, much of the fine material
component of the soil was eroded to the bottom of the
excavation leaving gullies several inches deep in the
slopes.
In order to allow work on the project to proceed and
to eliminate confused results which precipitation would
introduce into calculations of seepage from the pond, a
protective covering was placed over the pond area as
shown in . Figures 7 and 8.

33

Figure 4
Construction of the Test Pond

Figure 5
Precipitation ~ff ects
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Fi gure 6
Erosion of Pond Side Slopes

Figure 7
Framework and Canvas Pond Covering
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Figure 8
Interior of Pond after Covering
Showin g Poor Condition of Slopes
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3.

Membrane Application.

Before the asphalt was

applied, the surfaces of the slope s were made as smooth as
possible.

In order to level the clods of wet soil, concrete

aggregate sand was distributed to a depth of 1/4 inch to 1/2
inch or more and raked.

Figure 9 shows the finished condi

tion of the slope ready for application of the membrane.
Application of the membrane was accomplished by use
of a trailer type distributor shown in Figure 10 which was
centrally located above the application area by rolling out
on the log roofing framework.

The asphalt distributor was

equipped with a small gasoline pump to provide liquid
asphalt under pressure to a single hose line.

A hand spray

bar equipped with a single nozzle was used for distribu
tion of the asphalt.

Temperature was controlled by reading

a thermometer which was encased in a pipe in the center of
the mass of asphalt, and making subsequent adjustments in
h eat application.
The membrane was applied by covering the surface
systematically by two or three passes locally with the
spray bar.

The asphalt was ap plied at an estimated rate

of 1.5 gallons per square yard, or until a thickness of
1/4 inch to 3/8 inch had b een obtained.

Samples were taken

at random to indicate the thickness obtained.
Planks were used throughout the process of application
as shown in Figure 11 to prevent marring the surface
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Figure 9
Preparation of Slope Surface
by Levelin g with Sand
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Figure 10
Distributor in Position for Spraying

Figure 11

Application of Asphalt Membrane
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although the operator found it necessary to leave them at
times.
Good to excellent coverage and quality of membrane
were obtained over most of the areas as indicated by five
sample cuts of the membrane taken at random points.

One

of these samples is shown in Figure 12 and illustrates
the generally satisfactor y app lications which were obtained.
However, t here were some areas which, because of their dark
appearance, seemed to be covered, but which on close in
spection were found to be a lacework of material with no
continuous membrane formed as shown in Figure 13.

Such

spots comprised a very minor area and were later patched.
The completed membrane is s hown in Figures 14 and 15 .
It can b e seen that, due to care taken in fine grading ,
the membrane was of a generally smooth character.

Darker

material is that used in patc hing bottom of pond as ex
plained later.
4.

Ground Water Problem and Solution.

Ground

water seepage, even though slight, had a tendency to float
the membrane after it wa s sprayed in the bottom of the
test lagoon .

Cracks in the bottom of the lagoon permitted

ground water to come through a s shown in Figure 16 .

A

sample of t he aff ecte d area is shown in Figure 17 with
typical cracks shown at the near edge and right side of
the sample .
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Figure 12
Sampling Thickness of the Membrane
Good Coverage

Figure 13
Thinly Covered Area
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Figure 14

General View of Completed Application

Figure 15

Patching of Membrane in Progress
In Foreground
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Figure 16
Ground Water Entering Pond after
Rup ture of the Membrane

Figure 17
Cracks Produced in Membrane
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In order to relieve hydrostatic pressure due to
ground water seepage under the membr ane, a box-type sump
with dimensions of 30 inches by 30 inches by 36 inches was
construc-ted under the bottom of the p ond center as shown
in Figure 18.

The sump was backfilled with coarse gravel

to provide vertical support to the pond bottom and was
cribbed to provide lateral support to the surrounding
earth.

A pipe of 2 1/2 inches diameter was p laced immedi

ately below t he slope surface on t he west side of the pond
extending from the top of the berm to the center of the
gravel in t h e sump .

This p ipe was used to evacuate ground

water under the membra ne and provide a point at which
samp les from the sump could be taken to indic a te seepa ge
when the lagoon was filled with sulphite waste liquor .
The entire pipe excavation wa s carefully backfilled and
tamped be .fore being re-covered by the asphalt mat erial .
Care was taken to insure a good bond between the existing
asphalt and t he newly app lied material.
Figure 19 shows the area re p laced over the p ipe
excavation.
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Figure 18
Construction of Sump and Pipe
for Relief of Ground Water Pressure
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Figure 19
Membrane Patching after
Completion of Sump
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Protracted periods of heavy rain saturated the soil
on all sides of

t l~

p ond and produced the flow of water

and erosion under the membrane as shown in Fi gure 20.
In areas such as these, the sand and some of the less well
compacted soil had eroded away and de posited at the foot
of the slope.

Presumably water followe d through the inter

face between t h e unexcavated soil and the filled material
or penetrated the b erm, causing this erosion to take place.
5.

Membrane Patching.

Several thin areas and

many holes were patched or rep laced in the membrane.

Some

holes were caused accidentally i n carpen try work on the
rep lacement of the canvas cover while some were caused by
irregularities in the earth surface when spraying was
carried on.

The procedure followe d in patching was first

to thoroughly clean the area, t hen heat it with a kerosene
torc h until very nearly liquid and apply a generous quan
tity of patch material in the liquid state.
The extent of the patc hing work is sh own i n Figure 21
as a typ ical section of the membrane.

It is estimated that

approximately 40 per cent of the entire membrane area
was patched i n cluding weak areas and sections in wh ich
holes were observed.
6.
Membrane.

Water and Sulphite Waste Liguor Testing of
The membrane was tested using water to indicate

the success of sealing.

Filling of the lagoon was
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Figure 20
Erosion of Supporting Earth under Membrane

Figure 21
Typical Area of Membrane Showing
Extent of Patching
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attempted carefully as shown in Figure 22 in order to
prevent possible damage to the membrane by action of the
water.
Continued efforts were made to patch the membrane to
eliminate seepage.

Each time it was found necessary to

pump out the water and attempt to discover the source of
seepage.

Figure 23 shows the method of pumping out the

water with the pump mounted on framework above the pond .
This illustration also gives a general view of the membrane
and its condition.
Since patching had only reduced and not eliminated
seepage, it was decided to attempt filling the lagoon with
sulphite waste liquor, relying on the amount of pulp con
tained in the liquor to clog the remaining holes.

The

pond was filled by a truck containing two 1000 gallon tanks
as shown in Figure 24.

The liquor was discharged into

the lagoon by a hose and pipe shown connected in Figure 24.
Figure 25 shows the lagoon with discharge channel at
the right.

The channel was moved to several positions in

order to secure a uniform distribution of fiber .

The ele

vation of the liquor was checked periodically by use of
the gage shown extending into the liquor at the center of
the lagoon.

In Figure 25 may also be seen the fairly uni

form deposit of the fiber on the slopes which remained aft
er the liquor had receded.
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Figure 22
Beginning Water Test of Membrane

Figure 23
Pumping Water Out of Pond
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Figure 24
Truck Discharging Liquor into Pond

Figure 25
Pond Partially Filled with Liquor
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7.

Measurement o£ Seepage and Sampling. Samples

of the ground water may serve to indicate the d irection of
travel of seepa ge from the pond and strength of the liquor
found at varying distances from the center of t he pond.
The relative positions of t he seven test pipes are dia
grammed in Fi gure 3, pa ge 31.

These pipes extend into the

ground suff iciently deep so that ground water samples can
be taken and the elevation of the ground water table found.
Figure 26 shows a sample being withdrawn from one of
the ground water test pipes.
Samples may also b e taken of the contents of the sump
to indicate directly and immedia t ely seepage conditions.
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Figure 26
Sampling and Finding
Elevation of Ground Water
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SECTION IV

RESULTS
A.

LABORATORY TESTS.

Resistance of the asphalt

membrane to penetration by and effects of sulphite waste
liquor over the five-month period of observations of its
performance under various conditions in the laboratory was
judged to b e excellent.
1.

Thickness of Membrane.

All thicknesses of

membrane from 1/2 inch through 1/32 inch withstood 10 foot
head of sulphite waste liquor for the leng ths of time indi
cated below.
Thickness

Time

1/2"

2 months

7/16 11

2 months

3/8"

2 months

5/16"

2 months

1/4"

5 months

3/16 11

5 months

1/8 11

5 months

1/8 11

3 months - Liquor heated

1/16 11

3 months

1/16 11

3 months - Liquor hea ted

1/32 11

3 months

Neither failure nor seepage was noted in any of the tests.
Membranes used were inspected upon dismantling pipes and
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were found to be in excellent condition based upon that
originally observed.
2.

Head.

All of the tests were begun and contin

ued under a head of 10 feet of sulphite waste liquor since
no failure was induced in the first few tests of gradual
application.

Pressure of this head of liquor produced no

undesirable effects upon any of the membranes tested.

The

membrane of 1/32 inch thickness showed a slight pebble
grain effect resulting from pressure against the sup p orting
sand, but no failure was noted.
3.

Temperature.

Heat applied to pipe walls

raised internal temperatures of liquor columns to 140°
1600 Fahrenheit.

No failure of membrane in pipes exposed

to temperature increase was noted.

Temperatures were kept

below the softening point of the asphalt since it is
logical to assume that temperature concentra tions suffi
ciently high to soften the membrane would be consciously
avoided in actual practice.
4.

Change in

~·

The change in pH in the test

pipes during the five-m onth test period at temperatures
varying from 65° to 95° Fahrenheit but without direct sun
light was from pH 3.2 to 3.8.

This change would not be

sufficient to produce conditions favorable for bacterial
growth.

Experiments now in progress indicate that sul

phite liquor fully exposed to the sun outdoors tends to
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rise slowly, having risen from pH 3.1 to 3.5 in one month.
5.

Effects of Sulphite Waste Liquor

Qg

Membrane .

No detrimental effects of the sulphite waste li quor on the
membrane were noted in any of the pipe tests.

Howe ver,

performance of wet-dry tests on a section of membrane
using sulphite waste liquor resulted in some slight sur
face cracks after seven cycles, two of which were performed
in direct sunlight.
6.

D11ution Effect .

A series of dilution tests

were made on a sample of sulphite waste liquor to determine
the effect of dilution on pH.

It was found necessary to

dilute the concentrated liquor nearly 1 to 1000 in order
to bring the solution up to about pH 6.0.

This would

indicate that dilution as an isolated factor affecting pH
would have to be extremely high from atmospheric precipi
tation and all other sources in order to alter pH to an
appreciable degree.
7.

Odors.

No odors other than those normally

associated with sulphite waste liquor, which is distinct
yet not unpleasant, were noticed throughout the entire
laboratory test period of approximately five months.

The

production of unpleasant odors and consequent complaints
from residents near a waste retention pond would be just
cause for seriously questioning lagooning as a temporary
solution to stream solution since the wisdom of trading
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air pollution for stream polluti on would be of doubtful
value.

However, most bacteriologists seem to be of the

opinion that there is no danger of foul odors due to
bacterial action if the low pH normal to sulphite waste
liquor is maintained.

Addition of fresh concentrated

sulphite waste liquor from the

mi~l

at frequent intervals

in the normal lagooning operation should aid in maintaining
this pH value at a low point.

However, acid could be

added if necessary to adjust pH downwards.
It has been stated that the ordinary bacteria do not
thrive well at pH values lower than 6 .0, the lower limit
of their ability to function being approximately pH 4.5.
Living things which might be expected to grow on or in
the sulphite waste li quor would be molds and yeasts, both
of which grow at pH value less than 4.0.

Molds might be

expected to grow in a very thin layer at the surface of
the liquor as was observed on a sample of sulphite waste
liquor exposed to the atmosphere of the laboratory.
B.

FIELD TESTS.

Neither seepage nor failure was

experienced in any of the lab oratory tests while considera
ble seepage was encountered in the field testing.

The

materials used in both phases were from the same batch of
asphalt so that no influence is presumed to have been
exerted by a difference in material .

Failure of the

membrane to provide complete sealing action is evidently
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a function of factors other than the physi cal and chemical
qualities of the asphaltic material.

These factors and

their bearing on the problem must be considered.
1.

Effect of Sulphite Waste Liguor

~Membrane.

As the level of the sulphite waste liquor dropped in the
lagoon due to seepage, the canvas cover was taken off and
the membrane allowed to receive direct sunlight.

The

membrane, when exposed to sunlight and drying of sulphite
waste liquor on its surface as shown in Figures 27 and 28,
failed completely at several points, exhibiting cracks
on its surface 1/2 to 1 inch in width and extending com
ple tely through the membrane.
Cracks extending horizontally across the slope were
found after two to three days of this exposure and occured
where the membrane was unprotected by the matted pulp fib er.
Sections covered by the pulp fiber were unaffected and
remained in good condition.
Rap i dity of sulphite waste liquor drying and partial
softening of the asphalt in direct sunli ght may account
for the failure under t hes e conditions.

Membranes in

sunlight, but without the drying of sulphite waste liquor
on them, exhibited little change other than dulling of the
sheen normally associated with freshly sprayed asphalt.
The use of some material to strengthen the membrane
where stresses a re likel y to occur, or the covering of
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Figure 2'7
Cracking Induced under Sun and Liquor
Dr
Conditions

Figure 28
Failure Induced under Sun and Liquor
Drying Conditions
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the membrane with an earth blanket on the slopes mi ght
eliminate such failures.
2.

Method of IUscharging . Liquor into Lagoon.

The

problem of introducing sulphite waste liquor into lagoons
is of imp ortance from the practical aspect of eliminating
the possiblity of damage to the membrane.

The membrane is

of such non-ri gid construction that it should be protected
from any h armful effects.
The velocity of sulphite waste liquor in the p ipeline
from mill to lagoon ma y reach quite h i gh values and it is
necessary to dissipate t he energy of this liquor in such a
way that the membrane is not disturbed.

Provision for

t h is was improvised in the field test by use of b oa rds and
a t r ough at t he en d of the p i peline diverting the liquor
stream to t he deeper p ortions of the p on d, but a real
solution to the problem sh ould b e designed.
If the fiber contained in the sulphite waste li quor
is to be used as a partial solution to the seepa ge

p ro b le~

a method whereby the stream of liquor may be diverted from
one a rea to another is necessary.

Fiber distribution in

the field la goon was accomp lished by diverting the sulph ite
waste liquor stream to various areas, but if action from
fiber in large la goons is de s ired, p rovision must b e
made i n the design.
Fi b er distribution accomp lish ed in field testing was
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considered good, but its eff ect over t he short period of
observation was not as marked as was expected.
3.
Liguor .

Sealing of Holes

It was found that the

£x

Fiber in Sulphite Waste

~iber

in sulphite waste li

quor was fairly effective in cutting down seepage in areas
in which seepage had previously been low.

However, seepage

was not greatly reduced when the liquor reached a depth at
which high seepage rates had previously been observed.
4.

Base Preparation .

Laboratory membranes were

provided with continuous support throughout the tests,
which may, in part, account for the absence of failure .
Field preparation of the surface on which membrane
was to be sprayed was un dertaken under great difficulty
wit h weather conditions.

The amount of moisture in the

soil materials seriously handicapped even walking on this
surface and precluded t he p ossib ility of rolling to a
smooth slope.

Although s and was used to bring the slope

to a more even surface, difficulty was encountered with
small lumps and indenta tions still remaining and wh ich
went unnoticed at the time of membrane application .
The "shadow effect" in application caused by these ir
regularities was a definite contributing factor and should
be avoided in preparati on for field membrane application .
This effect is illustrated in Figure 29-a.
of using multiple spray nozzles is apparent.

The importance

61

Stones and bard clods have a tendency to ·promote
failure by being only slightly coated on top with material
which fails to adhere well, due' to dust or water film pro
ducing the effect shown in Figure 29-b.

The hot asphalt

when applied to such a surface has a tendency to run down
the sides of the projection causing a very thin film on
top.

If, then, the projection is displaced, or the mem

brane moves slightly, failure may occur.
Figure 29-c illustrates a third type of weakness
which may occur as the asphalt is applied to a slope.

The

asphalt may flow around projections leaving the down
slope side of the projection unseale.d.
Base preparation is thus seen to be an exceedingly
important consideration in the construction of a success
ful membrane.
5.

Methods of Field Application of Membrane.

The results of field application were not as satisfactory
as expected although samples taken at random indicated
goo d coverage.

The techniques of field application were

found to be of the utmost importance and it was felt that
success or failure in use of the asphalt membrane was, to
a large degree, based upon this factor.
The lack of success because of technique can be
traced partly to the uncontrolled rate of application,
which resulted in a membrane of varying thickness.
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A technique of affording constant rate of application
together with multiple spraying may be a practical solution
to this problem.

Multiple spraying could be accomplished

by means of an outrigger spray bar providing up to three
or four separate applications without the necessity of
driving trucks on the membrane.
Figure 30 illustrates diagramatically a prepared sur
face such as the bottom of a storage pond.

The area may be

divided longitudinally into lanes the width of a coverage
of a normal distributor truck spray bar.

However, the

distributor truck is equipped with an outrigger spray bar
to the right side covering three times the usual bar width.
Thus when the truck passes down any lane, its distributor
bar covers not only the lane which it occupies, but also
the two adjacent lanes to the right.

A truck will, then,

by moving down each lane in succession, be able to apply
three separate applications of the bituminous material and
thus eliminate the uncertainties of one pass application
whi le assuring a uniform application rate.

The spray bar

would also be adaptable to slope application from either
top or bottom.

An auxiliary truck could haul liquid

asphalt from a hot rail tank car and transfer its load
to the distributor truck while moving.
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SECTION V
CONCLUSIONS
A.

PENETRATION OF SULPHITE WASTE LIQUOR THROUGH

ASPHALT MEMBRANES.

It has been demonstrated in laboratory

tests that no effective penetration of an asphalt mem
brane by sulphite waste liquor may be expected due to any
properties of the material.
It has, however, been demonstrated in the failure of
the experimental pond to retain water and sulphite waste
liquor, that the techniques used in spraying of membranes
for the reduction of water seepage, may not be applicable,
without modification, to the formation of membranes in
which high seepage reduction or elimination of seepage is
desired.
B.

FACTORS AFFECTING SUCCESSFUL USE OF ASPHALT

MEMBRANES IN SULPHITE WASTE LIQUOR PONDS.
1.

Preparation of the surface upon which the

membrane is to be sprayed is of primary importance.
Factors to consider would include:
a.

Suitable soil conditions

b.

Moisture adjustment

c.

Compaction

d.

Fine grading

e.

Weed control
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2.

Special equipment may be needed to apply the

asphalt membrane.

3.

a.

Multiple nozzles rather than single

b.

Accurate temperature control

c.

Constant, controlled rate of application

Good technique of application is necessary

to the success of such a membrane application.

Factors

to consider are:
a.

Multiple application to build up a

continuous membrane
b.

Elimination of dust, dirt, and moisture

between asphalt applications
4.

Ground water must be controlled during the

process of construction and permanent seepage control
provided under certain conditions.
5.

Construction should be undertaken only during

weather which will permit optimum conditions for earthwork
since success and high quality work depen~ greatly upon
perfection of the earthwork.
6.

~ying

of the sulphite waste liquor on the

membrane in direct sunlight under certain conditions may
lead to surface damage or complete rupture of the mem
brane.

Protection of slopes on which sulphite waste

liquor may be drying is indicated.
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C. SUGGESTION FOR FURTHE R STUDY.

It is recommended

that further investigation be made on techni ques of
asphalt membrane application under controlled conditions
in the field during favorable weather conditions.

It is

further recommended that studies of test lagoon conditions
and changes such as those in which pH, B.O.D., odors,
and bacterial activity which might take place during a
summer period of sulphite waste liquor impoundment be
made to determine other factors entering into successful
pending of this waste .

Further study is·also needed

concerning the destruction of the membrane by alternate
wetting and drying with sulphite waste liquor .

68

BIBLIOGRAPHY
1.

Babbitt, Harold E. Sewerage and sewage treatment.
Sixth edition. N.Y., John Wiley, 1947. 692p.

2.

Barber, William R. A worm's eye view of the sul
fite waste liquor problem. Paper trade
journal 132: 16-22. April 6, 1951.

3.

Benson, J. R. Canal seepage control at low cost.
Western construction news 24: 72-75. Sept.
15, 1949.

4.

Bollen, Walter B. Decomposition of waste sulfite
liquor in soil. Pacific pulp and paper
industry 16:30-34. nee. 2, 1942.

5.

Department of civil engineering, University of
Washington, et al. Proceedings of the con
ference on industrial waste. Seattle,
University of Washington press, 1950. 60p.

6.

Eldredge, E. F. Industrial waste treatment
practice. N.Y., McGraw-Hill, 1942. 40lp.

7.

Gleeson, George W. Sulfite waste liquor. A
paper given before the national council for
stream improvement, Feb. 22, 1951.

8.

Lagooning suggested for Willamette waste.
neering news 144:33. March 2, 1950.

9.

Moggio, William A~ Storage studies on kraft mill
wastes. Baton Rouge, Louisiana state univer
sity and a gricultural and mechanical college,
1948. 26p. (Engineering experiment station
bulletin series no. 13)

10.

National council for stream improvement (of the
pulp, paper, and paperboard industries) inc.
Annual report 1950. N.Y., The Council,
1950. 23p.

Engi

69
11.

Oregon state sanitary authority. Findings of fact
in the matter of pollution of the Willamette
river and its tributaries by pulp and paper
manufacturing wastes. The Sanitary Authority,
May 12, 1950.

12.

Pfeiffer, J. Ph. The properties of asphaltic
bitumen. N.Y., Elsevier, 1950. 285p.

13.

Phelps, Earle B. Public health engineering.
John Wiley, 1948. 655p.

14.

Phelps, Earle B. and Lackey, James B. Stream
sanitation. N.Y., John Wiley, 1944. 276p.

15.

President's water resources policy commission. A
water policy for the American ~ople. Wash
ington, Govt. printing off ice, 1950. 445p.

16.

Tyler, Richard G. Effect of alcoholic fermentation
and growing of fodder yeast on B.O.D. of sul
fite waste liquor. Sewage works journal 19:
70-74. 1947.

17.

Tyler, Richard G. and Gunter, Shirley. Biochemi
cal oxygen demand of sulfite waste liquor.
Sewage works journal 20:709-719. 1948.

18.

United States department of interior. Bureau of
reclamation. Buried asphaltic membrane lining
for pilot canal, stations 138/00 to 273f97 and
stations l632f to 1841/30, Riverton project,
Wyoming. ~nver, office of chief engineer,
1950. l7p. (Specifications no. DC-3233)

19.

United States department of interior. Bureau of
reclamation. Summary report on canal linings.
Denver, office of chief engineer, 1951. 24p.

20.

Waksman, s. A. Principles of soil microbiology.
Baltimore, Williams and Wilkins, 1927. 897p.

N.Y.,

