THE USE OF FLOCCULANTS TO CONTROL

TORBIDITY IN PLACER MINING EFFLUENTS

THESIS

Presented to the Faculty of the University of Alaska
in Partial Fulfillment of the Requirements

for the Degree of

' MASTER OF SCIENCE

By

Yun—-Awei Shen

Fairbanks, Alaska
May 1987



ABSTRACT

In this study, two placer mine discharge waters of different
characteristica were tested in order to determine the
applicability of organic polymer flocculants to achleve reduced
levels of turbidity. The water samples from both mines were
characterized both as to their chemical and physical properties,

The jar test was employed to establisﬁ the optimum operation
conditions of the flocculation process. The best results were
obtained employing a cationic polymer Superfloc 340 produced by
American Cyanamid Company., The optimum dosage for water samples
from both mines were 15 ppm and 40 ppm respectively, Optimum
agitation time was within the range of 3 to 9 minutes depending
on the agitation rate and the pulp density of water sample.

The utilization of settling ponds, in conjunction with
flocculation is believed to be a practical method to control the

turbidity level of placer mine discharge water.
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CHAPTER ONE

Introduction

1.1 Introduction to Placer Mining

Placer mining has played a major role in the exploration and
development of Alaska and continues to be important to the Alaska
economy. Placer gold usually occurs in the gravel layer that
overlies bedrock. The gold-bearing gravels may alsgo be overlain
by deposits of barren alluvium and loess. This overlying
material is commonly referred to as over-burden. The gravel
layer usually ranges from 4 to 20 feet in thickness and is
usually mantled by the over-burden which may be up to 100 feet.
In this situation, the materials processed during placer mining
are mostly gravel, sand and fine slit.

The methods used for placer mining can be clasgified into
the following systems:

(1) Hydraulic mining - The gold-bearing gravel is washed
into the sluice box by hydraulic giants and the subsequent
tailings are stacked hydraulically. Over-burden removal was
previously accomplished by hydraulic means.

(2) Mechanical mining - A sluice plate is utilized at the
head of the sluice box to receive material conQeyed by a
bulldozer or a loader. Tailing may be stacked by either a
bulldozer, a loader or a dragline. Over-burden usually has been

removed by application of mechanical equipment.



Coarse tailings are usually moved as short a distance as
possible from the sluicing area and deposited as tall piles.
Fine tailings are carried downstream by water in the tailrace to
a gsettling pond, The volume of water used for sluicing varies
from a few hundred gallons per minute (gpm) to many thousand gpm.
The method and effectiveness of wastewater treatment depends on
the volume of water used. The most common treatment method is a
settling pond or ponds in series, Placer mining today, however,
ig more tightly requlated than in the past, largely out of a
concern over its impact on water quality. The Federal Water
_Quality Administration studied the effect of placer mining on
water quality in Alaska and concluded (Alaska Water Laboratory,
1969) :

1. Placer mining operations degrade downstream
water quality as evidenced by an increase in
turbidity, a reduction in dissolved oxygen
(D.O.), and a resulting significant reduction
of fish and fish-food organisms.

2. The major impact on water quality from placer
mining comes from the hydraulic stripping and

sluicing operation.

3. The termination of mining operations does not
necessarily eliminate water quality degradation.

4. Technique for the control of sediments from
mining operations are available but are
generally not being employed at the present
time.

1.2 Legislation and Regulation
The Federal Water Pollution Control Act Amendments of 1972

(Public Law 92-500) is one of the primary requlations causing



concern in the mining industry in regards to environmental

issues. Under this Act, the effluent limitation requirements are:

1,

Best practicable control technology currently
available (BPCTCA) shall be achieved not later
than July 1, 1977.

Best available technology economically achiev-
able (BATEA) shall be applied not later than
July 1, 1983.

New source effluent limitations and/or
standards, to be applied to the construction of
all new operations which are initiated after
proposed standards are first published.

It is anticipated that with application of the above criteria,

the national goal of zero source pollution will be met.

In May 1976,

the Environmental Protection Agency (EPA)

issued the first National Pollutant Discharge Elimination System

(NPDES) permits.

are:

1.

The volume of settling ponds should be large
enough to contain the water supply of one day's
operation and the maximum concentration of
settleable =s0lids from mining operations shall
not exceed 0.2 ml/liter.

The turbidity at a point 500 feet downstream
from the discharge shall not be higher than 25
Jackson Turbidity Units compared with the
turbidity level in the receiving stream, Recent
proposed EPA criteria are presented in Appendix
A,

Under these permits the effluent limitations

In October 1973, The Alaska Department of Environmental

Conservation (ADEC) igssued its water quality standards as Alaska

Administrative Code (AAC) Title 18, chapter 70, to

which

amendments were made in January 1979, According to this code,



the limitations for effluents from placer mining are:.

1. The turbidity shall not be 25 NTU greater than that in
the receiving water.

2. The temperature shall not exceed 25°C,
3. The PH value shall be within the range 5.0-9.0.

4. The dissolve oxygen shall not cause detrimental effects
on established water supply treatment levels.

Among these limitations, the concentration of settleable
solids and turbidity are the most serious problems for placer
nining in Alaska. The ADEC has recently certified federal water
guality stahdazds of 0.2 ml/1 settleable solias and 5 NTO
turbidity, as assuring reasonable compliance with state standards

for water quality.

1.3 Present Technology of Turbidity Reduction

There are basically four approaches for the removal of
settleable and suspended solids. These include settling pond,
filters and éentrifuges, hydrocyclones, and flocculation
(Maneval, 1984),

A, Settling Pond

Settling ponds are the most common means for removing
setéleable solids from placer mining wastewater, that require a
treatment scheme, Settling ponds provide a relatively large,
quiescent area where particles settle according to the concepts
of Stokes Law. To be effective, the pond must be large enough to
remove a certain percentage of the suspended particles and

provide sufficient storage capacity for sediment removed from



suspension. Many of the factors adversely affecting settling
pond performance are relatéd to short circuiting in the pond.
These factors are described by Weber (1972), The extensive use
of settling ponds ag a treatment method is dﬁe to their low cost
relative to other possible approaches.

B. Filters and Centrifuges

Filters process a suspension thraﬁgh a path of cloth
screening or other membranes in order to remove both settleable
and suspended solids. A vacuum is applied below the surface so
that the water and solids are drawn to it.

Centrifugal dryers are machines used to create high gravity
forces for the purpose of dewatering fine so0lid particles.
Properly operated centrifuges are generally used to dawater
coarge materials but have also been used for extremely fine
particles. The:é are three principal types of perforated basket
machines: 1) one basket without the transportiﬁg device; 2) a
basket with positive type discharge; 3) vibrating basket type.
It shall be obvious that the operation of these devices is costly
(Maneval, 1984),

C. Hydrocyclones

The hydrocyclone, probably because of its basic simplicity,
has 5een used for various classification applications since
before 1890. The hydrocyclone usually depends on external power
for its operation most commonly in the form of a pump to obtain

the desired pressure. Feed velocity head and pressure head are



converted to Both angular and linear acceleration, creating a
cyclone effect where the angular acceleration increases as the
feed liquid moves from the outside wall of the cyclone toward the
axis of rotation. As the angular accelerat;on increases, the
centrifugal forces also increase, causing the separation of
particles by size and/or specific gzavity:_

D. Flocculation

Among theme four approaches, flocculation is the most
promising technology to reduce turbidity to meet federal and
state regulations. The main factor is8 particle size; the
operations of the other three approaches are controlled by the
gravitational property of suspended particles. As the size and
mass of particles becomes smaller, the ratio of the surface area
to its mass is very high, thus the surface properties, such as
electrical charges, become more important. On the other hand the
gravitational property may become ineffective in solid/ligquid
separations. When the concentration of fine particles in placer
mine effluents is high, flocculation is the best approach for

80lid/liquid separation and controlling the effluents turbidity.

1.4 Purpose and Scope of Study

This study is limited to the investigation of the
application of certain flocculants to reduce turbidity at
selected placer mining sites. Since the turbidity of placer
mining effluents is caused mainly by suspended fine ciay

particles, the essence of this study is an investigation of the



flbcculation ﬁrocess applicable to the clay-water system of
placer mining discharges, therefore the scope of this study
includes:

1. Analysis of the suspended solids in the system.

2. Review of the theories of flocculation.

3. Determination of factors affecting flocculation
process. 0

4, Optimization of the flocculation process to control the
turbidity of placer mine effluents effectively and
economically.



CHAPTER TWO

Theory of Flocculation

The term flocculation is often confused with coagulation,
although the two refer to quite different processes. Coagulation
is basically electrostatic in that it is brought about by a
reduction of the repulsive potential of the electrical double
layer. Plocculation is brought about by the action of high
molecular weight materials such as starch or polyelectrolytes,
where the material physically forms a bridge between two or more
particles, uniting the s0lid particles into a random, three-
dimensional structure which is loose and porous (Moss, 1972),

Plocculation depends primarily upon collision, adhesion
during collision and minimum redispersion. Collision itself
occurs due to external forces jintroduced by methods such as
stirring. Whether collision is successful in causing adhesion
depends on both the physico-chemical interactions between the
particles and the hydrodynamic condition in the system

{Somasundaran, 1982).

2,1 Physico-chemical Factors

Physico-chemical interactions that are important in
flocculation process are composed of the Van der Waals attractive
forces, electrical double layer forces and bridging forces

between adsorbed polymer and particle surfaces.



A. Van der Waals Forces:

The Van der Waals forces arise from London dispersion
forces, Keesom interactions between permanent dipoles and Debye
interactions between permanent and induced dipoles and the
resultant energy of interaction, Eyr 18 related to particle radii
a) and a, and distance of separation between the particles Hy in
the following manner (Hamaker, 1937):

A al 32

Evn_
6 (al + &2) HO

Where A is the Hamaker constant.
However, this force 1s not of as much importance in the system
under consideration here.

B. Electrical Forces:

Electrical forces arise from the charges on particles in
solution, The nature and magnitude of the charge are dependent

on the mechanisms responsible for the charge generation on their

surface. In the system under this study, the surface charges of
clay particles originate from crystal imperfections.

According to clay mineralogy, clay minerals belong to the
family, "phyllosilicates”. The principal building elements of
the clay minerals are two—dimensional arrays of silicon-oxygen
tetrahedra and two—dimensiocnal arrays of aluminum-hydroxyl
octahedra (Fig. 1l). In most clay minerals, such sheets of
tetrahedra and of octahedra are superimposed in different

fashions, In the tetrahedral sheet, tetravalent Si 1s sometimes
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partly replaced by trivalent Al. In the octahedral sheet, there
may be replacement of trivalent Al by divalent Mg, The
replacement is often referred to as isomorphous substitution., In
this case an atom of lower positive valence replaces one of
higher valence resulting in a deficit of positive charge, or in
other words, an excess of negative charge on the surface (Fig.
2), The magnitude of surface charge depends on the extent 6f
this substitution,

With a charged surface, mineral particles in water acquire
an electrical double layer. As the double layer on the pazﬁielbu
begin to overlap, repulsion is observed. This force is given by
the following expressions (Thomas, 1978):

Vg = P a E4/2 1n [1 + exp(~ K Hy)!
Where P is the permeability of the medium, E, iB the surface
potential, and K is the double layer thickness, B, is the
distance between particles.

C. Flocculant Bridging Forces:

This is the most important force in the flocculation
process, Adsorption of flocculant on minerals is a very complex
process since it is influenced by a number of factors including
flocculant properties such as molecular weight, type and
concentration of functional groups, mineral properties including
surface charge, porosity, surface purity and oxidation state, and
solution properties such as pH, lonic strength and temperature.

Forces responsible for flocculant adsorption arise mainly from

11




alectxostaéic adsorption, hydrogen bonding and chemical bonding
(Somasundaran, 1986).

Electrostatic: Adsorption is possible when the flocculant
and the mineral surface are of opposite charge, resulting in non-
specific electrostatic interaction. In theory, any
positively charged mineral should adsorb agy anionic flocculant,
and vice versa. With large amounts of adsorbed flocculant,
recharging of the particles and stabilization shéuld occur, and
since the particle will then be of opporite charge to the initial
charge, further adsorption of flocculant will cease.

Bydrogen Bonding: Hydrogen bonding is an important method
of adsorption 1in the case of non-ionic flocculants. The
individual bond strength is relatively low but the overall
bonding force is high., A feature of the hydrogen bond is the
short distance between the atoms linked by the hydrogen. The
interacting atoms must therefore assume close proximity by other
methods before hydrogen bonding can take place.

Chemical Bonding: Bonds can also form by the formation of
insoluble salts, for example, when polyacrylic acid is adsorbed
on clay, limestone, and other calcium-containing minerals as

insoluble calcium polyacrylate is formed.

2.2 RBRydrodynamic Factors
In the flocculation process, particle-particle adhesion,
which permits floc formation, is chemically controlled for the

most part. Subsequent growth of the flocs and the development of

12



their structures are probably determined primarily by
hydrodynamic factors (Hogg, 1986).

A. Aagitation

Agitation during the flocculation process, is required for
two reasons: to provide adequate mixing of the flocculant with
the suspension, and to promote particle-flocculant and particle-
particle collisions leading to desmbilizla:tion and floc growth.
Two of the most impoitant factors with regard to agitation are
agitation time and rate.

B. Temperature

Physically, temperature will affect the rate of diffusion of
flocculant and the rate of collision of particles.

C. Pulp Density

The pulp s80lids content should affect the optimum dosage
gince it determines the number of interparticle collisions. The
rate at which aggregates form is proportional to the square of
the concentration of the particles (Moss, 1972).

D. Particle Size

On fine particles, the optimum flocculant/solid ratio has
been found to be directly proportional to the surface area of
solid, therefore, a decrease in particle size means an increase
in flocculant demand.

E. Methods of Flocculant Addition

Multistage addition gives a gradual build up of floc

formation which tends to encourage more flocculant bridging and

13



generally imparts greater physical strength to the resulting

flocs (Moss, 1972).

2.3 The Nature of Flocculant

In 1967, the first non-toxic and completely synthetic
organic polymer was introduced and accepted by the U.,S, Public
Health Service for treatment of municipal ‘water supplies, Since
then, a wide range of polymers has been developed for use in
wastewater treatment and mining and mineral processing industry.
This section provides a discussion of the general properties of
polymer flocculants,

A. Physical State:

There are three kinds of physical states of polymers
produced today:

Dry powders or granules — which are dispersed and dissolved
in water at a low concentration before use.

Emulsions - which are also pre-dispersed and dissolved prior
to use, but which generally dissolve much more rapidly than the
powdered products.

Liquids or solutions - which are readily diluted in-line as
they are being applied (Dauplaise, 1982; Werneke, 1982).

B. Molecular wWeight

Synthetic polymers are avallable in a wide range of
molecular weights, varying from tens of thousands (relatively
low) to many millions (very high). Molecular weight is a measure

of the deqree of polymerization of the polymer, or more simply,

14
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the number of monomer (repeating) units which have been joined
together to form the large, chain-like molecule. For example, a

polyacrylamide,

-=[CH,y ?ﬂ]n—~
C=0
iy
(molecular weight of the repeating unit ia 71) with an average
molecular weight of 10,000,000 contains an average of 140,845
repeating acrylamide units making up a single molecule; in other
words, n=140,845.

Molecular weight may also be a relative term within a family
of similar polymers. Three samples of polyacrylamide having
molecular weights of 4, 8 and 12 million would all be considered
high molecular weight, but could be described as low, medium and
high in relation to each other. Three samples of a highly
cationic polyamine with molecular weights of 50, 100 and 200
thousand would all be classified as low molecular weight
polyners, but would also be low, medium and high in relation to
each other (Dauplaise, 1982; Werneke, 1982).

C. Charge Characteristics

Non-ionic - Non-ionic polymers are by definition uncharged
and form attachments to suspended solids via a hydrogen-bonding
mechanism.

Anionic - The majority of anionic polymers derive their

negative charge from a carboxylic acid function and usuwally form



bonds via one of two mechanisms., As shown in Fig. 3, they can
attach directly to the surface of a particle, for example, which
containg a metallic ion in the lattice, such as aluminum,
Bilicon, iron, calcium, etc., An alternate mechanism is
attachment to negatively charged particles via a cationic bridge,
such as alum or cationic polymer. These pnionic polymers can
vary widely in their degree of anionic charge, from less than one
mole percent of anionicity to 100 mole percent. The choice of
the optimum degree of charge is critical to obtaining maximum
performance from the flocculant on a given substrate.

Cationic - These polymers are of two main typee; that is,
the low molecular weight, highly (100 mole &) cationic polymers
and the high molecular weight, lower charged (2-30 mole %
cationicity) materials. Choice of material will depend largely

on characteristics of the substrate., All the cationic polymers

bond directly to negatively charged particles. (Fig. 4).

16
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3. Bonding mechanism for anionic polymers.
(from Werneke, 1982)
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Fig.

Bonding mechanism for cationic polymers.
(from Schwarz, 1982)
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CHAPTER THREE

Sample Selection and Analysis

3.1 Sample Selection

For this study, water samples were collected from two placer
mine sites in Alaska; one located in the Fairbanks area and the
other located in the Circle area. Fig, 5 shows the
configurations and locations of sample collection sites on both
areas, The samples from the Fairbanks area were labeled A.l,
A.2, A3, A.4 and A.5 in accordance with the order of settling
ponds from which water samples were taken, Sample A.6 was taken
one mile downstream below the operaﬁion. Designations B, m;d
B.2 represent the samples taken from the Iinfluent and the
effluent of a settling pond at the Circle area mine site.

The placer mining system in both study areas was similar in
that mechanical methods were used to transport materials to a
sluice box, and the sluice tailing slurry discharged to one or
more settling ponds. A common character of effluents from both
sitea is extremely high turbidity as a result of extremely high
fine s0lid content. It is this material character that makes the
settling ponds employed at both mines somewhat ineffective in
reducing the solid content in pond-effluents. In this context,
flocculation seems to be the most promising method to control the

turbidity of effluents from both mines.

19
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3.2 Sample Analysis

Water samples collected for this study from both minesg were
subjected to a series of basic analyses for the purpose of
determining the;: physical and chemical characteristics prior to
flocculation testing. Those analyses are described in detail
below. _

A, Turbidity and Solid Content Measurements

Turbidity in water is caused by colloidél particles and
other fine dispersions. Turbidity analysis in water is based on
the optic$1 property of light scattered or absorbed by the
suspended particles as it passes through the sample. Turbidity
is dependent upon the size, shape and refractive index 6£
suspended particles rather than density considerétiona.

Particle size is an important consideration in the
measurement of turbidity. The smaller the particle size, the

greater the specific surface area which results in greater light

scattering and higher turbidity.

The turbidity measurements were conducted within 24 hours
after the samples were taken from the field to eliminate
irreversible changes in turbidity caused by longer storage. The
Nephelometric Turbidity Unit (NTU) measurements in this study
utilized a DRT-100 Nephelometric Turbidimeter.

The total 30lid content of a water sBample is the combination
of settleable solid content and suspended solid content in that

sample. The total solid content was determined easily by drying
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and weighing, The settleable 3011d content can be determined by
use of the Imhoff Cone Test. Then, the difference between the
- total solid content and the settleable s50lid content is the
suspended solid content.

The results of the Nephelometric Turbidity Unit tests and
solid content tests of the water samples from the two study areas
are presented in Table 1. This table inéicatea extremely high
turbidity caused by high suspended solid content for all samples
with a tendency of increasing turbidity with increasing solid
content in the water. Theoretically, settling ponds are designed
to remove the total s80lid content from the pond-effluent, From
Table 1, the author found that when the suspended solid content
in the water was high the settling pond was also effective in
renoving a considerable amount of suspended solids in the pond-
effluants.,

B. Particle Size Distribution Analysis ,

As mentioned in the praceding chapter, particle size is an
important factor in the flocculation procegs, The grade scale
most commonly used for particle size analysis is the Wentworth
scale which is described in Appendix B The particle size
distribution of water samples from both mines were determined by
a Sedigraph SOO00ET Particle Size Analyzer with results as shown
on Figs, 6, 7, 8, 9, 10 and 11. It is evident that nearly 70%

of the g#olid content in all water samples is smaller than 1 um

which is the upper limit aize of clay according teo the Wentworth
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scale. In this situation, the surface property of the solid
particles becomes important due to the increasing surface area
with decreasing particle size.

C. Mineralogical Composition Analysis of Suspended Solids

The suspended solid contained in the supernatant water from
the Imhoff Cone analysis was extracted‘gnd analyzed by X-ray
diffraction and DCP spectrometric methods,

X-ray Diffraction Analysis

Extracted solid samples from water samples were evenly
spread on a petrographic glass slide with a drop of water aﬁd
allowed to dry, giving a randomly oriented sample slide, The
samples were then used to identify unknown minerals by a
computerized RIGAKU diffractometer.

The results of this analysis are shown in Fig. 12. The
lack of intensive peaks within the scanned 2 9 range indicated
that both samples are materials with low degree of
crystallization. With the help of the Joint Committee on Powder
Diffraction Standard Index Book after tranaferring 29 angles to
d-apacing, the only recognizable mineral in both samples was
kaolinite. Another important discovery was that samples A and
sample B are identical materials. This can be verified by
comparing the diffraction peak patterns occurring in the scanned
28 range of both samples. The conclusion of thisg analysis is
that sample A and sample B are identical low crystallized clay

with kaolinite as the major phase.
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DCP Spectrometric Analysis

Although a DCP spectrometric analysis is unable to
distinguish between the valence states of Fe and determine water
content, it is a convenient method to analyza the major element
constituents due to its capability of rapidly determining these
elements simultaneously. The sample so%ption preparation, by
using the lithium metaborate fusion diéaolution method, 1is
described in Appendix C., Upon the completion of the dissolution,
the solution was analyzed for major elements using a
Spectrometric Spectraspan IV Plasma Emission Spectrometer.

The results of this analysis were aB follow:,

Sample A, Sample B.
element 3 element ¢
810, 30.6 Si0, 31.3
AloC 20,9 Al.0q 26.7
Fe 18.2 Fe 19.7
Cao 4.5 Cao 2.0
Mgo 3.3 Mgo 1.4
Na»0 0.9 Na50 0.3
R50 ‘1.3 K50 0.8

The X-ray diffraction analysis indicated that sample A and
sample B were the same clay mineral with kaolinite as the major
phase. Raolinite is made up of a regqular sequence of structural
units which consists of a tetrahedral Si layer united with an

octahedral Al layer. By comparing the major element
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constiiuents of both samples, it was found that the divalent
element Mg, Ca content was higher in sample A but the trivalent
element Al content was higher in sample B, On the grounds that
sample A and B are two-layer clay minerals built by the same
unit, it is reasonable to assume that the extent of replacement
for trivalent Al by divalent Mg and Ca w#}hin the octahedral Al
layer ia larger in sample A. It also mea;a the amount of excess
negative charges on the particle surface of sample A is higher
than that on sample B. This can be verified by comparing the
compensated ions K, Na content in both samples.

D. Zeta Potential Measurements

For many decades, the concépts of zeta potential has been
acknowlaedged as the governing factor in colloidal chemical
phenomena., According to Moss (1972) zeta potential can be define
as follow: If the surface has a negative charge, positive ions
will be attracted to it, forming a bound layer of positive ions.
From this layer, a diffuse layer of counter ions extend outward.
When a particle moves in the liquid, the shear takes place in a
plane outside the layer of bound ions, i.e., only the bound ions
move with the particle. The potential which exists between the
ahear plane and the diffuse layer is the zeta potential. The
zeta potential of a mineral surface ig also an index of surface
charges on the mineral surface.

Zeta potential of the mineral particles is never determined

directly, but is calculated from a measurement of the particle's



eléctrophoretic mobility. Electrophoretic mobility is the
movement of a suspended particle through the suspending liquid.
When a liquid containing charged particles is placed within an
electric field, the negative particles are attracted to the
anode, Because the motion of charged particles in an electrical
field is independent of their size or shape and dependent on zeta
potential, the measurement of particle méi)ility affords a rapid
and accurate method of determining the magnitude of zeta
potential.

In order to get properly diluted water samples, the tested
samples are the supernatant liquids from water samples after
centrifuging for one hour at 30 rpm. A zeta potential meter made
by Zeta Potential, Inc., was used to measure the zeta potential
in thia study. Twenty colloidal particles were read to obtain an
average particle mobility for each test sample. The result of
the tests showed that the zeta potential of sample A is =24 mv
and the zeta potential of sample B is -16 mv. This verifies the
previous assumption that the amount of excess negative charges on

the particle surface of sample A is higher than negative charges

on particle surface of sample B.

E. pH Value Measurement

The pH value indicates the acidic¢ or basic nature of water
and is defined as the logarithm of the reciprocal of the
hydrogen-ion concentration in moles per liter., 1In many cases,

the particle surface in water has surface charges dependent on

34
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the zolution pE and can exhibit both positive and negative
surface charges. The pB corresponding to a surface charge of
zero is defined as the zero point of charge (2pC). BAbove the ZPC
the surface charge will be negative and below the ZPC the charge
will be positive, For example, the ZPC for kaolinite ig 3.3 to
4,6, for montmorillonite is 2.5 (Parks, 1(9(67).

An electronic pR meter was used to measure the pH of each
water samples with the following results:

Sample No. A.,l A.2 A.3 A.4 A.5 A.6 B,l B,2

pH 6.3 6.4 6.5 6,6 6.6 6.6 6.5 6.5



CHAPTER FOUR

Flocculant Selection and Flocculation Tests

4.1 Flocculant selection

Flocculants produced by Dow Chemical Company, American
Cyanamid Company and Nalco Chemical Compény were tested in this
study. A complete listing of the chemicals tested, with
information concerning charge property, molecular weight, and
product form is present in Table 2.

It is impossible, at the present time, to specify the
optimum type of flocculant for a given épplication based on
knowledge of the material to be tested. The standard method is
to choose the most likely flocculant which will be effective,
then study the optimum operating conditions for that flocculant.

The most widely used test in the laboratory for the
flocculation process is the "jar test®. The equipment utilized
in the jar tests consisted of a laboratory multiple stirrer
accompanied by six 1,000 ml beakers. Each stirrer consisted of a
3 in. blade capable of variable speed operation between 0 to 180
rpm.

The jar test attempts to simulate the full-scale plant
process and has remained as a control test in the laboratory
since its first introduction in 1918. Nickel has indicated that
proper mixing in the jar test will show a definite relation to
the dosage that must be utilized in plant operations to obtain
satisfactory operation. How&ver the rotation rate of the paddle,

36



PRODUGCT TYPE FORM MOLECULAA WeaHT
Naleo 7107 Cationic Liquld Low
Nalco 7134 Cationic Ligquid Low
Naico 8100 Cationie Llquid Low
Nalco 8103 Cationic Liquid Low
Nalco 7120 Catlonio Ligqultd High
Nalco 7122 Catlonic | 'Liquid High
Naico 7123 Catlonic Liquid High
Naico 7129 Cationle Liquid High
Dow M178 Cationle Liqulid Low
Dow M286 Cationic Liquid High
Aa. Cyan. SF380 Cationic | Ligquld High
Aa. Cyan, SF3688 Catlanie Liqulid High
Aa. Cyan. SF380 Cationic Liquid High
Aa. Cyan. SF340 Catlonig Llquld High
Naico 7182 Anionic Liguid High
Nalco 7706 Anionic Liquld High
Nalco 7763 Anlonio Liquig High
Dow M248 Antanic Solid High
Dow M249 Anionic Solld High E
Dow M208 Anionic Solid High ]
Dow M810 Anionie Llauid High
Dow M830 Anionie Liquid High |
Aa, Cyan. SF204 Anlonic solid High |
Aa. Cyan. SF208 Anionie 8olid High
Aa. Cyan. 8F210 Anlanice Solld High
Nalco 7181 Non-ionic Liauid High
Table 2. Flocculant list.

37
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the AQBign of the blade and the time of mixing are all variables
in the jar test which must be more or less correlated to the
plant design.

Flocculants were added by pipet from prepared atock
solutions directly into the sample while agitating at 100 rpm. A
reaction time of 5 minutes was normally allowed and the stirring
abruptly stopped. Floc size, settleabiffty and supernatant
clarity were rated as described in Table 3. The water sample A.5
was subjected to a preliminary flocculant selection test in order
to select the optimum flocculant and establish approximate
solution concentration of flocculant for this study.

The results of the preliminary flocculant selection tests
are detailed in Table 4, This table lists the results of the jar
tests using the rating format outline in Table 3. The results of
these tests show that all cationic flocculants, regardless of low
or high molecular weight could reduce the turbidity of the tested
sample to 10-100 (NTU) with dosages from 20 to 40 ppm. On the
other hand, all anionic and non-ionic flocculants used in this
test were ineffective in turbidity removal even with very high
dosage. Recalling that the surface of particles in water samples
was negatively charged,i.e. with a negative zeta potential, it
is reasonable to arque that the non-specific electrostatic
interaction between the cationic flocculant and negatively
charged particles play an important role in the flocculation

process of this study. Based on this arqument, the bridging
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FLOCCULANT EVALUATION CRITERIA

FLOC SIZE

Rating

None

Small
Medium

Large

FLOC SETTLEABILITY

Poor
Falr
Good

Very Good

Excellant

SUPERNATANT CLARITY

Poor
Fair

Qood

interpretation

None
Loag than Y mm
1 -2 mm

Qreater than 2 mm

Less than 10 cm/min
More than 10 ecm/min
More than 20 cm/min

More than 40 cm/min

1000 NTU
100 to 200 NTU

10 to 100 NTU

Table 3. TFlocculant evaluation criteria.



Table 4. The result of floceulant selection test.

Flocouwlant Stock($) Dose Floo size Settleability Clarity

NALCOT 107

NALCOT 134

NALCO8100

NALCO8103

NALCOT 120

NALCO7122

NALCQO7123

NALCOT129

DOWM178

DOWM266

SF360

SF365

SF350

SF340

NALCO7 182

ARRARNAIRARRN

0.5%

15
30
45
15
30
45
15
30
45
15
30
45
10
20
30
10
20
30
10
20
30
10
20
30
35
15
30
k5
10
20
30
30
50
65
10
20
30

10
20
35
10
20
30

5
15

Small
Small
Small
Small
Small
Small
Small

Small
Small

Small
Small
Small
Medium
Medium
Medium
Mediim
Medium
Medium
Med{um
Medium
MediLm
Medium
Medium
Medium
Medium
Small
Small
Small
Medium
Medium
Medium
Small
Small
Small
Small
Small
Small

Small
Small
Small
Medium
Medium
Medium
Large
Large

Fatir
Fair
Fair
Fair
Fair
Fair
- Fadr
Fair
Fair
Fair
Fair
Fair
Goad
Good
Good
Good
Gocd
Gocd
Good
Good
Good
God
Goad
Gocd
Good
Fair
Fair
Fair
Gocd
Goaod
Good
Fair
Fair
Fair
Fair
Fair
Fair

Fair
Fair
Fair
Good
Good
Good
Excellent
Excellent

Poor
Fair
Good
Poor
Fair
Cocd
Poor
Gocd
Gocd
Foor
Fair
Good
Poor
Good
Gocd
Fair
Good
Good
Poor
Goad
Gocd
Poor
Fair
Fair
Cocd
Poor
Fair
Gocd
Fair
God
Good
Poor
Poor
Gocd
Poor
Gocd
Goed

Poor
Poar
Goed
Fair
Cood
Good
Poor
Poor

40



Table 4. (Continue)

0.5% 30 Large Excellent Poor
0.5% 45 Large Excellent Poor
NALCOT766 0.5% 5 Large Excellent Poor
0.5% 15 Large Excellent Poor
0.5% 30 Large Excellent Poor
0.5% 45 Large Excellent Poor
NALCO?763  0.5% 5 Large Excellent Poor
0.5% 10 Large Excellent Poor
0.5% 30 Large ,Excellent Poor
0.5% 45 Large ‘ Excellent Poor
DOoWM248 0.5% 5 Large Excellent Poor
0.5% 15 Large Excellent Poor
0.5% 30 Large Excellent Poor
0.5% 45 Large Excellent Poor
DOWM2 49 0.5% 5 Large Excellent Poor
0.5% 10 Large: Excellent Poor
0.5% 30 Large Excellent Poor
0.5% 45 Large Excellent Poor
DOWM265 0.5% 5 Large Excellent Poer
0.5% 15 Large Excellent Poor
0.5% 30 Large Excellent Poor
0.5% 45 Large Excellent Poor
DOWM5 10 0.5% 5 Large Excellent Poar
0.5% 15 Large Excellent Poor
0.5% 30 Large Excellent Poor
0.5% 45 Large Excellent Poor
DOWM530 0.5% 5 Large Excellent Poor
0.5% 15 Large Excellent Poor
0.5% 30 Large Excellent Poor
0.5% us Large Excellent Poor
SF204 0.5% 5 Large Excellent Poor
0.5% 15 Large Excellent Poor
0.5% 30 Large Excellent Poor
0.5% us Large Excellent Poor
SF208 0.5% S Large Excellent Poor
0.5% 15 Large Excellent Poor
0.5% 30 Large Excellent Poor
0.5% us Large Excellent Poor
SF210 0.5% 5 Large Excellent Poor
0.5% 15 Large Excellent Poor
0.5% 30 Large Excellent Poor
0.5% 45 Large Excellent Poor
NALCOT7 181 0.5% 10 Medium Goad Poor
0.5% 20 Mediim Goad Poor
0.5% 30 Mediun Goed Poor
0.5% 45 med{um Good Poor

® Unit of dose : PPM.



effeét of anionic flocculants was jeopardized by the electrical
repulsion between negatively charged particles and the anionic
flocculants,

The high molecular weight cationic flocculant, superfloc
340, was found to be the best flocculant among those taested. This
cationic flocculant resulted not only in the least residual
turbidity with the least amount of dosage, but also produced
faster settling flocs in the tested water samples. Thus,
Superfloc 340 was selected as the optimum flocculant and

subjected to the following tests.

4.2 Flocculation Tests

The important factors which affect the flocculation process
are flocculant dosage, pulp density, zeta potential of particles,
agitation time, agitation rate, flocculant addition rate,
temperature, pE value and dual flocculant process. In water
treatment, an optimum flocculation process represents the
achievement of an equilibrium of great complexity in which the
above factors are involved. In the following sections, all of
these factors were studied in detail by jar testing., One
important aspect in this study is that when one factor was tested
other factors were constant.

A. Flocculant Dosage and Pulp Density

In order to determine the optimum flocculant dosages for
different pulp density water samples, samples A.4, A.5 and A,6

with pulp densities at 7748(mg/1), 6685(mg/1l) and 2286(mg/1l)
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respectively were chosen as samples representing high, medium and
low pulp densities., Also, samples B.l and B.2 with pulp
densities of 2223(mg/1l) and 3608(mg/1), were chosen as another
set of samples of high and low pulp density. In this test,
residval turbidity at various flocculant dosages was measured for
each tested sample.

The results of these tests are pteé;nted in Pigs. 13 and
14. In these two figures, each curve represents a specific pulp
density sample. The dosage of flocculant that produces the
lowest residual turbidity is called the optimum dosage of the
tested sample. It is obvious that the optimum flocculant dosage
increases with the increasing pulp density of the tested s;mples.
This can be easily understood by the fact that the higher the
pulp density the higher the number éf g8olid particles in the
water sample, and the larger the surface area available to
consume flocculant,

Another important feature in this test was that the ability
to resist overdose decreases with decreasing pulp density of the
tested sample. This can be explained by the fact that decreasing
pulp density results in decreasing particle surface area and the
number of interparticle collisions during agitation. If excessive
flocculant is added, the flocculant segments may saturate the
limited particle surface area so easily that no sites on the
particle surface are available for the formation of flocculant

bridging under the limited number of interparticle collisions
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during agitation. This substantially reduces the ability of
resisting overdose in low pulp density water samples.

B. Zeta Potential of Particle

In the above tests, the s0lid contents of samples A.4 and
A.5 are much higher than the solid contents of samples B.l1 and
B.2, According to the conclusion that the optimum flocculant
dosage increases with the increasing pul‘pj density, the optimum
flocculant dosage for samples A.4 and A,5 shall be higher than
that for samples B.l and B.2, but when comparing Pigs. 13 and 14
th.e result was opposite to this argument. This can be explained
by the concept of zeta potential. Because the non-specific
electrostatic interaction between cationic flocculant and
negatively charged particle surface play an important role in the
flocculation process, the particle with higher negative zeta
potential; i.e, higher negative surface charge is more ameﬁable
to flocculation with a cationic flocculant. Based on this idea,
the optimum flocculant dosage of sample A with zeta potential of
-21 mv will be less than that of sample B with zeta potential of
-16 mv regardless of the effect of pulp density.

C. Agitation Time and Rate

During the flocculation process, agitation of the suspension
during flocculant addition is a primary factor in determining
performance, Agitation is required to provide adequate mixing of
the flocculant with the suspension and to promote the particle-

particle collisions necessary for f£1loc growth. At the same time,
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agitation leads to floc breakage. When a flocculant is added
continuously at a fixed rate to an agitated suspension, flocs
grow to some limiting size. However, continued agitation, in the
absence of further flocculant addition lead to an irreversible
floc breakdown.

The effects of varying agitation tiqg and agitation rate in
the jar testing procedure for the residual turbidities of samples
A.5 and A.,§ with pulp densities of 6685(mg/l) and 2286 (mg/1)
regpectively and in samples B.l and B.2 with pulp densities of
2223(mg/1) and 3608(mg/1l) are shown in Figs, 15, 16, 17 and 18.

For the same pulp density water samples, the samples
agitated at a high rate consistently exhibited shorter agitation
time to complete the flocculation process., The reason i3 that
the high agitation rate increases the particle-flocculant
and particle-particle collision rate and accelerates the
flocculation process. Also, in the higher pulp density samples
A.5 and B.2, the floc degraded resulting in a higher residual
turbidity when the agitation time increase to a certain extent.
This situation did not occur on the twoc lower pulp density
samples A.6 and B,l. The reason is due to interparticle
collision, As a prerequisite to bridging, the rate of formation
of multiple particle aggregates from the primary particles
through the bridging effect of flocculant is dependent upon the
number of particles initially in the sample. In a high pulp

density sample, the opportunity of interparticle collision is
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greater than that in a low pulp density sample. Thus, the time
for the particles in high pulp density samples to form the
aggregates is faster than the particles in the low pulp density
samples., If extended agitation occurs, the particles will be
restabilized due to the breaking of flocculant-particle surface
bonds and the subsequent folding back of the extended flocculant
segmentg on the surface of particlas. a ’

D. Flocculant Addition Rate

The purpose of this test was to determine the effect of
flocculant addition rate on residual turbidity and floc settling
rate. Floc settling rate is an important factor in the lat;r
80lid-liquid separation process after flocculation and it Qas
obtained by direct observation of the fall of the "mud line" in
the flocculation vessel. The residual turbidity and the floc
settling rate of tested samples wers measured after being
flocculated at different flocculant addition rates. The result
ghown in Fig. 19 indicates that there is an optimum flocculant
addition rate for decreasing turbidity. PFig. 20 indicates that
slow flocculant addition rate always helps floc settling. This
effect can be depicted simply by Fig. 21. When the flocculant
was added by multi-stage (slow addition rate), a progressive
reduction of the enormous effective surface area of the particles
is reduced by each flocculant dose increment. The overall effect
is to prevent local over-adsorption and waste of flocculant and

to form uniform large size flocs. This helps the overall effect
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6f turbidity removal. On the other hand, with a too slow
flocculant addition rate, the rate of floc disintegration caused
by agitation is greater than the rate of floc formation as a
result of flocculant addition. The overall effect for decreasing
turbidity would then be jeopardized.

E. pH Value .

The purpose of these tests was to dacide the effect of pH
value on the flocculation prbcesa. The pH was varied from 2 to
10 with the addition of either nitric acid or sodium hydroxide.
These tests utilized the jar testing with other factors
maintained as constants,

The variation in pH of these tested samples control the
extent of surface ionization of the particlee in the samples, as
the potential-determining ions, HY and OE~, are introduced into
it. Potential-determining ions are responsible for the existence
of the double layer and determine the electrical potential
difference between the solid and liquid phase (Packhom, 1962).

The results shown in Fig, 22 indicate that a higher pH value
results in a higher residual turbidity after flocculation. At
high pH values, the particle surface is highly negative as it
absorbs the hydroxyl ions resulting in higher negative zeta
potential. When the negative charge on the particle surface is
too high, more cationic flocculant is absorbed on a single
particle by non-specific electrical attraction forces and local

over~adsorption take place. This inhibits the bridging between
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particles, The lower pH value represents more hydrogen ions in
the samples, thus the negatively charged particles are
neutralized by these hydrogen ions. Thie phenomenon results in
decreasing the zeta potential as well as the repulsive force
between particles. The Van der Waals' force will then dominate,
increasing the floc-forming collis%on. At a certain
concentration of hydrogen ions, a point of zero charge occurs and
at this pBE the non-specific electrical interaction between
cationic flocculant and particle surface become so weak that the
floc disintegrates easily and results in a higher residual
turbidity,

F. Tempeaerature

As thé flocculation tests were conducted at room temperature
in the laboratory, adjustments were made to run the flocculation
teats to simulate field temperatures for those selected samples
which had been tested by the jar test.

Tested samples were flocculated at temperatures of 5°, 23°©
angd 45° (C). The results, shown in Pig. 23 indicate that
residual turbidity is a little higher when tested at low
tempc:nﬁu:e condition. The reason is that as the temperature
decreases, the viscosity of the water increases. BAs the
vigscosity of the water decreases, the particles in the water show
a decrease in the probability of floc-forming interparticle
collision. This effect can be overcome by a longer mixing

period. However, if the particle concentration of the sample is
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high, this lower temperature effect on decreasing interparticle
collision is8 too small to be of significance and the residual
turbidity is not significantly changed.

G. Dual Flocculant Process

At this point, the important factors affecting the
flocculation process have been studied in Qetail. A flocculation
process operating under these optimum co;mditiona ia expected to
obtain good rasults. Figs. 24 through 27 show the actual
flocculation process as tested in the laboratory sequence. The
overall results of this procedure were good but presented a
problem in that the floc size is too small, A small floc size
regults in a low floc settling rate which causes difficulty
in 1later solid-liquid separation processes, This problem can be
solved by adding a small amount of a high molecular weight
anionic flocculant Dow 248. High molecular weight anionic
flocculants enhance particle aggregations by forming bridges
between aggregations of particles to produce larger flocs which
can gsettle more rapidly, F{g. 28 indicates the addition of few
parts per million of high molecular weight anionic flocculant
enhances the floc settling rate. The effect of improving floc
size of high molecular weight anionic flocculant can be seen on

Fig, 29.
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Flocculation during the
second stage.

Fig.
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Flocculation at the final
stage.
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CHAPTER FIVE

Conclusions and Racommendations

5.1 Conclusions

The mechanism of flocculation using polymers is a very
complex procees and poorly understood at the present time, Based
on the test results, the author believes that the non-specific
electrostatic forces between cationic flocculants and negative
charged particle surfaces plays a governing role in the
flocculation process investigated under this study. The study
resulted in the following conclusions,

1. If the non-specific electrostatic force is important,
the melection of a proper flocculant will depend on the Bign of
surface charge of the particle surface. With negative surface
charge particles, the cationic flocculant is expected to be
effective. On the other hand, an anionic flocculant is expected
to be effective when the particle surface is positively charged.
Also, the amount of gurface charge on the particle surface
affects the magnitude of electrostatic force between flocculant
and particle surface.

2, Generélly speaking, the higher the pulp density, the
more flocculant is consumed because of the larger surface area of
the particles. The optimum flocculant dosage also depends on the
amount of surface charge on the particle surface which affects
the magnitude of electrostatic bridqing force between flocculant
and particle surface.
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3. The ability of resisting overdose for a certain water
sample decreases with decreasing pulp density of that sample. To
avoid overdose, the optimum dosage must be decided precisely when
low pulp density samples are encountered.

4. A high agitation rate will reduce the agitation time
needed to complete the flocculation process but the probability
of over-agitation is increased at high agitation rates.

5. The ability of resisting over-agitation for a certain
water sample decreases with increasing pulp density of that
sample. To avoid over-agitation, the proper agitation time and
rate must be controlled carefully when high pulp density samples
are encountered,

6. There is an optimum flocculant addition rate for
decreasing turbidity; if a flocculant is added faster or slower
than the optimum, the overall turbidity removing effect will be
jeopardized. In this study, a slow flocculant addition rate
always enhanced the floc settling rate.

7. A lower pH value enhances the flocculation results, as
the existence of H* ion may neutralize the negativa charged
particles and cause the reduction of the repulsive force between
particles, but when the point of zero charge is reached the lower
PR value becomes detrimental to the flocculation result.

8. The lower the temperature, the higher the viscosity of
the water resulting in a lower settling rate of the flocs. The

temperature effects on residual turbidity after flocculation are
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noglécted in the high pulp density samples as interparticle
collisions of these are not affected.

9, Adding a small amount of high molecular weight anionic
flocculant enhances floc size and strength dramatically. If
highly intensive shear force is encountered in the later solid-
l1iquid separation process, for example, a hydrocyclone, the
addition of a small amount of high mof;cular weight anionic
flocculant to strengthen the flocs is highly recommended.

10. In so far as the special conditions of placer nining in
Alaska are concerned, the author believes that a settling pond is
one of the most practical methods for treating discharge water,
if economically achievable for the individual mining operation.
Also, a settling pond is the most practical method for the solid-

liquid separation after flocculation,

3.2 Recommendations

A. Practical Application

A recommended practical application of the flocculation
process to control turbidity of effluents from a placer mine site
is shown on FPig., 30. The wastewater discharge from a sluice box
basses through a series of settling ponds where a considerable
amount of suspended solids are removed. The number of settling
ponds employed is dependent on the pulp density of the discharged
water. When the pulp density of discharged water is high, more
settling ponds are needed to reduce the amount of flocculant

consumed in the flocculation process. The effluent of the first



water regsarvoir [—‘
v
tor sluicing
- |
[ ]
-
3
sluice box a o
g
9
b 3
(6]
-]
LY
settling ponds
M ee—
floecauliant
added

mixing system

polishing pond 4it

Fig. 30, The recommended flowsheet of flocculation
process,

68



69

two settling ponds is fed into two mixing tanks alternatively in
order to maintain continuous operation, Diluted flocculant
stock solution or solutions ig added at this point and mixed
thoroughly with settling ponds effluents for at least 3 minutes.
The discharge from mixing tank is then delivered to the final
*polishing® pond where solid-liquid separation take place and the
effluents are discharged to the stream, :

B. Economic Evaluation

The cost of the recommended application comes from four
major categories which include settling ponds congtructionm,
disposal of sediments, mixing system and chemicals. The cost of
settling ponds and disposal of sediments are cost inherent to
Placer operation with or without chemical-aided settling, The
co‘st of a mixing system including mixing tanks, pumps ana power
supply and was estimated from $40,000 to $70,000 for a2 normal
capacity operation by Stanley Amsociation Engineering (1985),
The optimum concentration and dosage for Superfloc 340 is 1% and
15 ppm for water sample from the Gilmore Creek area. This
reagent consumption can be converted to 0.25 1b Suparfloc 340
required for treatment of 1000 gallona of wastewater. Chemical
costs can ba calculated under the optimum conditions and
following assumptions:

Averagae water consumption: 3,000 gal/min
Recycled water percentage: 80%

Treated water percentage: 20%
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Operating hours per day: 10 hours

Operating days per year: 150 days
The chemical cost based on this assumption is §8,100 per
year, Costs which should be taken into account to perfect a
treatment design, such as of labor, utilities, etc., are

naglected here.

C. Recommendations for Further Study

1, The development of quantitative models for the
interactions between flocculant and particle murface.

2. The application of flocculation to treat placer mine
effluents in Alaska merits further field testing to determine
usable products, efficient dispersal systems, and relative cost.

3. A variety of flocculants should be jar testad at several
placer mine sites in interior Alaska under site specific
temperature and water chemistry conditione to identify the most
efficient flocculantsa.

4. Treatment with flocculants should be tested in
conjunction with other treatments, including filtration and

cyclone golid-liquid separation.
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APPENDIX A

Sumpary Excerpts from EPA Proposed Effluent Limitations

PROPOSAL

Subcategory BRT X BAT NSpS=BAT
<20 yda3/day No limitations None None
>20 yds3/day 0.2 ml/L SS BCT=BPT- BAT=BCT=BPT
to 500 yds-“/day 2,000 mg/L TSS
all mines (Simple settling)
all exc. large s8same as above Process water- BAT=BCT
dredges > no discharge
4,000 yds/day (recycling)

axcess water-

0.2 ml/L S8

2,000 mg/L TSS
(simple settling)

dredges > Procesg water

4,000 yds3/day no discharge BCT=RPT BAT=BCT=BPT
(recycling)
excess water-—
0,2 ml/L S8

2,000 mg/L TSS
(simple settling)

POSSIBLE REVISIONS

Subcategory BPT BCT BAT NSPS
<1,500 yds/yr. No limita- None None None
tions

>1,500 0.2 m/L SS BCT=BPT Process water- NSPS=BAT
<70,000 yds3/yr. (Simple no discharge
(small open-cut) setting) (recycling)

excess water-

0.2 ml/L SS

(simple settling)



70,300~230,000

Ydl /yr.

(m.dium'
open——cut)

>238,000
yds /on
(large,

opencut)

Dredges

0.2 ml/L SS
(Simple
settling

or

0.2 ml/L S8
(simple
settling)

no discharge
(recycling)
excess water-
0.2 mg/L S8
(simple
settling)
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Procens water- Process water- same
no discharge no discharge options

(recycling) (recycling) as at

excess water- excess water- BAT

115 mg/L TSE 0.2 ml/L 88

(chemical (eimple settling)

treatment) or 0.2 ml/L S8

no limitation and 115 mg/L TSS
(simple (chem. treatment)
settling)

same options:’ same same

as for medium,
open cut mines

same options same same
as medium and
large open—cut

8
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APPENDIX B

Wentworth Size Class

Microns
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Granule

-~ Very coarse sand

Coarse sand
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Coarse silt

Fine siit

Clay
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APPENDIX C

Sample Solution Preparation Procedure
for DCP Spectrometric Analysis

Mix 0.20 g of -200 mesh sample with 1.00 g of lithium
metaborate, transfer to a high-purity graphite fusion crucible
and place in a muffle furnace at 1000 d'e(gtu C for 10 minutes.
With a pipet transfer 100.0 ml of the 4% HNO3 dissolving solnﬁion
to a flat-bottomed 200 ml teflon or polypropylen beaker and add a
teflon-covered stirring bar. Remove the crucible from the
furnace, swirl to gather uncoalesced beads of molten material amd
pour the melt into the beaker., Cover to limit evaporation loss,
and stir gently over a magnetic stirring unit without heating
until solution is complete. Transfer the solution to a clean
plastic bottle with a tightly fitting cap. Pipet 4.0 ml of 2000
ppm solution and add 69.0 ml of the 10 ppm Ge solution by means
of a pipet. The concentration of the sample for the determination
of Al, Ca, Pe, K, Mg, Na, Si is 125 ppm.
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