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ABSTRACT

This ig a report on experimental application of hydrocyclones for
the wastawater treatment in placer mining, with emphasis on their use in
combination with a kind of large molacular weight flocculant, The
simultaneous flocculating and claxrifying of placer mining effluents was

tasted and evaluated.

Tasts showaed that Suparfloc 84 can be used as a flocculant to
improve the thickening performance of the hydrocyclona. This thickening
improvement demonstratas that, contrary to praviously held theories,
floc can be capable of resisting the shear forces in tha hydrocyclone.

For the 4-inch~diameter hydrocyclone used in this study, more than
80% of solids coarser than 16 microns in dlameter can be removed without
the addition of flocculants. The optimm flocculant dosage and feed
prassures for the removal of fine solidsg also ware determined. Based
on the data obtained, a flaowchart of a closed circult system for the

treatment of placer mining effluents wag reacammended.
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CHRPTER 1

INTRODUCTION

When this country was young and inhabited by few peoplae, tha streamg,
Iriﬁe:s..and lakes were able to provide all the clean watar needed by man
and take away all the wuétes created by him. However, with growing
population and increasing demand for goods and sarvices, the public,
industry and governmant at all levels have becoma aware of the need to
manage more effectively the water rasources of this country.

In the past, the disposal of the utilized water in placer mining
operatlons was usually a fairly simple matter. Ditches wera often used
to drain the utilized water into the nearest stream or river. The concapt
of "water is water” was ganerally accepted without too much concern over
what was in it, since icw-cost products and sarvices, rather than clean
water, werae what the public wanted.

During the lagt two decades, this country has seen a dramatic
change in its attitunde toward watar. Society is now demanding cleanar
streams, rivers, and lakes, frea from pollutants that can interfere with
mltiple use of thase resources. New laws have been adoptad that prohibit
everyone from discharging water into st¥eams unlags it is free from
Pollutants. These new laws also have affacted the placer mining industry,
in that mine operators can only discharge the utilized watar when it, too,
{3 free of pollutants. Thus, removal of pollutants from the utilized
water is ona of the more serious probhlems facing the placer mining

industry today.
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Legislation and Regulations

The Federal Water Pollution Control Act Amendments of 1972
(Public Law 92-500) is one of the most important requlations concerning
the environmental consequences of the mining industry. Its goal was
described as follows:

"The ocbjective of this Acﬁ is to restore and maintain the chemical,

physical, and biological integrity of the Nation's waters ...
It is the national goal that the discharge of pollutants into the
navigable waters be eliminated by 1985 ... . " Under this Act, the
effluent limitation requirements are: (1) (2)

l: Best practicable control technology currently available

(BPCTCA) shall be achieved not later than July 1, 1977,
2: Best available technology economically achievable (BATEA)
shall be applied not later than July 1, 1983,
3+ New source effluent limitations and/or standards, to be
applied to the construction of all new operations which
is bequn after proposed standards are first published.
It is hoped that with application of the above criteria, the national
goal of zero source pollution will be met.

Based on the BPCTCA, the U.S. Environment Protection Agency (EP3)
published tha intarim effluent limitations and guidelines for mining and
mill industrieg excluding the coal industry. Among thege guidelines, the
limitation of less than 20 mg/liter of suspended solids has the most
imyortant affect on the placer mining industry (3),

In May 1976, the EPA issued the first batch of National Pollutant

—_—



Discharge Elimination Systam (NPDES) permits. Under these permits the

effluent limitations are:(4)

l1: The volume of settling ponds should be large enough to contain .
the water supply of one day's operation or the maximum
concentration of sattlaable solids from mining shall not exceed
0.2 ml/liter.
_2: The turbidity at a point 500 feet downstream from tha discharge
shall not be higher than 25 Jackson Turbidity Units compared
with the turbidity in the receiving stream.
) In Alaska, under section 303 of the Federal Watar Pollution Act
Amandment, which encourages states to aet their own watar quality ‘
standards, the Alaska Department of Environmental Conservation (ADEC)
rasponds to set the standards foxr the prevention and abatement of watex .
pollution. '
In Octobar 1973, ADEC issued its watar quality standards as Alaska
Adminigtrative Code {(AAC) Titlae 18, Chapter 70, and amendments waere made
in Janvary 1979. According to this coda, tha limitations for effluents
from placer mining are: (5) .
1l: . The turbidity shall not be 25 NTU greater than that inp
recelving watar.
2: The temperature shall not ex'caed 259¢. N
3: The pH value shall be within the range 5.0-9.0.
4: The dissolved oxygen shall not causae detrimental effacts
on astablished water supply treatment levals.
S: There shall be no imposed load of sediment that will affgct

established water supply treatment levels,

—_—



hmong thede limitations, the turbidity problem is most gerious

for the placer mining industry in Alaska.

The Purpose and Scope of Study

Two of the serious problems in Alaskan placaer mining are insuffi-

ciency of water for continuous operation of mining and the turbidity

problem in the effluent. The purposa of this study is to investigate

the application of hydrocyclonas for a closged circuit water system to

help sclve thagse problems.

The gcope of this study includes:

1:

23

3

5:

Review of the theories of hydrocyclones.

Preliminary tests of the hydrocyclone used in this study.

Detemmination of:

{a) -Thn separation efficiency of the hydrocyclane on
diffarent particle sizes of solids.

(b) Effect of temperature on separation efficiency.

(e) Effect of feed concentration on separation efficiancy.

Tasts of the hydrocyclone with different feed pressures and

flocculant loadings.

Proposal of a flowchart for a zero discharge closed circuit

system for placer mining in Alaska.

Description of Areas from which Samples were Obtained

Samples wara collected from the Circle and Livengood districts

(Figura 1) in August 1979.



O Study Area

"~ Figmwe 1. Index map shows mining areas studed.




Circle District

The Circle district lies batween latitude 65°15' and 65°S1' N. and
longitude 143%53' and 145947' w.

According to Mertie, () unconsolidated alluvial daposits ranging
from Pleistocene to Recent in age lia above tha consolidated bedrocks.
These bedrocks have been mapped as the following geoclogical formations: (6)

Granitic recks: Mesozonic

Chert formations: Mississippian

Rampart group: Lower Misgissippian

Limegtone: Devonian or Silurian

Noncalcareous sedimsntary and greenstons: Devonian to Ordovician
Birch Craek Schist: Pre-Cambrian

It is the granite rocks which are believed to play a very important
rola in the processes of mineralization. These granitic rocks are
composed of biotite and hormblende granites with minor proportion of
quartz monzonite, quartz diorite, diorite, and gabbro. The unconsolidated
alluvial deposits consist of gravel, sand, and silt and are coverad with
black muck composed of silt and peaty material as well as a few beds of
sand or gravel. The latter gravel deposits conform closely with the
general run of fluviatile deposits found elsewhera. “Séma of the
fluviatile deposits were formed by ancient or present streams that drained \
areas mineralized with gold; these deposits also contain gold, and where
the auriferous content is sufficiently high they consituts commercial gold
placers.” Overlying the gravel stratum is a layer of overburden or muck'
of 2 feet to several tans of feet in thickness.

Wastewater was obtained on a mining site at Bonanza Creek depicted




in Figure 2. At this stnﬁion, a2 bulldozer was utilized to transport
gold-bearing gravel to the sluice plate and sluice box. The tatlings
ware ramoved by a front-end-loader. Wastewater sample was collected
at a distance of about 100 feet from the discharge end of tha sluice

box during the period of sluicing operation,

Livengoed District

The Livengood district lles betwean latitude 55°10' and 65°55' N.

and longitude 147°40' and 149°30' wW.

L)

Gold occurs in the gtavel laysr that overlies bedrock. The bedrock
is composed of metamorphosed clastic facies of sédimentary rocks,
metadiorites, maetabasalt, sepentinite, peridotite, and silica-carbonate~
talc schists (7). he gold-bearing gravel ranging from 4 to 20 feet in
thickness is uvsually overlain by overburden composed ¢f harren alluvium
and loess. The overburden in this area may he up to 100 faet (8).

The wastewatar sample was obtained on 2 mining site at Ruth Creek
depicted in Figure 3. At this station a bulldozer was employed to strip
the overburden and a front-end-loader for transportation of the gold-
bearing gravel to the sluice box. Both machines were used to remove
the tajilings and stack them qtf the mining limits. Wastewater sample

in thig district wag also collected at a distance about 100 feet from

the discharge end of the sluice box in a relatively fast stream.

(L
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Figure 3. The sampling sita at Livengood district.
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CHAPTER 2

THEORETICAL ASPECTS OF HYDROCYCLONES

b

The liquid cyclona usually is known as the hydraulic cyclone
through the prevalence of Applicatioua where water ig used as the £fluid
medium. “Hydraulic cyclone™ has been abbraviated to "hydrocyclone" and
sametiqaa even "hydroclone.” Howevar, "hydrocyclone" is the must common
term used both in induser and in research.

The first hydrocyclone patent was grantad ﬁo Bretnay in the United
Statas in 1891 (9’. However, the hydrocyclone has been utilized in
industry only since 1935 wheraeas the gas cyclone has been known and in
ganeral use throughout industry for more years.

Application of the hy;irocyclone in the pulp and paper industry was
developed in 1935 before serious thought was glven to its use in other

industries (10, 11}

In the late 1540's and early 1950's, numerous
commercial ingstallations were in successful operation, and raported in
the technical literatura of several differents fields: coal praeparation

(12) {13)

, mineral dressing , the clarification of process watar_(l4),

food industry, and other fialds.

Principal Features of a Hydrocyclone

The hydrocyclone is a device in the form of a cylindro-conical
vesasel into which the £luid to be processed i3 injected under pressure.
The tangential injection of the fluid into a vessal produces the

rotation of fluid and high centrifugal force withia the vessel. This

10



centrifugal force and rotational motion csuse relative movement of
materials suspended in the fluid thus permitting sepazration of these
matarials from each other or from the fluid. The rotating £fluid is
forced to spiral towards the center to escape, which the suspended
golids are forced to move in an outward radial direction due to the
centrifugal force. Ancother force acting on the suspended solids in an
inward radial direction isg the drag force of the moving fluid. The
magnitude of these forces is dependent mainly on the size and shape of
the solids, density of the solids and of the fluid, viscosity of the
fluid, feeé pressure, and the dimensions of the hydrocyclona. Solids
of sufficient 3ize and density are ejectad outward to the walls ;nd
spirally discharged to the underflow. Most of the water with
uneliminated fine solids moves radially inward, along the path of the
outar spiral to a second inner spiral at the hydrocyclone core, and
paszes out the overflow. The inner spiral is the most critical to
fluid movement because of its small radius and higher tengential
velocity. The centrifugal force which furnishes the elimination power
will attain a maximum at this inner spiral., A typical hydrocyclone is
shown in Figurs 4. -

The operating characteristics of a hydrocyclone in wastewater
treatment are summarized as follows:

(1) Simplicity and low cost: The complete absence of moving

parts and ease of conatruction make the hydrocyclone
attractive from the point of view ofkboth initial capital

and operating costs. Capital and operating costs ara naturally

variabla depending on design, matarial of construction, use for




Cylindeionl vachon B

Figue 4. Principal features of a hydrocyclane.



(2)

()

(4)

special features, etc. However, according to Brodley (13,

‘a figure often used in comparing the hydrocyclone with a

gravitational clasgifier {s that the hydrocyclone costs 20 to
50 percent of the cost of an equivalent classifier.

Small space requirement: A hydrocyclone usually is installed
with its axis vertical, hance the floor space required is
extremely small for the capacity involved. It is not unccmmon
for the floor space to be decreased by a factor of 10° by the
use of hydrocyclones instead of settling tanks(ISJ.
Limitation of separating effect: A hydrocyclone requires

water pressure energy to achlave rotational motion and centri-

.fugal acceleration. Achievement of high separational affect,

that is, separation of fine solids, is pogsible by increasing
the pressure employed. This utilmately becomes unaconomical,
and single ﬁydrocyclones rarely are operated with a feed
pressura higher than S50 psig in industrial application.
Clagsification size is increased by an increase in hydrocyclone
diameter. The throughput capacities of hydrocyclones fall off
vary rapidly with a decrease in diameter-of hydrocyclone.
Therefore, for affective separation of solids, a practical limit
of clas;ification size is approximately 5 microns.

Erosion: Hydrocyclones have stationary walls, while the liquid
and solids rotatae within them. The erosion problem in

hydrocyclones is therafore severe.
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A Review of thae Performance of Hydrocyclones

Hydrocyclone operation still is not an exact science and many
agpects of design and operation remain controvarsial. Workers in
many countries have paid considerable attantion to both theory and
practice. Most of these workers have developed theliy cwn theories.

In this study, only a faw of them will be discusaed.

Flow Pattern in a Hydrocycloanse

In 1952, Kelsall measured tangential velocity vt and vertical
velocltcy v& at selected points in the hydrocyclone by following the
motion of suspanded solids using an optical device (16) | phe zelative
values of thesa componants are given in Figures 5 and 6. Below the
bottam of the vertex finder, at any horizontal lavel, starting from
near the conical wall, tha tangential velocity increases with dacrease
in radius (r) according to the relationahip

vt.rn = constant, where 0<n<l

This holds to regions of the envelope of maximm tangential velocity
(Sea Fig. 7) whera V. reaches a maxioum value. At this envelops, the
centrifugal accelaeration, Vtz/r reachas a maximum value. As the radiug
is furthar decreased, tha tangential velocity decreases in the relation-
ship of Ve = k. r, where k is constant

Above the bottom of the vortex finder, tangantial velocity increases
from the hydrocyclones wall toward its axis but decreases rapidly as tha
wall of the vortax finder is approached.

Prom analysis of results of testing different hydrocyclones ranging

from 3.0 - 6.0 inches, Lilge concluded (17);
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- (1)  The maximum tangential velocity in the conical portiocn
of a hydrocyclone occurs at 0.187 I
(2) The radius of the air column is 0,083 La.
‘Where r- ism the radius of the hydrocyclone at the cylindrical portion.
The same relationships were obtained when the underflow diameter
was reduced progresasively until no fluid was reported to underflow.
Beneath the bottom of the vortex finder, the greatest downward
velocities occur near the conical wall at any horizontal lavel and
the downward velocity decreasaes as r decreases, becoming zero at tha
envelope of zero verzical velocity, then upwerd movement increases
until thae gteat?st upward velocity is found at the wall of the air
column in the centar of tha hydrocyclona.
In regions between the conical wall and the envelope of zero
vertical velocity, all ligquid flows downward, toward the apex (underflow);
betwaen the envalope and the central axig, all ligquid flows upward, toward
the vortax findar (overflow). The suspended sc0lids are discharged with
the underflow, unlegs these solids move inward through the envelope of
zaro vartical Qulocity bafore the underflow cpening of the hydrocyclone
is rQachad.
Above the bottom of the vcrtex finder, downward velocity decresases
to zavo as r decreases. Then the movement becomes upward, increasing
to a maximum, then raturning to zero. A large downward velocity {s found
near tha wall of the vortex finder. This large downward velacity
corresponds to a short circuit f£low caused by the decreasing tangantial

valocity. Thus, the separation efficiency is relatively low in this

region.
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The relationship between V,, and Vt' which is indapendent of the
feed pressure, can be expressed ag (16):

Vv 8
8. £ AN —
Vt 2

Where 6 is the angle of the conical portion of the hydrocyclone.

The inward radial velocity Vr at any horizontal level near the

conical wall tands to be:

- 8

As r decreasas, V_ decreases and beccmes zero in regions near the
wall of the air column. At levels above the bottom of the vortex finder,

radial movement of the liquid may be outward due to recirculatory flows.
Porces Acting on the Solids within a Hydrocyclone

The total force F acting on the solids is made up of three

components:
P’Fd+Fv+Pc

whaere Fd : drag force

) 4 vartical forca

v

F centrifugal force

-]
The drag forca acting on the solids at any point within a hydrzro-
cyclona can be axpressed as (18) ,

2
Fa = 62.4 Cd AY  V

—33— £
whers g : gravitational acceleration, ft/sec.2
Cq ¢ drag coafficient
A : cross sectional area of soliag, £t2
7 :+ specific gravity of fluid
Vv : velocity of solid, ft/sec.
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The magnitude of F, determinas the ‘u.m. of residence of a solid
" within a hydrocyclone on either side of the envelope of zero vertical
velocity. The vertical force affects the valocity of solids, V, thus
affacting E‘d also. I1f the component of Fa in a radial direction Fg,

ig considered:;

Fap = 62.4 C Ay, V.2 (1)
29
where Vr is radial velocity
The centrifugal force is
F_o= 62.4 U (vg~vg) v ? (2)

c L
g r

where U is volume of gsolid and
Yg L1s specific gravity of solid.

At the position whera

Fd: - Pc
) . 2
Thus 62.4 C4 Ay, v 2= 62.4 U (Yg-Tg) v,
29 g T
or CyAVg V2a2 (yg-ye) U V2 (3)
d £ r Ys™ YE t

T
This equation is the Cone Force Equation.

For spherical solids, it becomes

2 2
r

whera 4 is diameter of solid.
Por different golids and liquids, the values of Cy,Yg ,¥g
affective values bt d, and dimensions of the hydrocyclone (such as the

ratio of diamatar of apex to diameter of vortex findex) all contributae



;o determine tha relative magnitudes of drag, centrifugal or vextical
forces. Because it is difficult to define all these variables with
precision; the prediction of overall performance of a hydrocyclone

without_l@ﬁit§tiqns‘andidisadvantages has not yet been possibla.

Separation Effectiveness of a Hydrocyclone

Tﬁe'éapa:ation effactiveness of a hydrocyclone can be expressed

in tﬁo'wayﬁxw
(1) Actual separation effactiveness E, = definad as the fraction
of the feed solids which go to the underflow.

(2) Corrected or reduced separation effectiveness E_ ¢ defined

Whare R, is flow ratio defined as the ratio of underflow rate to total
flow rate.

In industxial application of the hydrocyclone, actual saeparation
effectiveness often is used, but in the study of “how centrifugal force,
drag force or vertical force acts on the solids,” corrected separation
effectiveness is prefarred.

The tarm, dgq, Very frequantly is used inst=ad of actual separation
effactivenass or corracted geparation effectiveness. It is defined as
the particle diameter which distributes SO percent to overflow and S0 percent

(16, 17, 19, 2°>aaaumad that solids attain an

to underflow. Many workers
equilibrium radial position in hydrocyclones where the terminal velocity
is equal to fluid radial velocity. Different solids have diffarent

equilibrium radial positions. If this radius is less than the radiug of

zero vertigal valocity, the solid will go to the overflow being in an



upward stream, while those with the radius larger than that of zero
vertical velocity wili go to the underflow. The solid with its radius
coincident with that of zero vertical velocity is assumed to be of the
size equal to dgq- | |

Dahlstram developed one of the earliest expressions of dc £from

0
a 9-inch~diametar cyclone (2'1). The egquation is

. 0.68
dgq = 81 (D D)

(173, 0.5 (4)
0.53 pg =P

g D g are diameters of hydrocyclone inlet and vortex finder

respectively. Q. is total flow rate

Where D

Units in this equation are dso — wmicrons

Dy, Df — inches

) Q =— gallons/min
PgrPg ~— g/cl!l3
By impartingviscosity, u, and diameter of hydrocyclone, bc'
Yoshicka and Hotta (19) carried out a serias of tests of different

hydrocyclones with diameters ranging from 3 — 6 inches to develop

the equation

0.1

0.6, 0.8
dso.s.mos( u 0.5 B¢ D; 6°f

Pg=fg 0.5
» . Qt

(5)

whare units: dgg — microns
u - kg/m.sec
Pgf e~ kg/m
Der Dy» Dg — meters

1

Qt — 1l/gec

22
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Bradley (20) did not ;gree with Yoshioka's assumption made for
equation (5), which was "the locus of zero §ertical velocity coincided
with the suxface of an imaginary cona whose apex is at the apex of the
hydrocyclone ¢one and whose base is at the bottom of the vortex findaex,”

and he introduced Q and a facter a into the equation, it baecame

8
-tan..z...u . ( 1-Ry)

0.5 2.3D¢ 2
a = 2.7 ( ) D
50 oA ). i
DC‘ Qt' (pﬂ - pf) DC a (6)

A year later, Bradlaey (21) revised equation (6) by introducing the

concept of “conical classification surface,” (22) then tha equation read

2 8
d.. = 3 (0.28)R.Dy tan 2 +u - (1-Rg)y 0.5 7
9 - 5 Py, -Pg)
a ¢t % Ca £

whera and n are factors dependent on hydrocyclona design and £luid
proparties.
Starting from Stokes' Law, Riatama (23) jntroduced pressure drop

p, and length of hydrocyclone L. and found

dsozo Ps - pfz IL L4 p - 3—6 . Vv . rc
B (pf. Qt) T Vi Dy

whare V is inlet veloecity.

Then, Rietema stated that above a certain minimum Reynolds Number,

v r
Yy is practically constant for a particular cyclone so that 36 .'v . ¢
i

is constant and tarmed the “"charactaristic cyclona number,™ cySo'
Evidently, Cyso is dependant only upon the geometric porportions of the
hydrocyclone, but independent of pressure drop and Reynolds Number. A
good hydrocyclone design should give a minimm value.of CYso which

satigfies the requirements of low dgy, low B, and large Q..



In 1976, Plitt (29

processed the data obtained from tests carried
out using l% to 6-inch-diameter hydrocyclones. The equation relating

the dg, size to hydrocyelone variahles was determined-to be

0.46 .
35 D .0, 2% p .12 anp (0.0630)

a - C i
0.71 ,0.38 .0.45 - 0.5
D, h Q (ps- CPY (8)

S0

Whexre h is the distance from tha bottom of the vortex finder to the

top of apex.

Unit';s usaed in equation (8) aras:

dgg — microns

De» Dys Dfs Dy b — inches
Pg=Ppe — g/cm3

g -— percent solids by volume
0 — fe3/min.

Plitt then stated that the solid content of the fead was the
variahle uhi;h influenced the magnitude of dgy the most. He concluded
that the prineipal reason for this is an increase in the effective pulp
viscosity with increasing solids content. Hindered settling and under-
flo; crowding may also be factorg which lead to this effact. -

There is an intaresting relation betwean total flow rate, Qt; and
dgge The generally accepted relationship in practics is an exponent

for Q¢ nmumerically greater than 0.5, (25) that is

- .
d50%Q, - where x<0.5
But in soma squations such as equationg (5), (6), and (8), x'= 0.5

or lass can be saan.

24
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Many e.fficiency equations could not be mentioned in this study,
such as Haas equation (26), Lilge equation, Gelder equation (27 , ete.
Although some afficiency equations will give a result tolerably close
to practice under certain conditions, there is no efficiency equation
without disadvantages in application or limitations in theoretical or

empiricai development.
Specification of the Hydrocyclona Used in this Study

A Krebs Cyclonae, Modal D4B-12°-827 was used in thisg study with its

specifications as follows:

Dy + 1.5
h : 20°
o : 12°

D :. 0.35", 0.60", 0.85" respectively
Df s o » 75" 'l lc 00. i lo 25" réspctively

D. : 4°



CHAPTER 3
EXPERIMENTLL TRCCEDURES AND RESULTS
Arrangement of Apparatus

Pigure B8 is a photograph of the cloged circuit cyclone testing
system used in this study. The circuit consists of a Denver 2x 2 SRI
sand pump, delivering into a tangaetial entry into a 4" hydrocyclone
from an open reservoir tank that receives both overflaw and underflow
discharge from the hydrocyclone. A presgura guage set right bafore the
hydrocyclone indicates the feed pressura. Feed pressure can be adjﬁsted
by the setting of the valve hetween the pump and the pressure guagas.
Since the hydrocyclone discharges to an open tank, the feed pressure
(guage reading) is, for practical purposas, the pressure drop which is
defined as the-ptessuxe differential betwean the cyclone inlet and
overflow. In such cases then, the pregsure drop and hydrocyclone feed
pressura are synonymous. Where the hydrocyclone overflow discharges
against a head (back pressure against the hydrocyclone overflow), the

terms are not synonymous.

Flow Rate and Flow Ratio

The tests to detarmine flow rate and flow ratio were conducted with
clear water. Overflow and underflow were discharged to two different
tanks by using two flexible pipes under free discharge conditions of
operatién. Table 1 shows the results.

As would be expected, total flow rate Qt is an exponential function

26
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TABLE 1

The Flow Rates and Flow Ratios Under Different Conditions

(p:i) (iﬁgh) . <ig§n> (gallggs/min) (gallggs/min) cgallgﬁs/min) ¥
5 0.35 0.75% 1.3 14.5 15.8 0.080
5 0.35 1.00 0.7 19.5 20.2 0.034
5 0.35 1.25 0.6 22.2 22.8 0.027
5 0.60 0.78 8.4 8.8 17.2 0.49
) 0.60 1.00 4.9 16.5 2.4 0.23
5 0.60 1.2% .1 21.4 25.5 0.16
5 Q.85 0.75 16.0 4.8 20.8 0.77
5 0.85 1.00 12.2 10.4 22.6 0.54
5 0.85 1.25 8.8 19.5 28.3 0.31
10 0.35 0.75 1.6 19.4 21.0 g.078
10 0.35 - 1.00 0.8 26.1 26.9 0.031
10 0.35 1.25 0.8 32.3 1 0.023
10 0.60 0.75 10.8 13.0 23.8 0.45
10 0.60 1.00 ' 6.4 22.6 29.0 0.22
10 Q.80 1.25 4.9 26.5 4.4 0.14
10 0.85 0.75 20.1 7.3 A27.4 0.73
10 0.85 1.00 16.6 15.2 31,8 0.52
10 0.85 1.258 il.Z. 26.9 38.1‘ 0.29
15 0.35 0.75 1.8 22.8 24.8 0.074
15 0.35 1.00 1.0 32.2 3.2 0.030
15\ 0.38 1.258 1.0 39.6 40.6 0.025
15 0.60 0.78 13.1. 16.0 29.1 . 0.45

15 0.60 1.00 7.6 32.1 39.7 0.21
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20
20
20
20
20
20

20

30
30
30
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30
30
30
30

30

D
(inch)
0.60
0.85

0.85

0.85

0.35

0.335

0.35

o‘ GO

0.60

0.860

0.85

0.85.

0.85

0.35
0.35

0035

0.60

0.60

0.80

0.85

0.85

o‘ 85

D
(inch)

1.25

0.75

1.00
1.25
0.75

1.00

1.25

0.75

1l.00

1.25

.75
1.00
1.25
Q.75
1.00
1.25
0.75
1.00

1.25%

29

TABLE 1
(Cont.)

Q| Q0 Q¢ Re
(gallons/min)  (gallons/min) (gallons/min)

6.1 36.7 42.8 0.14
24.5 9.2 33.7 0.73
20.7 18.9 39.6 0.52
12,9 37.3 §3.2 6.30

2.0 26.1 28.1 0.071

1.2 . 7.6 38.8 0.030
1.2 46.2 47.4 0.025
15.2 17.9 33.1 0.46
8.7 32.8 41.5 0.21
6.7 | 43.1 49.8 0.14
29.7 9.7 39.4 Q.75
22.8 2l.4 44.2 0.52
13.9 37.3 53.2 0.30

2.4 31.8 34.2 0.069
1.6 45.7 47.3 0.033
1.5 56.3 57.8 0.026
19.4 22.9 42.3 0.46
l10.3 38.9 49.2 0.2

8.9 51.2 60.1 0.1s5
37.6 13.2 50.8 0.74

. 29.5 26.1 55.6 0.53
19.0 . ; 46.4 65.4 0.29
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TABRLE 1.
(Cont.)
P, Dg o, 2 Q% R,

(pei) (inch) (inch) . (gallons/min) (gallons/mwin) (gallons/min)
35 0.358 0.78 2.5 34.9 37.4 0.067
35 0.38 1.00 1.7 48.7 590.4 0.033
35 Q.35 1.25 1.6 60.8 62.4 0.025
35 0.60 0.75 20.7 24.4 4s.1 0.46
35 0.60 1.00 1.5 43.1 54,86 0.21
35 0.60  1.28 9.2 56.7 65.9 0.14
35 0.85 0.75 41.4 14.4 55.5 0.74
35 0.85 1.00 32.4 28.7 61.1 0.53

35 0.85 1.25 20.4 50.0 70.4 0.29
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of a pressure drop. Again, pressure drop and feed pressure are synonymous'
under frae éischarge conditians. A linear relati{onship can be obtained
when Qt is plotted vs pressure drop on full-log scale. This relationship
is depicted in Figure 9 and can be expressed as follows:

th Px
(16, 28, 29)

Where x has bean reported in the range of 0.38-0.50

If the diameters of apax orifice and vortax finder Da and Df are
considered as the two other variahles, then
Q¢ = K.DyY.p Z.p¥ (9)

unitg: |
D,» Dg — inches
Q¢ — gallons/min
P — pai
The data, excluding the feed pressure of 5 psi were processed
using a linear regresszion program shown in Appendix 1. The linear
regression coefficient K for equation (9) was found to be 11.1 and
X, ¥y, and z were 6.49, 0.23, and 0.75 raspectively. The equation
thus became
Q, = u.ma°'23 n£°'75 p0-49
The error defined as (SSE/(n-2))0-5 is 2.2 gallons/min where SSE is
the sum of Squa:es of errors and n the number of data. The accuracy
dafined as l~(error/average flow rate) would be 958 for this equation.
By using the similar program, with an accuracy of 97% the R, can
be exprassaed as:

Ry = 0.50,2 + 0.55D,% + 1.85D, = 0.75D, = 1.5D,D, + 0.05



Total flow rate, gallons/min

- D

4a
1 0.35"
2 0.38"
3 0.35"

100

llj_ll

0.75"
1.00"
1.28"

50—
L S
7/:/ g
) ,///”/’r’/’, "/”
‘//Jl
- ‘/‘
b
10—
s—
L A
L TS R ) N U N S B
5 10 S0
Feed pressure, psi

Figure 9. The effect of feed pressure on the total flow ra=te.
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Total flow rate, gallons/min
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It éan be seen that diameters of yortex findar and apex orifice
are the important variables which affect the flow ratio. For'a large
enough feed pressure (not less than 10 psi) and D, (not less than
0.60 inch), flow ratio is constant and independent of feed prussure when
D, and Df are specified. When S psi of feed preasure is employed, the
flow ratio is slightly larger than that in higher feed pressure., 1In
this case, the presence of an air column plays an importaﬁt role and it
is dependent on the feed pressure conditions. At low fe;d pressura to
a particular hydrocyclone, the air column is not wall developed and
fluid is easier to gat through the apex orifice, thus flow ratio is_
higher. As the feed pressure increases, the air columm develops. Howaver,
Further increase in feed pressure might cause the obscuration of the apax

orifice by the larger air column and the flow ratio might decrease.

The Method Used for Particle Size Analysis

In 1536, Wwadell (30) derived an exprassion from Stokes' Law for tha
settling velocity of a particle intarmediate in shape baetween a disec and
sphere. This is considered to be a better approximation of the avarage
shape of a mixture of particles of varying shapes. The values of Wadell
sattling times of different size particles are shown in Table 2 (31)

Sattlement size analysis by pipatte is based on these data. It has
bsen raported that it offers bettar over-all results for a moderate
ranga of silt and clay concentration (6 - 24 g/litar) with the particle
size in the range of 2 - 62 microns than the hydrometer analysis does (32},

The principle of pipette analysis is depicted as follows:

To analyze particle size distribution for material finer than 62




. TABLE 2

: Times of Settlings Camputed Accordings to Wadell's
Modification of Stokes' Law at 20°¢¢3%)

Diameter Valocity Depth Time of Settlings
micyrons cm/sec cm hr min sec
62.4 0.223 20 0 1 0
31.2 0.0588 10 0 2 59
15.6 J.0139 10 0 11 58
7.8 0.00349 10 0 u7 51
3.9 0.00087 10 3 12
) 2.0 0.000217 7 g8 58
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mic;ons, a 20 ml aliquot is first removed from 1000 ml of the hamogenized
suspansion 1 minute after mixing, at the dapth of 20 cm under the surface.
This sample represents 1/S0 of total particles in the suspension. Thus,
an aliquot can be taken at a specifisd time and depth so that a known
porti&n of the coarsest particles are excluded from the sample. The
total waight’ of sediment represented in this aliquot is subtracted from
the amount of total particles to get the waight of the coarser particles.
The exact pipette analysis procedure is as follows:
l: Prepare 0.55% dispersing solution by using Calgon (sodium,
hexametaphosphate) as dispersing agent.
2: Obtain 200 ml thoroughly mixed water sample and mix it with
100 ml of digpersing solution in a mixer for S5 minutes.
3: Screen tha dispersed sample with a sieve of 230 ASTM mesh
(62 microns opening). The undarflow goes to a 1,000 ml
graduated cylinder.
4: Use washing bottle to wash =230 mesh material through the
siave into underflow.
5; Fill the graduated cylinder exactly to 1,000 ml Qith the
dispersing solution.
6§: Remove the siave and wash the retained fraction of solids
into a pre-weighed filter paper.
7: Dry and weigh the filter paper and +230 mesh material,
then record the weight.
8: Weigh and record 4 aluminum pans to the nearest 0.0001 ¢gram.
9¢ Mix the sample in graduated cylindaer completely by inversion

for cne minute with a rubber stopper covering the opening of

graduated cylinder.
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10: Immediately after mixing ceases, set timer on clock.
1l: After a one minute period, remove the initial aliquot
portion of 20 ml from 20 cm below the surface to the
aluminum pan with a 20 ml transfer pipette fitted with a
suction bulb.
12: Remove the 31, 16, and 8 microq aligquot portions according
to the times and depths indicated in Table 2.
13: Dry the aliquats in an oven at 90°C, then cool in a
degicator and weigh to the nearxest 0.0001 gram.
14: Calculate the fraction weight of different size of solids
and total weight of solids in the water sample.
Blank tests of alumimun pans with 20 ml dispersing solution within
them were conducted and dried with the aliquots simultaneously in the
oven for all pipette analyses. The weight of dispersing agents in the

aliguotg were subtracted from the weights of dried aliquots.

Particle Size Distribution of Samples

The particle size distribution of samples fram both the Circle
district and the Livengeood district were conducted by pipatte analysis.
Table 3 shows the results.

A pycnameter was employed to measure the specific gravity of dry
golids. Dry solida waere obtained by drying the watmr samples in an oven
at 60°C. It is found that the specific gravity of soclids from the Circle
district {2.68) is only slightly higher than that of the Livengood district

(2.862).
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TABLE 3

Particlae Size Distribution of Sampies

Circle District Livengood District
Particle size Concentration Wt. $ Concentration Wt. %
micron - gm/l gn/1
+62 2.83 17.3 3.56 8.5
-62 +31 2.03 13.3 9.89 23.6
<15 + 8 3.32 21.8 6.05 L.y
bt 8 . 3.88 25.5 13083 i 3300

15.23 100.0 41.85 100.0
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The Effect of Design Variables on Hydrocyclone Performance

Diametar of apex orifice:

Three apex orifices with variable diametars were utilized in
this study. As Van Ehbenhorst Tengbergan and Rietewa (33) pave
stated, "the minimum total amount of underflow necessary is equal
to the amount of solids separated plus the total amount of ligquid
which is entrained in the pores between the solids." It can be
said that flow ratio is a useful guide for the approximate selectionm
of apex orifice size to meet the particular need. 1In general, flow
ratio should ba slightly higher than the solid fraction in the
Qlu::y. |

Diameter of vortex finder:

To allﬁw an opportunity for the re-entrainment of the particles
in the short circuit flow it is ﬁsual to remove the overflow stream
by means of a vortex finder. When solids flow down the outsida wall
of the vortax finder, re-entrainment occurs. Therefore, an increase
in the length of vortex finder allows more tims for this re-entrain-
ment and increases the separation effectiveness of the coarse

- particles. The diameter of vortex finder has a large influence on
the flow rata and flow ratio. This can be found in Table 1. It
also affects the value of dso, and generally speaking, the larger
the diamater of the vortex finder, the coarser the dg, and the
greatar the proportion of solidg reporting to overflow.

Tha effects of diametey of the apex orifice and the vortex findarx
on the hydrocyclone performance at variable feed prassure for samples

from the Circle and Livengood districts are shown in Figures 10 and 11
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Figure 10. The effact of feed pressure on the separation
effectiveness (Circle district sample).
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and Appendices 2 and 3. It was found that a D, ©g 0.60" and a D, of 1.25%
forms best combination for this study. The reasong ara:

1: Relatively high actual saparational effactiveness for solids
coarser than 16 microns.

2: Relatively low flow ratio.

3: Thig diameter of apex orifice is large ancugh to allow continusus
and easy underflow discharge. Even at a feed concentration of
10V s0lid by weight, this b, is large enough to praveat a "roping”
discharging condition axists. Roping discharge is an indication
th;t a larger amount of so0lids is reporting to uﬁda:flaw than
the apax orifice can discharga; therefora, the remainder muat
report to overflow, reducing the effectiveness of separation.

for all further tests, this combination of D, and D, was employed.

No further changes in diameter were made aftar the optimum cambination
was determined. A

In comparing the test results, it was found that the samplae from

the Circle district gave slightly better separation affectiveness than
the Livengood district sampla. The author balievaes that the slightly
high;r specific gravity of Circle district sample played an important
role in thia effact.

Some other design variables such as hydrocyclone diameter D, body

dimensigns of hydrocyclone, and inlet diameter D; ara fixed in this
study, hence, no attempt is made to evaluate the effects of varying these

design variables.




The Effact of Operating Variables on Hydrocyclone Performance

Feed pressure

Faed pressura is an important factor which affects flow rate
and dgy. The former is shown in Table 1, Figure ¢ and equation
(9). The latter can be expressed as (34),

dso‘ pn 0.25<n<0.27

In other wﬁ:ds, increase in the feed pressure dacraeases the
dsqg-

Figures 10 and 1l and Appendicas 2 and 3 show that the
separation effectiveness of some critical size solidx increases
sharply with the increasa in feed pressure, For tha solids whose
size is smalle:lthan critical size, increasing feed praessure does
not affect saparation effactiveneas much. This can be axplained
by sayiné that the increasing feed prassure still doas not provide
laxge enough inlet enarqgy for the finer sclids to be separatad.

Tempearature

Few workars have considered the effect of temperature as a
variable in the hydrocyclone operation. But in Alaska, especially
in fiald work, tamperature might be an operating factor which can

" not be ignored.

In these tests, samplas wera' cooled to desired tamperatures
and run through the hydrocyclone.

. Temperature rises about 19C after completion of the test. The
effact of taemperature on the separation effectiveness is given in

Figures 12 and 13.

Por critical size solids, in the range of 31 and 8 microns in
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this case, separation effectiveness tends tb increase as the
temperature increagses. This is caused by the following factors:

1l: specific gravity of the fluid

2: viscosity of the £luid

Both of these two factors are decreasing as temperature
increases. But the rate of change of specific gravity of water
is much smaller than that of viscosity in the range of 5° - 25°C
tested in this study (see Tﬁble 4). The author does not belleve
the small rate of change of specific gravity of waterlcan be one
of the key factors which cause the highe: separation effectiveness
with increase in temperature for some critical size particles.
According to either Stokes' Law, suitable for laminar flow

1 2 V»2
Ve = 5 (pg =pg) d -%—-

where V¢ is terminal vglocity and V; is inlet velocity

oY Newton's Law )
2
- P V.
v, = 1.82 ( ( 93 - Pg ) d. & )0.5
Pg T

suitable for turbulent flow, the increases of Ve caused by the
change of pg as temperature changes from 5% to 25°C is less than
0.3% which would not offer a significant change in separation
affectiveness.
To judge the effect of viscosity of £luid, Reynolds Number
in hydrocyclones shall be considered first. It is defined as (36 37)

Re e vinnc.p f

6

The Qalues consequently are in the range 105 - 107, and 2x105

in this study, which implies turbulent flow in the inlet pipe. If
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Specific Gravity and Viscosity of Water at 1 atm.

Temp

o O F O

10

14

18
20
22
24
26

Specific gravity Change rate

0.99998
0.9993Y4
0.99985
0.99970
0.99950
0.99925
0.99885
0.99860
0.99821
"~ 0.99777
0.99730
0.99678

TABLE 4

of sp. g.
% per °c
0.002
0.005S
0.007
0.010
0.013
0.01$
0.018
0.020
0.022
0.024
0.026

Viscosity

certipoise
1.567
1.472
1.386
1.307
1.238
1.168
1.109
1.053
1.002
0.955
0.911
0.871

(35)

Change rate
of viscosity
$ per °C
3.03
2.91
-2.85
2.75
2.67
2.56
2.53
2.42
2.36
2.29
2,23
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turbulent flow continuaes within the hydrocyclone body, according
to Newton's Law, terminal velocity of sclids in the hydrocyclone

is independent of the viscosity of the fluid. Thus, centrifugal
force and geparation efficiency of solids are independent of the
viscosity of the fluid. However, a powerful centrifugal filed

has a gtabilizing effect on turbulance ¢(23), Laminar conditions
are known to be maintained at highar than the Eransitional Raynolds
Number for flow in a curved channel and hydrocyclone conditions
accentuate thig effect. Lilge (17) has pointed out that the flow
in the body of a hydrocyclone can certainly not be presented by a
single Reynolds Number. The change of viscosity of the fluid
therefora could be the main reason £or‘the.increasing gseparation
affectiveness of some gsolids as the temperatura of slurry increases.
concentration

The changelof feed concentration can affect the flow ratio,
total flow rate, and separation affactivaeness.

Iﬂ this test, samples of known concentratlon were left in
quiescent settling conditions for over 2 days. Desired concentra-
tions can be obtained by removing calculated amount of supernatant
with a giphon.

It is shown in Figures 14, 1%, 16, and 17, that when the feed
stream commences to show an increase in the solids concentration,
it will permit an increased flow ratio and flow rate under the
same operating conditions.

The explanation given is that when the solids are accelarated

to the conical wall of tha hydrocyclone, they cause turbulence
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which decreages the tangential velocity of the fluid and other
solids when these solids and fluid flow to the surface of solids.
Retardation of tangential flow must be compensated by increased
vertical or radial flows, giving a stronger downward flow and a
greater proportion of the feed passes to the underflow at the same
feed pressure. This means an increase in both flow ratioc and
total flow rate.
Another possible reason is that a solid particle will flow
down the hydrocyclone wall and then to the apex faster than a
same size “"fluid particle™ because of its higher density. Thus
both flow ratio and total flow rate increase as the feed concen-
tration incruases. .
The cﬁncentration of the solids in the feed should affect
the separation effectiveness of critical size solids if a high
enough feed concentration is amployed. This 1s because it causes:
1l: Higher viscosity.
2: Higher density of fluid when fine 20lids are suspended in it.
3: Hindered settling affects due to tha crowding of the solids.
The affect of the first two factors was explained previously.
As :5: thea third factor, the turbulence caused by the solids will
decrease the separation efficiency as other solids pass through this
turbulenca. Thig turbulence is more significant when solids reach
the cycloﬁe wall because of the greater horizontal relative motion

betwean the solids on tha wall and the fluid or spiral solids.
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Dahlstrom (38) has stated that there is a negligible effect of
varying feed concentration on tha separation effectiveness in a
9-in hydrocyclone performance. Bowever, theze is an evident chahg;
of geparation effectiveness of solids ranging from 16 to 31 microns
at variable feed pressures in samples from the Circle and the
Livengood districts (Figures 18 = 23). The rate of change becomes

significant when feed concentration is above 10% by weight.

The Effect of Feed Concentration on the Recovery of Golad

A 10"x3.5"x%43" sluice box was employed to model the sluicing
operation of placer mining. The arrangement is shown in Figqure 24.

A gold-bearing gravel sample from the Circle district was scraened.
The portion of 48x65 mesh was concentrated by panning roughly, then dried
in an oven. This treated sample, containing 0.05 az/ton of gold, was
ready for the sluicing operation.

For each test, three pounds of treated sample was adjusted to 30%
solid by weight and put into tank A (saa Figure 24). Wastewater from
the Circle district with an adjusted solid content fram 0 to 10%, was
put into tank B. The slurries £fxom both tank A and B wers pumped
similtaneously to the sluice box. The sluicing operation continued
for 2 minutes for each test.

The concentrates on the bottem of the gluice box were washed
carefully, dried, and weighed. Initially a sink-float taest was conducted
for the analysis oz.gold content. But it was found impractical because
of the high content of heavy miﬁerals. Acid digestion followed by atomic
ahsorpt;on spectrophotometry was used to determine the concentration of

gold in the products. The gold concentrations of these products are
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Figure 19. The affect of feed concentration an the separation
' affactiveness at 20 psi (Circle district sample).
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0.23 - 0.28 oz/ton, Figura 25 shows the effect of solid concentration

of the slurxry on tha gold recovery in placer mining. The difference in
the average relative recovery of gold for each of two golid concentrations
in slﬁicing water is less than 3%. It may be concluded that under the
conditions tested there is no significant change of relative recovery of

gold as solid concentration in sluicing water increases to 10%.

Plocculation Test in the Hydrocyclone

The machanisms of flocculation of suspended particles in a slurry
can be clasgsified as two types: |

l: Flocculation by charge neutralization: The repulsive
interactions between similarly charged suspended particles
act to prevant flocculation. The repulsive surface charges
can-be neutralized by tha addition of an electrolyte. The
raduction of alectrostatic surface charge (2eta potential)
then permits the universal van dar Waals forces to operats
batween the atoms of varicus particles and form particle
aggregates. The lime additions uszed by thickner operators
promotes flocculation by this mechanism.

2t Flocculation by interparticla bridging: When loanchain
macromolecules are employed ag flocculantsg, they attach to
the surface of suspended particles at ome or more absorption
gites, and that part of a chain extends into the bulk
solution. When other particles with some vacant absorption
sitee contact thase extended segments, attachment can occur.

Thus, larger flocs can grow and the long-chain macromolecules
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serve ag bridges (39, 40)
' - In the hydrocyclone, it was always agsumed that the axistence of
shear force would prevent the formation of flocs (33, 15, 16),  rnug,
if 55 £loc structure is retained the thickening hydrocyclone must be
degigned so that its separation size is below the sizs of the smallest
particle to ba recovared. To obtain a smaller separation size requires
tpe formation of higher centrifugal force, which necessitates the use
of a smaller diameter hydrocyeclone. Small_hydrocyclanes have, in turm,
low throughput capacities which render them impractical for many industrial
thickening applications. Pigures 26 and 27 show the separation sizes and
capacitias of different giamete: bydrocyclones.

Puring the past decads synthetic long-chain polymers with extremely
high £locculating capabilities have baen developed. The flocs formed
by these new polymeric flocculants are larger and more shear-resistant
than those formed by the use of alectrolytes (42) Investigations were
carried out to study whether the flocs formed by A selected synthetic
polymer were stable ;nouqh to resist the liquid shear forece in the
hydrocyclone.

According to Chang and Yang (43, 44)among 15 various non-ionic,
anionie, and cationic‘synthetic polymars tested, Superfloc 84, a product
of the American Cyanamid Company, was found to be best for the floccula-
tion of suspended solids in the wastewater of the placer mining operations
in both Circle aéﬁ Livengoqd digtricts. This polymer resulted not only
in the least resid;al turbidity with tha least amount of dosage, but
also produced the fastast settling rate flocs to each tested sample.

Therefora, Superfloc 84 was selected as the flocculant suhjected to the



Salids Separation
By Size Percent of
Same Size in feed

90 l

V1

| Salids Distri-

&0 t ! || I l 7 wan‘s

30 U !/ || ! / fl |Cvmul_ e
o2V /Uiy JL L % al itoral I
Y Iz I N A Y A A N R R E
ol i e tiilde 7 a0 AN

N T S S N L S
) ; ’ ) N \ N

Particle Siza in Microns

Viscosity ]
Correction ' Cantipaisae !
’——tf ipecific Gravity : Carrauions

l Differancs

. THE L30VE CHART lS F0R CUIDA&'CS INGINIERING BURFOLES
. ANLY.  FIRAL S1ZING 37 CYCLENES »UST 3T DETIIMinzs 3v -
TI$TS AN THE expec:za SLURAY ea';a:oa IXFERIENCE IN
5"‘1...“« SITUATICMS.

Figme 25. Sersrztion perforrance of verious size hyderoeyelenes.

1)

(x1)



87

<00 ' "
1zmm/ vf’%
- A
£ 100 £ 18"\:“] { 1t 7 Lot 1 T
{ [/ 'fL}i’Smmﬁl‘ jl ]'T‘ o 11 RN
33 : L"Smm T I
g VAR A 1110, |
3 solt 1/ 17 3 TIO0 4.l 111
s -1/ 1/ ALY / / )
eV VT A TR/
2 ‘ /
: / B J / / / 2/
[-% .
C
- 7 } o
5 20 / / 7 2 2‘"
"
g . 1/ / /( and
g M”W"ﬂ'cm M larger
- AG»A
« 10 § SUse ) ] / 7T 1 7 1)
A0S ) 1Y [ 1/ it
' - NERE / ‘5 !
‘,k?;-k% ) ! Vilti
5 1 11 Lt [P
1 2 3 10 20 . g0 100 200 500 00 266D

SINGLE HYDARQCYCLONE FEED CAPACITY = US. GALLONS QF \WATER FEA MINUTE

. : (41)
Tigure 27. Hydrocyclone capacity namezrapd

Came,

~7



68

following tests.

The solids coarser than 16 microns in water samples were removed
by running the hydrucyclone three times. Theze procassed samples were
adjusted to 10% solid by weight to be the Faed slurries. Calculated
amounta of 0.5% Superfloc 84 solution were added to slurries so that
desired flocculant loadings could be reached. The hydrocyclone was
run right after the addition of the flocculant solution. Pigures 28
and 29 show the flocculation in the hydrocyclone with various feed
presgures. It can be seen that 10 psi is the optimum pressure for
sample from the Circle district and 5 psi far the Livangood disgerict
sampla. Bayond thase optima, the increasing liquid shear force tends
to break the formed flocs and reduce the separation effectiveness. At
the lower range of flocculant locading, increase in flocculant dosage
may enhance the flocculation which cauges the higher separation effect-
iveness. Eventually optimum dosage i3 reached. Further increase in
flocculant loading will decreazae the flocculation thug reducing the
separation effectiveness. The reason is that when the flocculant
loading is greater thanloPtimum loeding, the axtaended zegmaents of polymar
may eventually absorb on other sites on the original particle rather
than abaoib on the sites of other particles. Thexafora, the polymsr
wraps the discrete particle and i3 no longer capable of serving as a
bridge. Separation effectiveness is also reduced by the increase in
liquid viscosity resulting from the presence of unabsorbéd flocculant.

Inspection with the zeta potential metaer showed that the suspendaed
solids of Soth samples were negatively charged. Superfloc 84 being a

non—ioni: flocculant, the flocculation can not be explained by charge
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neutralization. Tﬁus, interparticle bridging dominates the flocculation.
The main type of bonding between the flocculant and solids may be
hydrogen bonding or chemical bonding rather than electrolytic bonding.
The floc formed from the Circle district sample hag higher physical
strength than that of the Livengood district sampla. Therafore, the
highar shear-rasistant ability of flocs formed from the Circle district
samp;e, (10 pai rather than 5 psi) is believed to cause thae highar actual
separation affectiveness of golids in the Circie dist:iét sample. The
different surface charactaristics of golids of different samples probably

contribute to these various rasults.

A Recommended Flowsheat of Recirculating
System of Wastewater in Placar Mining

A flowsheet of wastewater treatment in placar mining suggested
by this study is given in Figure 30.

The wastawater discharged from a sluice box paases through a 50-100
feet transitional zone whare coarser particles dropout and are removed
by a bulldozaer or a draglina. A faed pond for the hydrocyclone is built
at the end of the transitional zone. The number of hydrocyclones
arranged in parallel is dependent on the amount of wastewatsr discharged
from the_sluice bax. The faed pond for hydrocyclones should ba large
enough in volume for at least 3 minutes operation plus storage capacity
with a gtatic head of at least 5 feet so that the pump will not suck air
under minor fluctuation. The underflow of the hydrocyclones is led to a
settling pond. The oﬁgrflaus of hydrocyclones and the settling pond are

pumped back to the water resarvoir for sluicing. ' When the solid content
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hydrecyelane

A recamended flowsheet of wastewater treatment
in placer mining.
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of wastawatar in the hydrocyclone feed pond is built up to a certain
level, flocculant is injected to the hydrocyclone feed pond., No
additional time is needed to agitate, therefores, a continuocus operation
can be maintained.

According to Yang (4%), the fraction of particles finer than 37
microns (400 mesh) in gold-bearing gravel at the Circle disgtrict is laess
than 1hé. B8ased on the laboratory tests, it was found that the particles
coarser than 16 microns in the gold-bearing gravel can be remsved by the
combination of a2 50-100 feet transitional zone and hydrocyclones without
the addition of flocculants. Tharefora, only less than 1% of the solids
n;ed to be flocculated. If the optimm dosaga of 2 lbs/ton can be
achieved in the field work, the estimated amount of flocculant needed

for sluicing a ton of gold-bearing gravel would be less than 0.04 pound.



CHAPTER 4
CONCLUSIONS AND RECOMMENDATIONS
Conclusions

Suspended solids have been proved to contribute the major impact
of placer mining on the creek water gquality in Alaska (43, 44). Settling
ponds have been employed for the removal of these solids. However,
settling ponds need larga area to effectively reduce the turbidity of
affluent to meet the EPA raegulation. The use of the gravitational settling
with the addition of flocculants has been studied in the laboratory (43.44),
It may be effactive in reducing the turbidity of the effluent below the
current limjtations permitted in field work and the problem of space
needed still exists. The con€inned use of flocculants in this case will
cause a ralatively high reagent cost. The Federal Water Pollution Act
axpects tha discharge of pollutants into navigable waters to be eliminated
by 1985. Although this goal could be achieved by simple polymer
flocculation in conjunction with sattling ponds (43) , it can be expensiva.
Thus, it would appear that the hydrocyclone plus flocculants could reduce
the cost of wastawater treatment in placer mining and the requirements of
zerc discharge could ba mat this way since most of the water 1s reused,

For the conditions, under which the tests reported were carried out,
the folowing statements can be made:

1l: 7The total flow rate of the 4-inch-diameter hydrocyclone used

in this study can be expressed as:

™
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The D, of 0.60" and Df of 1.25" is the best caombination for
the 4" hydrocyclone. Solids coarger than 16 microns can be
easily ramovad.

Highar inlat energy caused by higher feed pressure will
increase the saparation effectiveness.

The change of viscogsity rather than density is the main
cause for the increasa in separation effectiveness as
temperature increases.

High viscosity and dengity of fluid as well as hindered
settling efflects due to the crowding of solids can result
from the high feed concentration. The faed concentration
of 15% solid by weight ia high enough to cause a sharp
decreagse in separation effectiveness for the particle

gizas 16 - 31 microns.

As the recovery of 48x65 mesh gold in a 10"x3.5"x43" sluice
box is not adversely affected by a sluicing water solid
concentration of 10% by waight, it is reasonable to conclude
that the racovery of coarser gold will also be unaffected.
The shear-rasistance of flocs is depandent on their physical
strength. High feed pressure can break the flocs. 10 psi
and 5 psi are the optimm fead pressufea for the Circle
district and the Livengood district samples raspactively
when Superfloc 84 is employed as the flocculant.

2.0 and 3.0 lbs/ton of Superfloc 84 are optimm flocculant
loadings for the Cirele district and Livengood districts

sarplas respectively. Overloading with flocculant will
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decrease the separation effectiveness of solids due to the

decreased ability of the flocculant to sexrve as bridges.

Recommendations

In order to apply the polymer floccuylation in a hydrocyclone to

the plant condition for the wastewatar treatment of tha placer mining,

scme furthar studies are recommended:

Flocculation tests of new synthetic flocculants.
Tests of large diameter hydzocyclones.
A pilot plant test program.

Economical evaluation for building a full scale plant.



Appendix 1. Data processing of flowrats of the hydroeyclona.

XLIST MINLSP?

G1LOXERUNEDATA & *08°* ) .
020 DIMENSION P(S4)> DF(54)y DA(S4)s QT(S4)y XGRT(54)
Q30 DO 10 N=1,354

040 FREAD(GRs20) P(N)y DAIN)y DF{N)y QAT(N)
030 20 rORMAT(4FB.0)

040 10 CONTINUE

070 XESQT=109000Q.

CB0 DO 1 JU=47,y52

C?0 RX=J¥0.01

1¢0 RO 2 K=20,295

110 RY=Kk0.01

120 [0 3 L=70,+78

130 RZ=L%0.01

140 DO 4 M=108r115

150 RK=M%0.1

150 E€QT=0.

170 XXQT=¢.

180 DO S I=1C:sS54

170 XGT{I)=REKR{DACI)XARY))X(DF(IIXXRZIX(P{I)X%XAX)
20 XXAT=(AQT(I)=BT(I) kX2

210 SOT=SAT+XXaT

220 3§ CONTINUE

23 I7 (8QT. LT. XSSQATY) GO TO 30

24C £3 TO 4

280 30 X8EQT=SaT

348 AK=RR

270 AY=RY

230  AX=RX

290 AZ=RZ

99 4 CONTINUE
310 3 CONTINUE
320 2 CONTINUE
230 1 CONTINUE

340 URITE(Sr12) XZSQTs AKe AXy AY» AZ

33 12 FORMAT(2Xr "E=*y FB.2y 2X» "K="y F&.2»

260% 2Xy "X="r F4.2y 2Xr "Y='3F4,2y 2Xs» *Za*y, F4,2)
337G STOF

320 - END

n
Z

M
n

218.47 K= 11,10 X=0.49 " Y=0.22 ZI=0.73



Appendix 2. The effect of feed pressure cn the separation
effectiveness (Circle district sample) for different
cambinations of D, and D , compare with Figure 10.
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Appendix 2. (cont.)
D : 0.35% PEI'FiClQ size
a -3 (microns)
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Appendix 2. (cont.)
D: 0.50" part;icle size
a 80 (microns)
Df: 0.75" 1 +82
2 -62 +31
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Appendix 2. (cont.)
D 0.60" particle size
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Appendix 2. (cont.)
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Actual separation effectiveness,

Appendix 2. (cont.)
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Appendix 3. The effect of feed pressure an the separation
effectivensss (Livengood district sample) for d:.ffererrt
combinations of D and D , compare with Figure 11.

. ' particle size
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Appendix 3. (cont.)

. " particle size
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Actual separation effectiveness,

Appendix 3. (cont.)l

Da: Q.60" par't:r.cl_' e size
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Actual separation effectiveness,

Appendix 3. (cont.)
D: 0.50" parpicle size
a (microns)
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. " particle size
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Actual separation effectiveness,

Appendix 3. (cont.)
_ particle size
Da: 0.85" (microns)
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Appendix 3. (cont.)

D: 0.85" particle size
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