Roger G. Rlchards and Phllip J. Bangerter

GRAYITY CONCENTRATION SYSTEMS
IN GOLD ORE PROCESSING
by
Roger G. Richards, & Philip J. Bangerter,
Snr. Metallurglst, Project Metailurglst,

Mineral Deposlits Limlted.

ABSTRACT

The use of gravity concentration Is, and
has always been, +the conventional primary
method for gold recovery from ailluvial
deposits. The development of high capaclity
cone concentrators and metallurglcally
efflclient wash-waterless splral separators has
had some Impact In the technology for alluvial
gold processing, but perhaps more
signiticantly has led to the relatlvely recent
use of this gravity concentration technology
In grinding clrcults of hard rock ore for
"coarse" gold removal and for 'scavengling gold
locked In sutphides frem cyanldation talilngs
streams,

Gravlty concentraflion systems are
relatively low-cost, non-polluting and energy
efficlent; and thelr Judlclal use [n gold
treatment plants can signlficantly reduce
overall capltal and operating costs.

The appllicatfon of modern grav ity
concentratlon +technology +to hard-rock and
alluvlal gold ore treatment Is dlscussed.
Flowsheets and test and operating data from a
number of gold processing operatlions
Incorporating gravity concentration treatment
are presented.

INTRODUCTION

The gravity concentration of gold s
among the earilest recorded metallurglical
extractlion systems,

Although gravity concentration has always
dominated the recovery of gold from alluvial
deposits, the development of froth flotatlon
and leaching techniques earller this century
led fo the digression of Interest away from
gravity separation systems for gold recovery
from hard-rock gold deposits. Thils dlgresslon
was due iIn part to the fashion of the day;
but also resulted from the raluctance of
operators to Instatl ,gravity concentratlon
systems due to the relstively low capaclty of
the unlt processes avallabie, and the Inherent
securlty problems assoclated with  such
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systems, Thls sltuation was aggravated by the

- goneral declline of the gold Industry slince the

1930s, resulting from a fixed gold price,
lower head grades and Increasingly higher
costs of establishing and operating gold
mines. Over this perlod of decline In the goid
Industry, there were technologlcal advances
that could have Improved efficlency In the
gold lIndustry (particulariy alluvial gold).
However, they were ™ not widely adopted due
largely to the economlc constralnts out!ined
above.

The last decade, however, has seen a
dramatic resurgence of Interest In the use of
gravlty sepsration In +the gold Industry
generally. This resurgence of Interast,
although primarily motlvated by the rapid
escalation of gold prices, has also been due
1o the availeblllty of newer and more
efficient technology. Other aspects of
slgnlflcance In these developments are:

1. lIncreasing energy costs, -

2, Increasing reagsnt costs for both

flotation and leaching systems, _

3. sn educgtional evolutlon 1In +the

understanding of new-generation
gravity technelogy, particularly In

- terms of Its potentisl application In
areas complementing other minerai
processing systems, and

4. lIncreasing awareness of envlronmental

issues, and subsequent public and
governmental pressure on the mining
Industry +o conslider non-poiluting
technologles.,

TRADITIGNAL GRAYITY
SEPARATION TECHNOLOGY
"FOR GOLD

The +traditlonal or coaventional gold
processing technliques have always had a strong
gravity component, especlally In the alluvial
or placer~type deposits., The high speclflc
gravity of gold compared wlth the gangue
minerals has made gravity separation
atiractive for gold recovery. |t is not the
intention here to expand on the theoretical
aspects of gravity concentration, as this Is
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woll documented (Taggart, 1945; Mills, 1978).
Nevertheless, 11 Is worth noting that desplte
the high speclflc gravity of gold, the effects
of particle shape and the hydrophobiclty of
flne gold particles can sligniflcantly reduce
the ostensible speclfic gravity advantage for
gold separation systems., For aliuvlal gold In
partlcular, the particle shape effect
resulting from the malleablllty of gold and
the consequent ublqulifous occurrence of
tiattened gold particies, Is slgnlflicant to
processing requlirements, .

The most widely used gravity equlpment
for the recovery of free gold from both
atluvial and free-milling ores has been ]lgs,
riffied tables, shakling tables and sluices.

For altuvial gold recovery, slufces were
- “the flrst type of gravlty concentrator wlith
any slgnificant capacity. Thelr simpiiclty
reflected the ease of recovery of coarse gold,
which was the primary objJective of earller
processing sytems. ‘The characteristically
wida size distribution fed to early sluices
recess|tated deep channels with fast-flowing
pulp to ensure the transportation of the
largest slzed particles. This arrangement,
where boulders and flnes were treated
together, gave llttle chance for any flne gold
to be recovered. The screenlng out of gross

overslze and transltlon to the more effectlive

ritfted tables 1Improved the probablitity for
fine gold recovery, but because sampling and
analytical technlques were poor, the loss of
fine gold was frequently not recognlsed.

The Introductlon of Jligs, having the
advantage of allowlng contlnuous processing,
may have resutted In greater metaliurglcal
efflclency. However, the 1imlted data
avallabte on Jlg performances Indicates an
Inablilty to adequately recover gold below 100
mlcrons, wlth performance  falllng off
signiflicently below 200 microns (Fricker,
1984). The relatively recentiy-developed
clrcular Jig may be marglinally more efficlent
than rectangufar j1gs, In that the diminishing
radlal veloclty enabies the outer portlon of
the Jlg to perform a scavenglng function
(T]oe, 1978},

ShakIng tables have bean used and, |[lke
Jigs, have the advantage of belng a continuous
process. Shaking tables can also explolt the
naturally flat shape of gold particles in many
aliuvial deposits., These flat particies tend
to remaln suspended In the Jlig bed, and can
therefore be lost to taliings. Contrarily,

more slgnlficant In decresasing the
metallturglcal performance of shaking +tables,
as flne gold particles can tend to iloat
across the top of the bed (Feather and Koen,
1973). Also, shaking tables have the
disadvantage of requiring a large plant area
and a stable platform.

Since the wldespread use of cyanldatlon
and/or flotatlon for fthe treatment of mliled
ores, the gravlty concentration processes usad
I'n these operations have been confined to the
removal of coarse free gold uslng equlpment
such as strakes, Jigs, tables and Johnson
concentrators. There have been no recent
developments In_this area, wlth the exceptlion
of the advent and use of contlnuous strake
tables. The lack of motivation for developling
new equlpment for this duty is due largely to

the fact that the metalilurglcal efficlency -ef,

these unlt processes |s not critical to the
overall operation, as "lost" values are
“scavenged" by subsequent cyanidatlon.

In the past, conventlonal metallurgical
balances 1in alluvial gold operations have
elther not Dbeen feasibie or have been
cons fdered too difflcult due to the problems
assoclated with sampling (Fricker, 1984). In
these lnstances, performance has been assessed
by comparing production to estimates based on
dritlhele data (Fricker, 1976). Apart from
the inherent sampling error problems
assoclated wlth these methods, the drilling
tachnlques used and the methods of evaluatlon
and recovery of the gold values from driilling
samples resulted, at times, In dramatlically
understated levels of goid occurring at flner
sizés (particularly <100 mlcrons) In alluviail
deposits; albelt largely not recoverable by
conventlonal gravity systems,

The more recent use of better technlques
has enabled fline alluviel gold to be more
accurately assessed and has led +fo an
awaraness In certaln Instances of slgnlficant
ftne gold losses occurring 1n  alluvlail
operations. Moreover, the potentlal exists
for substantlally Increased gold productlion
{wlthout Increased throughput? provided
cost~affectlve technology Is avallable or can
be developed for the recovery of fine alluvlal
gold.

Furthermore, the avallablllty of such
technology wlll facllitate the exploitation of
previously unecconomic siluvial gold deposits.

It Is not surprisfing then that the area

< wee. .- §65. table operation the lerge contact sres of .of gravity separation technology.having the . .
= thd$lddgart lcles . enhances the drag forces on most recent Impact on. gold metabburghcadieiisrass
a shaking teble, and therefora tends +o practices is that of flne particle
improve the motal lurgical - performance, beneflclation.
Notwithstanding thls factor, the netural
hydrophobiclity of fine gold perticles can be
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NEW TECHNOLOGY FOR
FiNE GOLD RECOVERY

Economlic forces in the Australlan mlnerat
sands Tndustry In the 1960s caused by fallling
ore grades led to the development of gravity
separatlon  equlpment; speclifically the
Relchert cone concentrator and the reflinement

of the splral separator, orlglnally deveioped

by Humphreys. Both cones and splral have
since uhdergone contlnuous further
development, and are now used in the gravity
beneficlation of a wlde varlety of ores,
Including gold (both altuvial and hard-rockl.

CONE_CONCENTRATORS

The Relchert cone concentrator s a high
capacity, low cost gravity concentrator
developed by MInerai Deposlts Limited of Gold
Coast, Queensiand, Australla (Graves, 1973;
Ferree & Terrlll, 1978}, Deslgned for the
treatment of particulete materlal generally
finer than 2mm in size and to recover flne
heavy mineral particles down to 38 microns,
the cone concentrator effectively consists of
a serles of clrcular plinched slulces ({ses
Flgure 1), The separation mechanism involves
a combinatlon of hindered settling and
intergranuiar  trickling resulting in a
stratified flowing bed In which the heavy and
fine particles are concentraled at the bottom
of the pulp stream and are removed by en
annular slot,

The two metre dlameter model of the
Reichert cone has a deslign throughput of 60 +o
80 tph per wunit. A higher capaclity 3.5 matre
dlameter Reichert cone concentrator unlt has
recently been developed. The 3.5 metre cone
concentrator Is a derlvative of the two metre
untt, but has the benefits of higher unit
capaclty (up +to 300 +tph} and longer
stratification length.

SPIRAL SEPARATORS

The wuse of spirals on alluvlal gold
deposlts has been known for a number of years,
splrals having been originally designed for
beach sands and later adapted for other
minerals (Balderson, 1982}. The early splrals
ware not entirely sulted for gold recovery,
and aithough reasonably successful down to 75
mlcrons, the washwater additons tended to wash
flne gold to talllngs,

The recently avallable washwaterless
spirals have signiflcantly effected the
performances sattalnable. A good example lIs
the Relchert Mark 7A splrat (See Flgure 2),
whilch Incorporates several features beneficilal
to gold recovery., The spiral proflle s, In
fact, a compound proflle which Is speclfically
dosigned for low grade heavy mlneral ores

(<5% hm). With no washwater, the flnes
problem Is lessened. A single set of ganged
splitters at the end of each of the troughs
(up to three per coliumn).reduces both operator
attentlon requirements and potentlal gold
traps. The ganged nature of the splitter
arrangement also reduces plping and laundering
requlrements.

Indlcative splral performance on alluvial
gold is glven In Table 1, which shows two sets
of test results from the Unlted States on Mark
7A spirals (Robinson and Ferree, 1983);:

TABLE 1
Spiral Performance on
Alluvial Gold Ore

Crushed Gravel, Callfornla.

Wt. Assay Au
Distn (oz/ton} (g/t) Distn

% (%)
Con 7.4 0.609 18.64 90.7
Mid 46.9 0.007 .21 6.5
Tal | 46.6 0.003 0.09 2.8
Feed 100.0 0.050 1.53 100.0

Feed rate: 2 tph sollds/splral start

Snake Rlver Gold - ldaho -
Wt. mg of £ Au

Distn Au Distn

b4
Con 2.20 17.58 82,1
Jalls 97.80 1.51 7.9
Fesed 100.0 19.09 100.0

For both feeds, all the gold was mlnus
150 microns

HYDROCYCLONE SYSTEMS

Water washing cyclones have been .proposed
for gold Dbeneficlation (Visman, 1966),
However, thelr recent dlsfavour In  the
Australian coal Industry compared wlth spiral

.separators {Hornsby et al, 1983} doss not

augur well|l for any significent Impact of water
washing cyciones [n gold ' beneffclation
practice,

Stmllar In concept ‘o water 'washlng

~cyclones are the clrculating bed classlfler

(CsC) cyclones preoducad by Amberger
Kaol Inwerke GmbH (AKW) (Trawlnski, 1982},
These flat~bottomed hydrocyclone unlts offer
the adgvantages  of high classiflcatlor
efficlencles under fluctuating feed cond]tlons
while malntaining constant high .underflow
denslties, They can also be operated at higt
cut slzes compared wlth conventlonal cylones
and the concentratling effects on high speclflic
gravity mlnerals are greater ‘than those
obtalned for convent ional conlcal
hydrocyclones.
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c8C cyclones  offer, therefore, a
convenlent classlflcation/concentration system
+hat wili no doubt find appiication both In
alluvial gold processing for feed preparation
(desitming, densification and concentration)
prlor to fine gravity clrcults, and In
grindlng circults treating hard-rock gold
ores, Indeed, In the Sovlet Unlon simtlar
machlines have had conslderable Impact for the
racovery fo flne gold (Anon,, 1981},

Dense medla separation cyciones and their
derlvativae verslons, Including the
“Dyna Whiripool" (Wlils and Lew!s, 1980) and
“Trl Flow" separators (Dessinlbus, 1982) are
now wldely wused |In the coal and Tin
indusfries. The!r high separatfon
efficlencies are, however, generally conflned
to the” treatment of material above 0.,5mm.
Although recent developments In ‘the Republlc
of South Afrlica have led to suggestions that
consl!deration wlll be given to the use of
dense medfa cyclones at finer sizes for coal,
(van der Walf et al, 1981) the reiatively high
capltal and operating costs of such sysfems
mean that 1t s unllkely they will flnd
application for the treatment of gold ores.

OTHER SYSTEMS

Centrifugal gravity systems, iInciuding
the Gllikey Bowl (Barber, 1976) [a centrlfugal
amalgamator simllar to the Lorenston
concentrator (MacKenzle, 1937)] developed In
Columbla, and the Knelson concentrator have
proven - effectlve for fline gold recovery. The
Knalson concentrator has won acceptance Into
commerclal use In several locations, The
Gltkey Bowl and the Knelson concentrator both
suffer from +the dlisadvantage of belng
discontlinuous processes, and 1lke plane
tabies, must Inherently exhiblt continucusly
reducing metallurglcal performance with time
between ciean~ups. Furthermore, the Knslson
concentrator wlll have considerably higher
operating costs than, for example, a splral
clrcult of equlvalent capaclty; due to:

1. the requlrement of cons lderabie
quantitlies of very clean water for
effective operatton, and

2. high maintenance of mechanlcal parts
moving In a very abrasive env{ronment
{sand slurey).

Uttrafine or - st Imes gravity
concentrators, Including the GEC duplex
concentrator {Anon., 1983) and the
Bartles-Mosely table and cross belt separator
(MlIls and Burt, . 1979, -ali : relatlvely
recently deve|oped largely for fine

casslterite recovery, may find appllcation In
fine gold benstficlatlon. Generally, however,
these devices are high-cost, low—throughput
systems better suited to the treatment of
retatively hlgh-grade feedstocks.

APPL1CATION AREAS FOR NEW TECHNOLOGY

ALLUYIAL SYSTEMS

Alluvial gotd operations wusing the
tradltional -methods . fend +to use slmple
flowsheets, rarely golng beyond two or three
stages of concentration. Many operations are
dredge-based and hence space and the abillty
to handle less stable condltlons  are
important. Furthermore, any goid operatlon
has potentlal securlty problems, which may
Increase with conpiicated clecultry. Most
importantly, however, the easy recovery of
coarse gold has not encouraged ingenulty or
experiment 1n clrcultry as has been the case
in, for example, the tin Indusiry.

By way of example, Figure 3 shows a
typlical example of an alluvial system from New
Zealand. The wisdom of using tables to treat
the Jlg concentrates In this clrcult s
questlonable as the Intrinsicaily greater
efficlency of Jlgs compared with that of piane
tables is lost 1In such an arrangement,
Neverthelass, such practlces have been
commonp lace In alluvla! gold systems.

The use of new technology speclfically to
Improve fline gold recoverles will, of course,
be dependent - upon the partlcular
characteristics of the orebody and Its
sltuatlon. However, the basic concepts are
demonstrated In the outline fiowsheet shown In

fFlgure 4. The  conceptual fiowsheet
incorporates [lgging for coarse gold recovery,
followed by several stages of gravity
concentration using Relchert cone

concentrators and splral separators for fine
gold recovery from screened jlig taiilngs. The
flowsheet also [Includes classlflcatlon for
s|Imes removal and adequate coarse and flne
siz!ing to ensure optimised unlt per formance on
each gravity stags. Middilngs streams are
recirculated to accommodate circult
fiuctuations and thereby malntaln good
metailurglical performance. Talllngs are
reJected from both cone stages and a flnal
gravlty concentrate Is shown 1o te generated

_ from both splral stages. The gravlty

concentrate may be processed further; us lng,
for exemple, amalgemation for flnal gold
recovery.

Examptes

Over the past few years, several Relchert
cones heve been Installed In alluvial
operations to recover flne gold. A typlcal
operatfon [s on the Snake Rlver In Southern
{daho, U.S.A. In thls operation gald (which
averages about 0.1 gm/tonne In the gravels) Is
recovered from a flne screen fractlon uslng &
Relchert  cone in conjunctlon wlth 2
conventlonal shaking fabie. Gold recoverles
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In excess of B85 percent are reported, wlth
44 percent of the recovered goid flner than
75 microns (Ferree, 1981).

Within the last 18 months, several
alluvlial gold plants utlllslng Relchert
Mark 7A splrals only for flne gold racovery
have been bullt In the U.S.A. One such plant
tn Grass Yalley, Callifornla, 1s on the back
end of a gravel plant and Incorporates 12
three-start and +two slingle-start Relchert
Mark 7A spirals.

GRINDING CIRCUITS

Many hard-rock gold ore treatment piants
Incorporate gravlty concentration early In the
circult to recover the coarser particles of
llborated gold minerals eariy In the clrcult.
Without such a system of coarse gold removal,
requisite cyanidation times can be
prohlbitively long, and the loss of gold
contalned In larger highly-refractory or
"rusty! (surface-coated) gold mineral
particlies which may fall to  dissolve
completely In cyanlde solution results In a

lowering of overall gold recoveries {(Feather

and Koen, 1973; Bsath et al, 1973).

The Incorporation of gravlity
concentration In gold-grinding circulfts,
therefore, can resuit tn a reduction In the
slze of downstream plant requirements wlth
substantial capltal and operating cost
savings, wlth  accompanying benefits of
improved overall recovery,

Furthermore, security problem areas In
the plant, specifically the flnai gravity
stage, can be readily lsclated.

Although the metallurgtcal efflclency of
gravity concentration In  gold grinding
clrcults Is not critlcal, varlous documented
cases In Austratla and South Africa report
recoverles of gold by gravity methods over the
range 11~90 percant {Elvey and Woodcock, 1967;
Douglas and Moir, 1961},

Gravlty concentration in grinding
clreults Is Invarlably muiti-staged with the
talllngs belng returned for regrind and a
gravlty concentrate obtalned and subjected to
analgamation or Intensive cyanlidation for gold
recovery. Current South African practlce for
gravity concentratien in grinding clrcults has
favoured Johnson drum concentraters followed
by continuous strakes (Loveday and Forbes,
1982). However, the use of Relchert cone
concentrators and new-generat|on spiral
separators with thelr Inherent advantages of
relatively hilgh capaclty and low eneargy
consumption and malntenasnce (having no moving
parts) are proving cost-effective for thls
duty In other |ocations.

A typlcal fiowsheet Incorporating
Relchert «cones and splrals Is shown In
Flgure 5. Although cones are shown for the
primary gravity concentration stage, splrals
could also be “used for +this duty. Cones
however do have the advantage of operating at
higher feed densitles.

Parformance will naturally depend largeiy
on the nature of the ore and the fineness of
grind; but, by way of example, the results of
testwork on a Relchert Mark 7A spirail treating
ground gold ore are glven In Table 2. The
gold In the ore was assoclated with suiphldes
and the test spiral feed was cyclone underflow
(to be returned to mill}. The results show
that 75.5 percent of the gold was recovered In
a concentrate representing 2.6 percent by
walght of the feed. The concentrate assayed
89,0 gms/tonne of gold compared with a feed
assay of 3.04 gms/tonne, .Indicating an upgrade
ratlo of 29.3:1. Gold recovery to comblned
concentrate and mlddiings fractlions was
81.7 percent. , '

i TABLE 2 _
Reichert Mark 7A Spiral Concentrator
Treating Ground Gold Ore

Product TPH Wi, ] Au  UGR Au
Distn Sols g/T Distn

(%)
Con 0.053 2,6 37,3 89.0 29.3 75.5
Mid 0,097 4,7 61,3 4.0 1.3 6,2
Tail 1.903 92,7 36.3 0.6 0.2 18,3
Feed 2,053 100.0 37.0 3.04 1.0 100.0

Examples

. At Wastern Mining = Corporatlon's
operations at Kambalda, gravity concentratlon
Is Incorporated In the gold grinding circult
(Sceresinl, 1982}, The bal! mlll discharge Is
scroened and the screen undersize reports to
mult1-stage gravity concentration which
Incorporates two stages of Relchert cones and
two contlnuous strake +ables operated In
sertes. The table concentrate s stored and
batched across a Wiifley table to obtaln a
final gravity concentrate which Is amalgamated
tor gald oxtractlon. Gold recoveries In the
gravity circuit vary considerably, but are
usually In the range 40-50 percent.

Apart from the above-stated advantages In
terms of reductlons of capacity requirements
and costs of the CIP circult, studles by WMC
indlcate that the gravity circult has the
added advantage of reducing the degree of
fluctuation In the grade of ore reporting to
the CIP clrcult and thereby reduces the
controf requirements with subsequent

metallurgical advantages and cost savings
(Sceresinl, 1983).
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At the Ok Tedl MIning Limited gold/copper
operation In Papua New Guinea, & f{lve-stage
gravity concentration <clrcult has been
Installed treaeting & portion of the milled
ore. The nominally =2mm (des!lmed) fractlon
..of the mill dlscharge is trested on two stages
of Relchert cone concentrators followed by two
stages of Relchert splral separators. The
second stage spiral concentrate Is retreated
on a wet shaking table to produce a flnal
gravity concentrate. [n the early stages of
the mine life at Ok Tedl, coarse gold
recovered In the gravity concentrate Is
expected to amount to 20 percent of total
recovery. The  primary Relchert cone
concentrators wused In the Ok Tedl gravity
concentration clrcult were the flrst 3.5m
dlameter cone units In commerclal operation.
With a rated capacity of 300 tph (dry solilds)
per machine, these high capaclty unlts offer
substentlal cost beneflts,

TAILINGS SCAYENGING

The = concept of us[ng gravliy
concentration equlipment for scavengling heavy
minerals from talilngs streams is not new.
However, the dave|opment of gravity
concentration equlipment capable of recovering
to flner silzes has added a new dimenslon to
+hts application area. Pajabora Mining
Company In South Africa operates a gravity
concentration circult to recover very small
quantltles of uranothorlanlte and baddeleylte
from I+s copper flotation clrcult talllngs,
The flve-stage Relchert cone clrcult achleves
overall recoverles of and ZrO, of
approx{mately 70 percen+ w?fh saflsf&%fory
metal furglcal performance down to very flne
particle slzes (20 mlcron} (Yan der Spuy,
1982}),. A simllar concept using Relchert ceone
concentrators and/or splral separators |Is
applicable to the scavenging of sulphlides from
gold leaching clrcult tallings.

Where gold Is flnely dlssemlnated and
locked In sslphldes, Incomplete gold
dissolution can occur durlng cyanidation wlth
a consequentlal reduction In gold recovery,
In these clrcumstances, recovery of sulphldas
trom classifled teach talllngs uslng gravity
concentration, and subsequent regrind of the
gravlty concentrate can have a signl!flcant
Impact on overall gold recovery. A conceptfual
flowsheet for such a scavenging circult Is
Itlustrated In Flgure 6.

Reichert Mark 7A splrals  have recently

been proposed . for Installation- to-- scavenge.:

leach talllngs at several gold oparatlons in
Western Australta (Blanks, 1983),

CONCLUSION

Gravity separatlon technology In the form
of Relchert cone concentrators and
washwaterless splral separators now offers
cost-effective systems for the recovery of
gold down to finer slzes than s feasible by
more conventional processes,

Relchert cones and spirals have the
advantages of belng relatively low cost, hligh
capaclty, [light-welght and metalliurglcaliy
efflclent, Having no moving parts, thelr
operating costs and energy requirements are
fow and manning requlrements minimal.

This equipment has potentlal for the
recovery of flne gold from alluvial deposits
and In the recovery of "coarse" gold from
grinding circults and gold locked in sulphides
from leach clrcult tallings.

The utlllsatlon of gravity concentration
to remove coarser gold from grinding clrcults
can increase overal i recovery and
signlflicantly reduce the capaclty and costs of
downstream processing requirements,
Furthermore, such systems effectively reduce
the quantlty of gold "locked" in grindling
clrcults and can also facllltate the [sofatlon
of securlty probiem areas.
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