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Abstract. The drawbacks of the alluvial dredging are miniogels of commercial de-
posits, which increase due to complication of ngnoonditions and depth increase of
the deposits occurrence. The greatest losses aippeserstep and intermediate pillars
during alluvial dredging; where up to 10 — 15 % emal deposits are left. These losses
can be reduced by dredge design changes, addigstraction units; more complicat-
ed maneuvering does not provide high efficiencgirefiging at more complex alluvial
deposits. It is suggested to reduce a significant @f mining losses by preliminary
preparation of the polygon to dredging, with pararaeontrol and qualitative charac-
teristics of the productive stratum, as well asfdmyning interstep and intermediate
pillars from stripping soils or low-grade produdigediments. Preliminary mechanical
sand loosening allows using dredge as a cleanirigand reduces processing loss of
valuable components.

1. Introduction

Alluvial dredging, thanks to continuous mining, dgsrocessing, and wastes reclamation is the most
productive and least expensive method that alleveldping low-grade deposits [1, 2, 3]. Nowadays,
dredges are used to develop gold alluvial depesits80 — 150 mg/rhof the gold content. Thanks to
high mechanization, production and processing aufsisn? of sands with dredges are several times
(7.4 times) lower [1], than during separate proidunct

At the same time dredging is characterized by lagkes of mineral deposits.

The main reason of big losses of mineral deposititu is absence of visual control during extrac-
tion. According to estimation [9], half of the gdkllost during dredging, including 40 — 50 % ofhmi
ing losses in situ. Most of these losses are thosgerstep and intermediate pillars and beddoaks
(about 30 — 35 %) [5]. Less metal losses are calggit wall development (about 2 %), that is cendi
tioned mostly by lower metal content in sands aliwegsurvey loop perimeter.

When digging depth increases losses in interstdpraermediate pillars and deep alluvial deposits
can be up to 10 % of mineral reserves, or everoWDt% [6]. Metal losses in bedding rocks depend
on their surface, fracture intensity, strength adkr components and in some cases can significantly
outweigh losses in pillars (see below). Accordiagdst boring at abandoned alluvial deposits metal
losses in bedding rocks are 5.7 % [5]. The losseseapecially great at irregular fractured bedding
rocks. Due to impossibility of the digging monitagi significant amount of mineral deposits can be
left in holes.
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On the average, losses with the account of smallmedium sized sand alluvial deposits left in
interstep pillars is not great - about 1 — 2 % fdimost the same are losses in intermediate pill2we
to greater gold content in the bedrock-adjacergrldlge commercial components loss in intermediate
pillars is greater, taking into the account gregt@d content in bedrock-adjacent layers (accogyrtin
some data it is 2 — 5 times greater, than in aeedagdge bulk [7, 8]). Analysis of exploration werk
at more than 30 alluvial deposits also confirmshbig(2.5 — 3.5 times) gold content in the bedrock-
adjacent layer 1 — 2 m in depth in comparison wittductive formation thickness. That is why metal
losses in interstep and intermediate pillars well2— 3 times greater than sand losses. Calcutag¢d
al losses in interstep pillars at deep depositsabmit 4-6%. Metal losses in intermediate pillars a
broad deposits may be up to 5 — 8 %.

2. Methods and materials
Research results of metal distribution in deepvaludeposits confirm the necessity to find the way
to reduce sand losses in the bedrock-adjacentsdayet the bedding rock.

During dredging of wide and middle alluvial depessignificant sand losses happen in loss banks
which increase with lixiviation and soft sedimetiikckness increase and can reach up to 7 — 8 %.

According to some data they can be up to 30%. Bueality losses in intermediate pillars even at
maximum digging depth and sand lixiviation in anyimg conditions will be not more than 10 %.

The losses are especially undesirable in interneedi@nks at alluvial deposits with high metal con-
tent in the bedrock-adjacent layer and legacy ptadevelopment, where as sample data show the
main quantity of mineral deposits is correlatedhvitie bedding rock. In these cases sand and metal
loses in intermediate pillars at dredging withowertapping the previous step can be 10 — 15 %.
Accourding to the underground survey [5], actualsersection area of intermediate pillars is many
times larger than the calculated one, which is eduy natural pit walls flattering and incomplete d
velopment of shear angles at bedding rocks.

For loss reduction in intermediate pillars a rdcé with a dredge dump slope to the inactive pit
wall are used, that allows reducing pit wall dungpimith the commercial mineral content. This meth-
od of sand extraction allows partial pit wall dumgireducing and complicates dredging, especially in
shear angles that results in the dredge efficidogy. When rock lixiviation is high, thickness affts
sediments pit wall dumping cannot be excluded elging sand extraction with a rill as angle change
of dredge maneuvering within tolerable limits does provide necessary dump slope displacement to
the inactive pit wall [10]. During development afié-grains tailing dump extraction (due to enhanced
formation disruption during their second treatmemtyeases that is why fine grain storing is proble
atic in this case.

Elimination of intermediate pillars in alluvial mirg with adjacent faces is more effective. But its
application is restricted by alluvial parameterbisTmethod of dredge maneuvering increases idle
hours because it is necessary to change pit-f8estdes, sand losses are not excluded here agdurin
extraction in the corners of the second advandacadt to mined-out space, rock extracting with dig
ging buckets onto the areas of the preceding atepplace.

In reality to decrease losses in intermediate rgillaverlapping of the fulfilled parallel steps with
the adjacent step is done at the distance of @5t [10]. It results in cost supplement of thaeen
al deposits and extraction volume reduction duthéosand impoverishment with the rocks from the
previous steps. Due to the slight angle of the giedgdamped rocks slope, containing fine-grained
rocks, impoverishment due to caving-in into thegdiag zone can many times (8 — 12 times) exceed
the number of sands in a pillar between steps.

Alluvial dredging itself conditions interstep, im@ediate and pit wall pillars, which are causedhgyexist-
ing dredge construction and digging bucket. Thawigy it is worth not to eliminate pillars but reduloss of
commercial elements in them.

In order to reduce pillars formation between stem®e specialists suggest improving dredge con-
struction with a slewing spreader and fine-graipging jaws [6, 9].
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3. Results

The authors suggest a new dredge construction awttirnable stacker and fine-grain gripping jaws
into right and left sides relative to longitudaisax-or this a stacker foot support is fixed to ¢fear-
driven traversed platform with locking members itottirning members. Yaw of the fine-grain grip-
ping jaws is fulfilled by the tail ropes and a mytgoint of the fine-grain gripping jaws in the pkss
where they go out of the foot support superstrectur

But this engineering solution is unlikely to be bggb as suggested changes in dredge constructon ar
significant and require complete reconstructiorthid equipment, which is unreasonable taking into
account their long-time application. Secondly, k&@nd fine-grain gripping jaws rotation can cause
dredge inclination and emergency situations. Addél complexes on the right and left sides of pon-
toons on their stern significantly complicates dieednaneuvering due to impossibility of the face de
velopment onto stacker and fine-grains grippingsaetation side (as a pontoon stern from this side
is fine-grained). Thirdly, change of direction bktfine-grain sand and pebble stream during ratatio
of the dumping equipment results in significant ptewity of the equipment construction (with a peb-
ble pan and fine-grain gripping jaws).

That is why we suggest not making changes in tedgdr construction but reducing sand and metal
losses in pillars between steps.

Loss reduction in interstep pillars can be achidwedhanges in ground preparation to dragging. It
is suggested to reduce the sand layer in the distdrirom the next adjacent step by their rematal
the depth sufficient for dredge damping withoutidddal charge of the high walh(s.Ne1765420).
After extraction the sands are damped near theebaftthe allied steps. Developing broad clayed al-
luvial deposits rich in finely grained rocks thenddayer is reduced by the whole cut width sanithgil
on the neighboring stope. Sand developing stattsthve stope where the sand layer is decreased.

Sand cut depth and other parameters of developiddalks are determined by dredge size, rock
composition, occurrence mode, deposits charagtsrisind can be calculated by existing methods,
allowing predicting side walls dumping [5].

This method allows firstly, to reduce commerciatenial losses, to reduce its impoverishment dur-
ing sand extraction in the shear angles by redusargmeters of interstep pillars, secondly, mamtai
dredge high efficiency by abandoning asymmetricatiding applied nowadays for the same purpos-
es.

Nowadays, some additional complexes are used oe sibetiges to remove dragging wastes that
use dredge pumps, which allow creating monostdataips, simplifying water retaining constructions
in the mined out space and simplifying restoratibragging wastes removal with a stacker is im-
portant in final developing of legacy placer gad,after the stock development the disturbed aneas
developed and must be restored.

Despite the advantages of the monostratal dumpidgds not solve the problem of dredge cut
walls dumping, but also complicates it by draggimastes flowing from the pebble dump into the
dredge slots but also increases material wastsoke banks and sand impoverishment during adja-
cent stroke development.

Preliminary preparation of the polygon for draggimgpws lessening sand impoverishment and
loss in stroking banks by reducing pit walls dungpiit is suggested while preparing the sands to
dragging to place coarse fraction rocks on thelgpla wall. It is easily done when developing lega
placer gold which makes the main part of dredgiegasdits and during reworking washing plants
dumps.

During polygon preparation an emergency dike ofsegrained material is formed on its surface
along the spoil-pile wall, and the dike of dredgingstes, after that the coarse grained material is
placed in the middle of the open pit mine, adjatenthe operational open pit wall, and finely geadn
material on the opposite side. While rock massglragafter stepping develop a coarse grained mate-
rial dump with piling finely grained material irext but one piles on the spoil-pile wall side, aftet
the remaining deposits are extracted by all equiprize finely-grained material.
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Finely grained material on the operational opemaill is pipelined along the stacker, over the peal
of coarse grain material to the previous cut sbfiha pulp flows into the trench between piles.
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1 —deposits contour; 2 — dredge cut axis; 3 -gdredt estimated wall; 4 — sand piling directior;
expected dredge piles contour
Figure 1. Cross sectiownf the prepared dredge polygon across the cutsl (Iledredges.

At alluvial gold deposits the piles are formed Wgmming coarse material piles. Entry ways for
dredger are marked so that coarse material wag altenspoil-pile wall, and finely grained material
was along the operational wall. Ore handling isedonthe same way as in the previous case. So, in
alluvial gold deposits developing it is necessarly @0 mark the surface, and for developing witis th
way it is hecessary to plan dredge cut so thabthumdary between the materials of different fraxgio
was in the middle of the mining face (Picture 1sHould be noted that, besides reduction of lass a
sands impoverishment at the open pit wall, the ssiggl method allows reducing surface marking
costs as dragging wastes deleted through the stadkélow only into one drench and the piles sur-
faces will be smoother. It will reduce surface watentamination, as coarse grained material adfacen
to the drench is vulnerable to scouring.

During reworking the deposits developed in this wayioother surface will prevent deposits from
flood freezing. In this case sand preparation @ding is not necessary as coarse grained ang finel
grained material will be placed in the necessary.wa

Preliminary preparation of the polygon to dredgwith piling upper layer of the productive depo#itsn
the spoil-pile wall to the operational ones at nadiepth and shallow alluvial gold placers allowsi@ding
the sand loss in interstep pillars (Picture 1).uRed) the sand thickness from spoil-pile wall & thedge cut
allows decreasing proportionally the number of eotration tailings, piled on the operational opgrwgall
and reduces rock dumping and sand loss in thatiepepillars.
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a — dumps placement before development; b — deveélopeplacement relative to

the dredge cut; 1 — bedding rock; 2, 3 —gold coingi pebble and dragging waste

fractions correspondingly; 4 — dredge gap; 5 +#tép pillar; 6, 7 — expected ope
pile walls operational and spoil-pile one correstingly

Figure 2. Arrangement lay out for the reworking of the bradldvial gold deposits.
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During mechanical sand loosening for dredging ftdssible to eliminate interstep pillars. In tbise
sands during loosening are piled with one ste,Afgerstep pillars of gold-filtered waste arenfed be-
tween dredge cuts; pit deposits can be used fofRitture 2).

One of the ways to reduce losses in intersteprpilllessening the dredge pace. This method re-
duces digging bucket filling ratio and increasegrapional down-time (stepping, frame lowering in
shear angles). It results in dredge efficiency céda.

The other way to reduce losses is bucket chaire@asing. The latter during hard rock dredging
near the bedding rock results in chain descending the lower roll and long idle periods. Besides,
an increased bucket chain tail, dragged over thargt worsens sand extraction from the holes. Sim-
ultaneously, digging bucket wear increases.

Shallow digging allows to decrease the sizes okstbanks, but it is limited by the extreme height
of the over water pit wall.

These actions only partially reduce sizes of inggrillars. They are completely eliminated at the
consequent sand extraction with ejection equipni®ns. NeNe243536, 275911, 283141, 292714) or
during reworking of the alluvial oil deposits. Irdéep pillars extraction with special equipment is
more difficult and has not been applied yet.

We think it is better not to reduce the sizes efititerstep pillars and not to develop them bunfor
the pillars from gold-filtered wastes.

The latter is done when the bedding rock depth<lipthg are increased and the interstep pillars
are formed from the basement rocks. But if thermisommercial deposits this method is impractical,
as it reduces dredge efficiency due to increasednkas of bedding and increases digging bucket
wear. If there is gold then bedding rock slipingslmot reduce losses in interstep pillars.
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Suggested sands preparation to dredging with meaidaosening provides visual surface condi-
tioning and sliping the bedding rocks and allowsrimg interstep pillars from gold-filtered wastes
that eliminates operational losses in situ.

In order to eliminate sand losses in interste@gsllat hard to dredge and frozen alluvial deposits
it is suggested during mechanical preparation ®efdéyposits dragging between sand piles and the bed-
ding rock to place the demarcation layer equakiightt to interstep pillars. Protective overburdeckr
can be used for the demarcation layer left on #mels top. The volume of the protective overburden
rock is sufficient to make the demarcation layetrlees than 0.4 — 0.6 m that is higher than indgrst
pillar height.

By graph analytic calculations it was determinedl tthe interstep pillars height at dredging soft
basement rocks for 150-liter dredges is 0.3 — Q.4om250-liter ones is 0.4 — 0.5 m; for 380-liisr
0.4-0.6 m.

Creating demarcation layer out of protective owarden rocks reduces sands impoverishment and
allows extracting additional amounts of metal fronotective overburden rocks holes. Soft rocks in
the demarcation layer reduce digging bucket weanduedding rocks sliping.

The demarcation layer eliminates sand losses imlibgdrocks hollows and cavities, which are
filled by gold-filtered waste. After dumping of trgold-filtered wastes onto the smoothed bedding
rocks the demarcation layer surface is flattenddn(ped) with the account of normal layered sand
dredging in piling.

Sand losses in side banks are less significant ithatl cases mentioned above (1-3% [5, 11]).
They happen during alluvial deposits developinghwertoss sectional cuts by dredge turns and during
longitudal cuts owing to serriform protrusions fatimn within the developed contour. It is posstiole
eliminate these losses. But it results in high sanmboverishment. During operation the optimalaati
of losses and impoverishment is determined whiclviges dredge efficient work. During dredging at
deep alluvials side banks near rocking beds caremighificant sand losses, as permanent rockffall o
the open pit walls with shear angle dumping irbiddtom prevents total extraction of the commercial
deposits at the bedding rock within the determilivads. To control extraction of side banks neas th
bedding rocks is impossible because they are hitdgdalling wastes.

Sands mechanical loosening before dredging alldwérate losses in side banks by forming sand
piles with the account of the distance of opemailis (Picture 3).
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Figure 3. Preparation scheme to dredging middle and brdadials.
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4. Conclusion

To reduce losses in serriform protrusions betwesr piles and side walls the demarcation layer is
done. Its width is equal to that one of the semifgrotrusions, and the height is equal to sanespil
height. With the account that the average thickioéslse demarcation layer in bulk is 0.4 m, andrnea
the sides is 1.6 m, then overburden rocks thick@&s6.6 m is enough for its piling.

The research results of heavy metal migration asémed rocks, under the influence of the filtra-
tion flow and vibration prove that even in favomglonditions (big sand fractions, clay absence) the
depth of metal grains penetration is not greatan geveral centimeters per month.

In a great sand pile on the polygon due to thespiresof the upper rocks lower layers will stiffen,
that will reduce the speed of migration furthemfrthe surface. Besides, lower levels will be gréigiua
saturated with finely dispersed particles of theksoout washed by drain waters from the top of the
pile that will additionally prevent gold from simg down.

If we take into account that in winter the filtiati flow in most cases is insignificant or is absent
than we can suppose that gold thinking happenasivtely only in summer than in annual advance of
mining-preparatory works maximum gold particlespthsement in the lower part of the pile will be
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less than 0.5 m. So, the gold “sinking” from thevéw part of the sand pile will remain in the denaarc
tion layer and will be mostly extracted during dyd).

If clay-sill particles are few or absent in the daand there is a filtration flow in soft rockstbé
deposits the thickness of the demarcation layeuldhioe increased up to 0.8-1.0 m, or it should be
done from argillaceous rocks.

Sand preparation to dredging with mechanical loibgerand dredge parameters control of the face
allow eliminate the losses in interstep and intefiae pillars, but thanks to visual bedding-rock
cleaning-up eliminate sand losses in holes andieawf the basement rocks. Besides if the samd pil
is rather big its top part can be formed of lowelgrgproductive sediments or from rocks of protective
overburden rocks that eliminate metal loses cainng-

Sand preparations to dredging with productive sedisiparameters control their qualitative char-
acteristics and redistribution of valuable compdsever the face surface allow reduce operational
losses of the mineral deposits several times adfigiantly reduce process losses of valuable cempo
nents.
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