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Dewatering of Mines Using Modern
Submersible Technology

Modern Dalgi¢ Tulumba Teknolojisi Kullanilarak Ocak
Sularinin Atilmasi

Benkt ANDE (%)
OZET

Madenlerdeki sularin etkili gekilde drenaji, pompa
sistemlerinin birbirleriyle koordineli galigmasi ve ve-
rimlerinin uyumu ile mimkindir.

Pompalarin seg¢imi ve sistemleri madenlerin derinlik ve
genigliklerine bagimlidair.

Kuru montajli temiz su pompalari, ana pompa istasyonla-
rina hakim olmakla beraber son yillarda daha giligli dalgig
pompalar piyasaya slrilmis ve bdylece madenlerin drenaji bir
¢ok olayda dalgi¢ pompalarla ¢Ozllmiistir.

Bu yazi madenlerdeki gesgitli ve Onemli pompalama iglem-
lerini komlir madenlerindeki anti-grizu uygulamalarini ve her
bir vak'adaki basit pompa ihtiyag¢larini igermektedir.

Geleneksel drenaj sistemlerinde ince kati maddelerin as-
kida kalmalari ve atilmalari ig¢in yeni ve sade bir teknik
olan dalgi¢ mikserlerin kullaniligi bazi ayraintilari ile
agiklanmaktadir.

ABSTRACT

The efficient dewatering of mines is a matter of coor-
dinating a system of pumps with appropriate capacities.

The choice of pump type and pumping system is dependent
on the depth and width of the mine.

Dry installed, clean-water pumps continue to dominate
the main pumping stations. In spite of this, in recent years
more powerful submersible pumps have come on the market.

This paper will cover all the various major applications

of pumps within a mine. The explosion-proof pumps for the
coal mining is covered as well.

A new simple technique using the submersible mixer for

the resuspensioning and removal of fine solids in traditional
dewatering systems is described in some detail.

(*)Maden Miih., Pazarlama B81l. ITT Flygt AB - ISVEC
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1. | NTRCDUCTI CN

As long as there have been m nes, there have been
problens with removing unwanted water. e of the first
mechani zed mne punps was described by M. Agricola, "the
first mning engineer", back in 1556.

Until the 18th century water was the limting factor
in how deep a mne could be operated. The devel opnent of the
steamengi ne was a mlestone 1n the nine pun‘ﬁi n?. In 1705
Newcorer invented his engine and installed the first one in
a coal mne in Wl verhanpt on.

The next major mle stone in the mne dewatering was,
of course, the introduction of the electrical nmotor, and, fi-
nal Iy, also the invention of the subnersible punp was rel eased

This type of punp was capabl e of punping highly pollu-
ted and abrasive water. Thus it becane possible to punp un-
settled mne water.

Subner si bl e punps opened up a new punp technol ogy and
a new punpi ng phil osophy, which includes the follow ng najor
advant ages:

- no risk of flooding the notor, as in the case of
tradi tional punps

- ability to punp unsettled mne water containing ab-
rasive particles

- portability

2. SUBMERSI BLE PUMPS IN THE M N NG | NDUSTRY
The general design of a subnersible drai nage punp :

The basic material in this kind of punp is nornally
alumnium for portability but other materials are rubber or
with some restrictions, Polyurethane |ining, high chrone
steel and stainless steel.

Starting fromthe bottomof the punp, the liquid
passes a w de based, springloaded strainer before it reaches
the punp inlet.

I n‘ﬁuri ties which pass the_o;lzleni_ ngs wll also pass
through the rest of the punp, which virtually prevents

cl oggi ng.

486



The sem -opened inpeller is nmade of high-chrone
steel with a hardness of rockweil C 60. Stainless steel
inpellers are also available for corrosive conditions.

The inpeller is trimmed agai nst the rubber-Iined
punp housi ng bottom Wth this design it is possible to
adj ust for wear, thus naintaini ng naxi mum perf or mance.

_ ~ The liquid is guided by the [arge dianeter, rubber-
lined diffusor, pass the motor for cooling purpose and | eaves
t he Plunp through the rotatabl e discharge outlet on .the side
of the outer casing.

The nmotor is sealed off fromthe hydraulic and by
the tandem face seal arrangement on the shaft, operating in
an oil chanber. The oil acts as a |ubricant and cooling
nedi um and provides an extra buffer between the punp liquid
and the notor.

~ The con‘ﬁl etely encapsul ated and dry-running notor is
of a single or three phase squirrel -cage type, wth either
two or four poles. Mst notors have series-connected thernal
switches built into the stator windings, to protect against
over heat i ng.

The Ijuncti on chanber on the top of the punp, in
which the cable | eads are connected to the termnal board, is
sealed off fromthe nmotor, to prevent burn-out shoul d nois-
ture enter due to damage to the cable. Véter sealing and
strain relief functions are seperat ed.

The choi ce of punp depends upon the specific application:

2.1. Face Punp

~Smal |, submersible units are used to keep water out
of the mne working stopes and punﬁs it to sone larger, nore
centrally located stage punps at the sane |evel. These snall

subnersi bl e face punps are in _the size up through 6 kWand
with a max 4 inch discharge. These punps neet the basic re-
quirenments for a face punp which are waer resistant, submer-
sible, able to withstand dry running, has snall dinensions,
and be portable, all inportant factors when tal king about
wor ki ng stop drai nage.

2.2. Stage Puap

The characteristics of a stage ﬂurrp are mainly the
sane as for the face punp, however, in this case of a nedium
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size. The capacity is larger, as this punp installation takes
care of water comng both froma nunber of face punps plus
water conming by garavity flowin ditches to the stage punp.

The stage punps are preferably located at the suitable
intervals along the drifts or ranps in order to collect thé
roadway drainage. In such a systemthe water comng in to the
roadways can be punped to the next punp instaead of flow ng
b?/ gravity in ditches, and there accunulate solids. This wll
al so reduce the need for naintenance of the road,
particularly of damages from errosion.

2.3. Feeder Punp

The main task for this punp type is to punp between
| evel s, the installation has the character of belng each mne
level's main punp station. However the big difference between
the feeder and main punp, is that a feeder punp installation
i s not pernmanent, which the main punp station is. A so, a
feedaf punp installation has to operate with static heads of
50-70 netres, conpared to a main punp which has to operate at
significantly higher heads.

The water collected at the feeder punp cones from
face/ stage punps and by gravity through ditches, i.e. un -
settled water.

As this punp installation is nostly found at the
devel oprent stage in a mne, it has to be regarded as a sem -
per manent system The two conditions, unsettled water and
sem - permanent system The two conditions, unsettled water
and sem - permanent, speak for nmobility and no need for the
excavation of costly settlers.

Subnersi bl e heavK duty punps in the sizes of 20-40
kWare common here. They have to:

- have a duty point between 50- 70 netres,
- be portabl e,

and
- be able to punp unsettled water.

Feeder punps should be designed for tandem operation
this is an inportant feature in modern m ning, where vertical
shafts are reBI aced by ranps. In a nodern nine |ay-out total
ﬁurrp head is beconming nore inportant feature than the static

ead. This means that the punps sel ected nust be flexible
with regards to head requirenents.
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2.4, Tenporary shaft Punp

Wien sinking mne shafts, such punps have to be used
which can followthe work, punping fromdifferent |evels up
to the surface. It is also inportant to have a punp design of
a" slimine " configuration to save space. Subnersibl e punps
are becomng nore popul ar (often the only solution) here,
where they offer space saving and flexibility.

The tenporary punp systemfor shaft sinking is
nostly a two phase systemconsisting of in-shaft punps as
well as punps in the tenporary stations. The |ocation of a
tenporary punp station is determned by :

1) the location of the major aquifer

2) the distance that the in-shaft systemeffectively
can lift the water,

3) the characterics of the punps available for the
tenporary station and

4) the excavation of slots as part of the shaft
si nking j ob.

Instead of costly excavations of slots, only used
for a tenporary station, shaft water rings are used to col -
lect both the water which seeps through the shaft wall and
water coming fromthe in-shaft punps.

The static punp head for the in-shaft punp is
normal Iy not nore than 40-50 metres. In order to keep down
the need for naintenance of the Pun’ps, installed in such an
extrenmel y tough condition as shaft sinking, frequent rotation
of the punps and a high I evel of back- uP I's necessarK. For
this reason the Ipurrp syst em chosen shoul d have a hi gh degree
of flexibility allowing the punps to be installed both as in-
shaft punps, and in the tenporary station.

To concl ude, the punp for a shaft sinking job nost
nmeet the follow ng requirenents:

- subnersible

- flexible, in respect to easy service (portable)
and have wi de variations in punp head

- "slimline", thus space savi hg

- be able to take abrasive water
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2.5. Stationary Shaft Punp

From servi ce and nai nt enance reasons, conplex pum
ping systens are not nornally placed at the bottomof a
shaft. Shaft punps nmust be able to operate during |ong
periods w thout any attendance, conpared to the other
Installations described.

The main character of a shaft punp application is
the sane as for a feeder punp. The required punping capacity
varies, of course, but normally less in conparison to the
f eeder punps.

Most of the water has al ready been collected in va-
rios spots above the shaft bottom Another difference is that
as stationary shaft punp should have nore of a sludge punp
characteristics since a large portion of what is collected at
the bottomof the shaft is sludge with a high solids content.

2.6. Miin Punp

~ Wile the face, stage and feeder punp installations
mne are the nine's water veins, the main punp station
e

ina
is the mne's water heart

I'n any mning operation where water occurs the nain
punp station plays one of the major roles, if not the nost

| mportant one.

The very exi stance of the mine, the safety of per -
sonnel and nachi nery, depend on the reliability of the main
punp station. Consequently, the main punp is not only the
mne's water heart but the very heart of the m ne.

~ There are mainly three different configurations for
the main punp station, nanely:

- the horizontally rmounted nulti-stage centrifugal
clean water punp driven by a non-subrrersibl e
electric notor

- the horizontally nounted non-subnersible electri-
cally driven centrifugal punp of heavy-duty design

- the fully subnersible electric punping unit.

This paper will not cover the advantage and
di sadvant ages of the non-subnersible alternatives except for
the maj or drawbacks of these systens, which are the costly
need for bulky settlers or holding tanks, and the risk of
fl oodi ng the notor.
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VWhen designing a settling basin, the question is how
big should it be? There is a trade off between its size and
the estimated peak capacity needed. If the basin is nmade too
smal |, the "clean-water basins, punp chanbers etc., nake a
good case for the use of |arger punps.

If, however, space for a punping arrangenment is
already available on the internediate levels, it could be
nore econonical to have nmultiple lifts due to reduced
excavation cost for the necessary sunps needed

In the case where there is only space available for
the punp station, a system of series-connected punps is an
alternative. However, the question is then which design
criteria should be used for piping and fittings of the |ower
sections of the system This |ower section nust be protected
agai nst the gravity head above the station in case of failure
of the upper punp(s). Check valves can be installed, but any
valves can fail, and then the " savings " in a series confi-
guration over using sunps could very soon turn into a |oss.

To summarize, the nultistage clean water punp ar-
rangenment has a nunber of weak points, such as:

- Unable to punp contani nated water including abra-
sive particles, Thus requiring expensive settling
and clean water basins, and costly handling and
di sposal of the accunul ated sedi nent.

- The electrical punp notor used is not water-proof.
The risk of a conplete break-down is always pre-
sent if flooding occurs and that presents a situ-
ati on when maxi mum punping capacity is needed nore
than ever. Seperate punp chanmbers are needed.

- Mon of the commom alternatives are easy to
servi ce.

- Limtation as regards to nmobility. The above non-
submersi bl e system permanent/stationary.

- A drainage systemis required in order to drain
wat er downwards before punmping it up again.

- The cost for horizontal drainage has a tendency
to increase since the location of larger punp
stations have to be protected from danages from
the working stope areas.

The way to overconme these problens is to us elareg
heavy duty, high' head subnersible feeder punps in conbination
with the already presented subnersible feeder punps. The sub-
mersible main punp, i.e. punp and motor conmbined in a single
conpl etely subnersible unit, has appreci able advantages over
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today's common main punp arrangenent, with it's typica
drawbwcks. The subnersible heavy duty concept will elimnate
each of the disadvantages of a dry installed non subnersible
centrifugal punp.

- The heavy duty subnersible doesn't require any
costly installation of settling and clean water
basins since the punp is able to handle contam -
nated wat er including abrasive particles. Ho hand-
ling cost of accumul ated sedinment.

- It is of course conpletely inpervious to danp and
wat er .

- Routine checks can easily be carried out right at
the installation site. As the punp is easy to
transport, the entire unit can be taken to a work-
shop for major overhaul and repaires.

- The character of nobility requires |ess stand-by
equi pnent .

- Since the submersible punp does not require any
speci al foundations, settling basins etc., a
sinple drainage circuit preventing the water to
drain downwards is all that is needed

- Wth the flexible subnersible concept no costly
excavation of protecting chanbers for the main
punp installation is needed. The location is a
part of the mine's devel opment stage closer to the
work areas, i.e less cost as regards to the
hori zontal drainage circuit.

Submersi bl e punps intended for installations in
underground mnes are currently available in sizes from the
smal | est face punp of 1 kWup to the largest typical main
punp of 90 kWwith a max output of about 9000 l[it/mn, or for
the high head version a total head of 200 netres. Also avai-
lable is a 180 kWpunp with a max output of 3000 lit/mn or a
total head of l|arger subnersible units is a result of the
mar ket demand to sinplify and reduce the cost of punping
stations, settling basins etc.
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3. PUWS IMCPEN-PIT M NES

The superiority of using subnersible punps In the
dewatering of open-pit nines Is already wel |l established.
Two mai n types of systens are used, depending on the |ayout
ofdthe_ngnFIand the local conditions regarding groundwater
and rainfall.

In fairly flat and [ evel mnes covering an extensive
area, snall and medi um size wear-resistant subnersible punps
can be installed in sinple punping stations or sunps. As a
rule, the station will nerely consist of a pit or a prefabri-
cated perforated concrete pipe.

These punps deliver the water to a main punping
station which then punps it out of the mne. In principle,
the main station can be of the same sinple design as the
snmal l er stations and the sanme types of punps can be used,
al though of |arger sizes.

In deeper mnes with relatively noderate |ateral
expansion (small bottomdiameter) it is normally preferable
to install the punping capacitr at one location. A places
where the water inflowis highly irregular, and at tines
extrenel y Iar?e, the subnersible punps can be installed on
;a{fs that followthe level of the water as it rises and

alls.

Since wear-resistant subnersible punps wth
conparatlveIY | arge capacities at delivery heads of 300-350 m
are now avail abl e, water can often be punped out of the nine
in one single stage. Wiere this is not possible, an interne-
diate punglng station of the sane sinple type can be arranged
or non-subnersi bl e booster punps can be used. However, these
nust be adequately protected in tough clinmates and installed
hi gh enough in order not to becone flooded. Such floodin
have occurred in areas with periods of heavy rainfall wt
resulting costly consequences.

4. PUWPS | N GASSY AREAS

In coal mning, as well as in nmany other industrial
branches, conbustible materials, which can formexpl osive
gas, are present.
_ Accidental ignition of such explosive atnospheres,
i.e. by an electrical spark or an excessively hot surface,
may cause an expl osion which will endanger |ife and property.

Mich of the safety progress in mning is a result of
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different safety acts. International, national and |ocal acts
and regul ations have been essential tools in the challenge
to reduce the risks in coal mning.

In 1912 the Association of Gernan E ectrical Engineers
(VDE) issued the first directives, dealing wth the protec -
tion of electrical equipnment in mnes where hazard of fire-
danp existed. S nce then many countries have established
thelr own national regul ations.

In 1975 the European Econonmic Community rel eased a
decree covering the use of electrical devices in explosive
at nosphere, i.e. in hazardous | ocati ons.

Fromhere a joint standard valid in nost of the
European countries has been worked out and published by
CENELEC.

It would lead too far to go into any details on this
subj ect of explosive areas and expl osion-proof equi prent but
basically one should know that in an electrical installalion
the ignition sources can be :

- mechani cal sparks,
- heated surfaces,
- electrical arcs and sparks

and to avoid the nechanical sparks created by a collision,
friction etc. is just a matter of selecting the right
material for the product.

The exterior surfaces of the equipnent must not ex -
ceed the maxi num pernmissible tenperature. The way not to
exceed this tenperature is to choose the right naterial
quality and to design the equi pment for good heat transfer.

To avoid electrical arcs and sparks, the encl osure
for the electrical equi pment nust be desi 8ned in such a way
that it can withstand the pressure created if an expl osion
i nsi de occurs.

Sparks created inside the sane enclosure nust al so
be prevented from propogating to the outside. This is done
gy using closer tolerances and increased slit depth in the

esi gn.

Since the beginning of the 1960 s expl osi on proof
su_blneLIsi ble punps for the coal mning industry have been a-
vai | abl e.
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5. SUBMERSI BLE M XERS | M THE M N NG GPERATI ON

A new line of subrersible mxers for solid suspension
and bl ending applications are now avail abl e. The uni que in-
stallation principle consists of an integrated submersible
electric notor, propeller and a guide bar.

e of the key advantages with the new nixer is the
OEportunity to adjust the mxer after it has been installed.
This guarantees that the required mxing result can be
reached. The systemis also very flexible. It can be in -
stalled in all types of tanks and is independent of tank
vol ume and shape. Since the mxer is subrmerged it is al nost
conpletely silent.

As a result of the unique installation principle and
flexibility this new m xer concept now makes nlxinﬂ and
resuspensi on possible in fields where mxers or other tra-
ditional equipnent in the past have proven to be econom cal.

One exanpl e where this new concept is successfully
enpl oyed as cost-cutter is for the resuspension of the
accunul ated nud in mnes ' settling basins, adjacent to the
mul tistage clean-water punps, to such a degree that it can be
punped out by nmeans of a subnersible heavy-duty vortex

I npel | er punp.

In the case where heavy-duty punps are enployed in -
stead of clean-water punps, the settling basin is replaced
by a holding tank. A conmon problemin this case is that
solids in the water settle out in the tank, this sedi ment
either blocks the punp inlet or is too dense, causing
excessive wear on the punp. Various nethods to keep the
sedi ment in suspension are known, of which the nost comon
is to use conpressed air. However, this nethod is costly and
it diverts air needed el sewhere. Furthernore, the mxing
result is usually poor.

Wth a submersible mxer it is easy to achieve com -
plete and uniformmxing which is inmportant for an efficient
operation of the punps. Add to this the savings in costly
conpressed air, in pipes etc
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6. Resuspension O Lagoons

There are primarily two reasons why it is necessary to
clean up deposit sludge |agoons. One is environnmental rest-
rictions, and the other necessity of reuSing the Taaonns.

The cost of tailing disposal tends toIncrease as a result of
i ncreased safety and ecol ogi cal awareness, nore conplex

m neral processing when nmining |ower-grade ores etc. Today
the cost of the tailing handling in many mning operations is
the major operating cost. There is therefore a growing inte-
rest in methods for mnimzing these costs.

The water content In a tailing will vary from opera-
tion to operation. The tailing slurry may contain anywhere
from 15-20 % up to 80-85 % water by weight, i.e. the physica
properties of tailings can vary a lot. Generally speaking,
the nateure og tailings is such that it never dries out. It
can be seen in conditions fromnoist to wet and often in
quite plastic (tixo-tropic) form and will flowif given the

opportunity. In general one can state that |agoon cleaning by
using traditional equipnment is quite a large problem and a
hi gh cost operation. The situation has now inproved, as one
can use a subnersible nmixer and a heavy duty subnersible

punp mounted on a raft.

Thi s conbinati on has shown a very good perfornmance and
is technically superior, conpared to nore regular equiprent
such as draglines, front-end |oaders etc. Al so the investmnent
cost for such a raft is considerably |ower.

7. Concl udi ng Conmment s

The intention with this paper has been to give a broad
overview of water handling within the mning industry and, in
particular, mne drainage all the way fromthe face to the
surf ace.

In particular the use of submersible heavy duty punmps has
been presented, as it is being increasingly accepted as a
way to solve the drainage part of the operations. Today this
also includes large subnersible punps as the " main pump "
in the mne
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Picture 6. Picture 7.
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Picture 13. Picture 12.

Mixer and submersible heavy-duty pump installation Illustration showing the submersible mixer in hold-
for cleaning of settling basin. jng dam for complete and uniform mixing

Picture 14.

Picture 15,

Lagoon cleaning with the mixer-pump-raft concept.
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