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ABSTRACT

The object of this paper 1is to describe the development and
application of a computer simulation program developed at the Mining
Engineering Department, Nottingham University. This program allows
the mine ventilation engineer to predict the distribution of the
steady state gaseous pollutant concentrations to be expected around a
mine ventilation network when alterations to the ventilation system or
production cycle of a mine are proposed. This information can assist
in the correct interpretation of the signals received from any

installed environmental monitoring transducers.

OZET

Bu makale vyazarlar tarafindan Nottingham Universitesi, Maden
Mihendisligi BOliumiinde geligtirilen bir komputer programini agiklamayi
ama¢ edimmigtir. Maden havalandirma sisteminde veya lretim asamasinda
herhangi bir degisiklik planlandi§i durumda, s6zi edilen bu program
havalandirma mihendisinin, maden havasindaki zararli gazlarin
konsantrasyonlarini Onceden tahmin etmesine yardimci olur. Bu da
dolayli olarak vyeraltindaki monit6rlerden gelen sinyallerin dogru

yorumlanmasina katkida bulunur.
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1. 1 NTRCDUCTI CN

The main objective of a ventilation system is to deliver an
adequate quantity of fresh airflowto the working areas of the nine.
The required airflow should be at the correct velocity and volune
flowate to ensure that any harnful gaseous pollutants are dispersed
rapidly and diluted to below prescribed safe (general body
concentration | evels.

The exploitation of deeper reserves and the use of intensive
mechani sation nmethods to obtain higher productivity |evels has placed,
an increased burden on the mne ventilation system The success in
the design and safe operation of ventilation systens to tackle this
probl emhas been due, in part, to the devel opnent and introduction of
reliable on line environnental transducers.

To assist in the determination of the correct position of the
monitoring transducers within the mne ventilation network and to aid
in interpretation of their signals, the mne ventilation engineer
shoul d have a know edge of the najor emssion sites and rates, and the
resulting steady state gaseous pollutant concentration levels to be
expected throughout the mne ventilation system

2. THE PRESENT PROGRAMS AVA LABLE FOR Al RFLOW DI STRI BUTI ON AND GAS
PREDI CTI ON

The main purpose of ventilation analysis is to assist the
ventilation engineer in producing a satisfactory solution to an
existing or projected ventilation problem .

There are many industrially proven prograns available (Penn
State, Hartrman et.al., 1982; PENVEN, Anderson et.al., 1978; MNA
Barnes, 1976 and VNKT, MPherson, 1964). This class of prograns nay
be wused in conjunction wth underground ventilation surveys and/or
projected airway design data to assist in the ventilation planning of
any nmine. The VNET program has been enpl oyed by the authors to obtain
the airflow pressure patterns for any given nine ventilation system
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There are a nuirber of prediction methods for gas emission in
c/isfence such as firedanp (MRDE, 1982) and diesel (Bandopadhyay, S.
et al., 1983) etc. A summary of oth =i firedanp prediction nethods nay

be found in the review article by Curl (1979).

The gas distribution program which is described m a latter
section, enpl oys specific site data together wth a suitable
prediction method to determine the pollutant emission rates and
subsequently calculate the the steady state gaseous concentrations of

pol lutants around the given mine ventilation network.

3. MONI TORI NG OF THE GASEQUS POLLUTANTS

Over the years, extensive research has been conducted into
inpro/ing the safety of underground mining operations. This has led
to a steady expansion in the nunmber of, and installation of,
envi ronnent al noni t ori ng and neasuring instruments wthin mne
ventilation systems. The electrical signals produced by the devices
are transmitted to an intelligent outstation or central station where

they are evaluated and subsequently recorded.

The first generation of transducers nmeasur ed met hane
concentration and air velocity. However, there has heen a rapid
growth in monitoring technol ogy which has produced a wder range of
more reliable nonitoring transducers which can neasure general body
concentrations of oxygen, carbon nonoxide and carbon di oxide. The use
of these devices 1is now beconming nore w despread ensuring that the
quantity and quality of the ventilation air is maintained at working
pl aces. They are also wused for early recognition of spontaneous

conbustion and fires.

The program devel oped by the authors can be used to identify the
correct locations of environnmental transducers within the nine
ventilation network. To do this the mine ventilation engineer needs
to know both the sites and rates of enmission, as well as the steady
state general body concentration levels that are expected for the
whole ventilation system in order to conpare these concentrations
with the neasured val ues. In cases where a considerable discrepancy

occurs between the neasured and predicted general body concentration,
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5.1. The A gorithmof The Program SPLIT

Before the algorithmis described, the input data required from
the user are detailed below. The infornmation stored in a ordered data
base is :

- branch nunber,
begi nning junction nunber,
end junction nunber,

airway type, i.e. -1 for returns, 0 for enission sites, 1
for intakes

fresh airflow volunetric flowate

The contam nant volunetric flow rates for each emssion site and
the total nunber of branches are to be entered by the user.

A flag nunber is given to each branch starting fromany enission
site to the upcast shaft in a sequence which is increased by one after
each labelling. This forns an ordered path of branches. Simlarly, a
subflag nunmber is assigned to each of branches in the path defined
above. This indicates the nunber of splits in the concerned path.

The algorithmof the program SPLIT is given bel ow :
1- Sart
2- Find next emssion site, set the counter n=l

3- Search for the airways leaving this branch site and |abel themw‘'th
the updated flag nunber n=n+l. |In addition |abel each of the branches
leaving this junction with a subflag nunber i.e k= 1,2,3

4- Calculate the volurmetric flowate of contaminant for each of these
branches with respect to their volumetric airflowrate. |If there is
only one airway |leaving this branch, assign the volumetric contam nant
flowate fromthe previous branch.

5- Choose the airway with the |argest subflag nunber and repeat steps
3 to 5 until the surface reference junction has been reached.
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6- Search through the colum storing the flag nunbers. D scover the
largest flag nunber n in this colum and check the subflag nunber in
the corresponding column, if it is O or 1 it means that it has already
been calculated, therefore search for the next flag nunber with the

value of n=n-1. Then check the corresponding value in the colum
storing the subflag numbers. |If the concerned subflag nunber is not 1
or 0 set the flag and subflag val ues to O. And then look for the

branch holding the flag nunber with the value of n and the subflag
nunber with the value of k=k-1. After this has been done direct the

procedure to step 3.

For the case where all the subflag nunbers are either 0 or 1, it
means that the surface reference junction nunber has been reached by

following the path fromthe emssion site.

7- Search for any nore enission sites. |If there is, go to step 2

ot herwi se perform step 8.

8- Wsing the prescribed airflow quantities and determned pollutant
volure flowates, calculate the general body contam nant concentration

levels in all the airways.
9- Print out the results

The concentrations of these contamnants are printed out in terns
of general body concentrations and Threshold Limt Values (TLV).
A though the general body concentration of a contamnant is expressed
as a percentage, the TLV of a contamnant is described either in

p.p.m (parts per million) or ny/nt. The program also utilises
appropriate  warni ngs. These are the legislative limt of
concentrations for CH4, CO, CO2, N® and H2S in the UK (MRQA, 1954;
1980), and are stored in the programas defaults. |f the cal cul ated

concentrations approach or exceed the limt the warnings are given at
three | evels.

The 3 levels, at a concentration, C (%, are

level 1 (¥ where 1/3 < C< 2/3 of the lint
level 2 (**) where 2/3 < C< linmt
level 3 (**) where C > linit
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- 22 new hard coal mnes, there of 10 m nes of
coki ng coal, have been built,

- about 350 production, man-riding, supply and
ventilation shafts have been sunk and appr ox.
130 new mi ni ng hori zons have been devel oped
and put into service,

- amjority of tne existing mnes have been
extended and noder ni zed.

At present, hard coal is mned in 70 active under-
ground mnes ana next 2 mning units are under
constructi on.

Geol ogi cal and mning conditions in hard coal nines
Ahere m ni ng operabi ons are now underway, can be
characterized as fol |l ows:

the average depth for mning operations is 560 m
though in sone mnes coal is mned at a depth ex-
ceedi ng 1000 m

- about 5» of the total output cones fromnethane-
-bearing seans, anolLj themthose of the highest
gas hazard degree,

- in 50 mnes water hazard is encountered and the
water flowng to the mne workings is strongly
mneralized and in nany cases highly aggressive
towards steel and concrete, i.e. elenents consti -
tuting support structures of m ne workings,

- in 14 mnes the anbient rocks tenperature in deve-
| opment and production workings exceeds 55 G

As may be seen iromthe above quoted facts, mning
conditions for coal deposits in Poland nust be con-
sidered as difficult.
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I hey have al so a bearing upon the choice ol nechani -
zation and organi zasion systens applied at driftage
of openi ng and devel oprment wor ki ngs, such as verti -
cal shafts and various types of galleries, which
will be the subject of discussionin the further
part of this paper.

To enabl e such an extensive devel opnent of the pro-
duction capacity of mines in the past and maintain-
ing it at a steady level at present the Polish Coal
I ndustry since many years has to its disposal its
own hinterland facilities, such as:

- research institutes and planning and design
of fi ces,

- machi ne production and repair capacities,

- executive potentials in the line of construction
of mines and devel oprent of mining | evels, ex-
tensi on, noderni zati on and reconstructi on of
exi sting m nes.

2. DRI FTAGE OF OPENI NG AND DEVELCPMENT WORKI NGS .

2.

1. The Quantitative Scope of Aorks

To maintain the production potential of the Polish
Coal Industry at its present level it is inperative
to sink annually approx. 5000 mof shafts and snall
shafts and to drive nore than 1500 km of stone,
coal -stone and coal galleries neant for naking
access to and panel ling new parts of coal deposits.
Irrespective of the above, tnere is a need for
construction every year of many other underground
structures, of so-called chanber-type, serving va-
rious purpose and functions in the chain of coal
extraction technol ogi cal process.
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2.3»

496

At present the M ning Devel opnent Corporation
i ncor porates 15 organi sational units, including

- 10 mne devel oprent units dealing with shaft
sinking, drilling operations, driving principa
gall ery and chanber wor ki ngs,

- 1 mne surveying unat serving the whol e coa
industry in full-scale mne surveying,

- 3 back-up units responsible for road transport,
m ni ng equi pnent, steel structure manufacturing,
repair of mning equipnent and auxiliary manu-
facture of sone products for the needs of the
i ndustry,

- 1 scientific research unit providing its back-
-up in mne construction by solving any current
and prospective technical, technol ogical and
or gani zati onal probl ens.

At present the Corporation enpl oys 29, 350 persons
i ncl udi ng 25,900 enpl oyees as directly production
personnel and 3»600 enpl oyees as the engi neering
staff.

The organi zational chart of the corporation, wth
the nunber of enployees in the individual units,
is presented in Table 2.

Machi nery and Ji qui pnenb Managenent for Conducting
M ne Devel opnent Vérk

The Corporation, having so remarkabl e staff poten-
tial, also owns the principal nachinery and equi p-
ment necessary for execution of mne workings and
other mning projects with prevailing various geo-
| ogi cal andrainingconditions and with the appli -
cation of various methods and technol ogi ca

syst ens.



To ensure the nost effective use of the nachinery
and equi prent potential there has been set up,
within the Corporation, a centralized nanagenent
systemin this line. The specific feature of that
systemis that certain organi zational units have
taken over the whole lot of nachinery of a speci-
fied type and nmake it available for the users
under a | ease arrangenent.

The follow ng nachinery and equi pnent have been
covered by the centralized nanagenent system

- nmachi nery and equi prent for the sinking of
shafts fromthe surface /including special
nmet hods/, deepening of shafts and underground
snal |l shafts,

- nmachi nery and equi pnent for driving openi ng-up
and devel oprrent workings in hard coal m nes,
bot h active ones and those under construction.

The organi zational units for nachinery and equi p-
nment nanagenent are al so responsible for all the
problens related to proper use and operation of
the equi prrent. This covers thefoiiow ngs:

- purchase of new nachi nery and equi pnent,
- conducting maj or overhaul and medi um and
routine repairs,

- storage of spares for nachinery and equi prent,
- running a technical service division to remedy
t he break-downs or danages directly with the
users, wthout the need of bringing up the
equi prent from underground to the surface.

So organi zed system of nachinery and equi prent ma-
nagenent has a nunber of advantageous features and
it has been proved fully successful over many
years of its application
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3. Shaft Sinking Mechani zation and O gani zation

3.1. Shaft Sinking Methods

Trying to give a nore detailed outline of necha-
ni zati onal and organi zational problens as far as
shaft sinking is concerned it seems worthwhile to
briefly discuss the geol ogi cal and m ning condi -
tions, under whi ch such kind of workings are sunk,
and t he net hods of sinking.

The hard coal deposits in the territory of Pol and
originated in the Pal eozoic era (the Upper Carbo-
ni ferous systen) and, as a result of subsequent
geol ogi cal processes whi ch took place until the
Quarternary, inclusive the deposit rocks, have
under gone t ectoni ¢ di sturbances, weathering, ero-
sion, saturation with water- and gasses and t hey
have been covered with younger rock |ayers whose
t hi ckness occassional |y exceeds 1000 m

That rock cover, representing the Quaternary and
Tertiary, and in sone cases al so Oetaceous, Jura-
ssic and Triassic periods, is constituted inits
nost part of |oose |ayers or those of a snal
strength, assumng in some places |liquid state by
the action of water or gas under hi gh pressure.

As a consequence, this results in a necessity of
appl yi ng special nethods for passing through the
cover | ayers

I n Pol and about 90 % of shafts constructed had to
be sunk by special nethods on their |ength sec-
tions ranging from50 to 760 m
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At present 3 special nethods are applied, depend-
ing on geol ogi cal and mning conditions prevailing
in the rock body:

- the strata-freezing method,
- the injection method,
- the strata dewatering and degassi nhg net hod.

3.1.1. The Strata Freezing Met hod

Al t hough the shaft sinking method based on arti -
ficial icing of the water contained in rocks was
in use in Poland nmore than 100 years back, it
has found a wi de-scale use only after the Wrld
War I'1. This was inposed nostly by the necessity
of intensive devel oprent of the raw material re-
sources in our country.

Wth its extending use, the method has undergone
conti nual inprovenents connected wth:

- rationalization of designing nethods,

- increasing the capacity of the systemand im
proving the operating data of the freezing
units which allowed for increasing the degree
of freezing the rocks,

- inproving the drilling and casing of the
freezi ng bore- hol es,

- increasing the depth of application,

- theoretical |earning of the physical and che-
m cal phenonena taking place in the frozen
strata and inproving the shaft |ining applied
inthe freezing zones.

The present state of the art allows for applying
that method to a depth exceeding 750 min shafts
up to 9 mdia., with a tenperature of frozen
rock reaching up to -20°C.
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For instance, this nethod has been successfully
applied at sinking of shafts in the Lublin Coal
Area when passing through the |ayers of quick
sand deposited at a depth of approx. 590 m under
pressure of 7.0 MPa.

Asinplified diagramof a systemfor the sinking
of shaft with freezing method is presented in
Fig. 3while a cross section of a | ength of
shaft sunk with that nmethod - in Fig. 4.

A certain variant of the above said nethod,

based on sectional freezing of the strata, finds
application in cases when the layers to be frozen
are deposited at a considerabl e depth under non-
-wat erbearing | ayers, or el se when qui cksand

| ayers or strongly water-bearing ones are en-
count ered unexpectedly.

The sectional freezing can be done with the use
of bore-hol es made either fromthe shaft foot or
fromthe surface.

A diagramof sectional freezing of strata with
bore-holes drilled fromthe shaft foot is pre-
sented in Fig. 5.

In case of applying sectional freezing wth bore-
-holes drilled fromthe surface in the section
where the shaft has been already sunk it is re-
quired to apply therno-insulation in the freezing
zone to protect the lining nade in the non-frozen
section of the shaft.

The so-called conpressed air cushion or other

| ow heat - conduction naterials may fromthe therno
-insulation. Sporadically, there may be used an
inner heating circle for separating the frost
zone fromthe shaft lining protection zone.



5.1.2.

The experience gained in the Lublin Coal Area
proved that an effective protection of the
l'ining over the section undergoing the freezing
process right fromthe surface can be ensured
to a depth of 550 m

A di agram of sectional freezing of strata with
bore-holes drilled fromthe surface according
to the variant with the nmethod of thermal pro-
tection of the shaft lining (a heating circle
or |ow heat-conduction ne'erials) is presented
inFig 6.

The I njection Mt hod

The injection nmethod is applied when the shaft
is being sunk in strong but fissured heavy wa-
ter-bearing strata fornation.

The above nethod is also applied in two variants
i.e. by drilling fromthe surface and by drill-
ing fromthe shaft foot. It is possible to
apply the second nodification with utilizing a
natural rock shelf over a water-bearing |ayer

or by an artificial concrete plug nade in the
shaft foot.

Better results are obtained with injection ope-
rations performed with bore-holes drilled in
the shaft foot, especially in such cases when
it is possible to flush water-bearing fissures
by letting the water out of themthrough the
bore-hol es to the shaft.

An exanpl e of application of that method can be
the sinking of Shaft Il of the new" BUDRYK "
Colliery (Fig.7) where a sudden water inrush
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inthe shaft at a depth of approx. 270 mat a
rate of 4.7 cu.mimn and under pressure of
approx. 2 MPa has been liquidated with that
nmet hod*

3.1.3. The Method of frelimnary Dewatering and
Degassing of Strata

That method, also referred to as a depression
nmet hod and based on dewatering and degassi ng
of the strata around the shaft prior to the
sinking of the latter, finds ever w der appli -
cation apart fromits di sadvant ages.

Anong others, all the three shafts of a new
Colliery " MORC MEK " have been sunk with that
nmet hod fromthe surface to a depth of 690 min
the cover layers represented by Tertiary forna-
tions constituted of thick conplexes of silts
and nudst ones i nterbedded w th exceedi ngly
pressed thin | ayered sandy powders, sands and
slightly firm sandstones havi ng underneath an
approxi mately 25 mlayer of slightly firmcon-
gl omrer at es*

Because of a high pressure of water and gas
prevailing in the | ayers of sands and congl one-
rates (approx. 3-4 Mpa) those formations in
their natural condition, after exposing them
with a shaft, would undergo fluidization and
crushing foll oned ejection into the shaft ex-
cavation. This has been observed in one of the
nei ghbouring shafts sunk across the Czechosl ovak
bor der.



3. 2.

The application of prelimnary dewatering and
degassing of the strata allowed for a consider-
able reduction of costs of the lining and for
shortening the construction tinme by 2 years.

The Equi prent Used for Shaft S nking

Excl usi vel y conventional methods of shaft sinking,
i.e. with the use of explosives for working the
rock solid are in use in Poland. So far no drill-
i ng nmet hods have been appli ed.

i'or the actual sinking there are used machi nery
and equi prent di sti ngui shed for high performance
data which allows for sinking shafts of up to
9.5 mdia. and above 1200 m dept h.

Anong that equi pnent the follow ng should be
l'isted:

- hoisting headfranes of up to 31 mhei ght and
effective lifting capacity up to 176 ton,

- winder units, single- or doubl e-ended, provided
with a notor of 630 kVA to 2000 kVA power, en-
suring the reaching of up to 1500 m dept h,

- electric hoists of 10 to 35 ton capacity, with
rope druns of 2000 m storage capacity,

- cabin-type shaft |oaders provided with buckets
of Q65 cu.mcapacity,

- freezing units of 500 thousand kcal /h capacity
provi ded wi th amroni a conpr essors,

- air conpressors of up to 33 cu.mmn capacity
with the working pressure of 8 bar. (Rcpntly
a higher efficiency conpressors of screwtype
are being introduced.)
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3.3. Mechani zation of the S nking Process

The extent of mechani zation of the principal
shaft sinking operations, covering the working of
rock and the construction of |lining can be chara-
cterized as follows:

3.3.1. Bock Body Wrking and Mick Hoi sting

504

In general, the rock working is performed by

bl asti ng. Exceptionally, in case of applying
the freezing nethod, the working of side wall
in close proximty to freezing bore-holes is
performed wi th pneunati c pi ck hammers to pre-
vent possible danage to the freezing bore-hol es
as a result of blasting.

At present, blast holes are drilled w th hand-
-held rotary percussive drills to a depth upto
4.5 m (or with rotary drills in |ess conpact
rocks), driven pneunatically.

The blasting naterials used are the rock-type
expl osi ves or others, in case of occurrence of
nmet hane hazard or when passing through coa
seans, and mlisecond electric detonators, their
desi gn and del ay range applied depending on the
conditions of performng the bl asting work.

Hecent research and design work is ainmed at im
pl enmentation of junbos at the shaft drilling
practice to elimnate the |aborious manual drill-
i ng.

For limtation of the scope of nmanual working
of side walls in shafts sunk with freezing nme-
thod the Lublin Coal D vision has successfully



3.3. 2.

i ntroduced a special shaft-type shearer of their
own design, the unit working nechanically the
whol e cross-section of the shaft under sinking.

For |oading the nmusk, nost frequently very effi-
cient, high-capacity cabin | oaders are used
with 0.65 nr buckets. The nuck is |oaded into
hoi sting buckets having capacity up to 6.0 TP.

The di scharge of nuck frombuckets at the shaft
top is done autonatically.

Construction of Lining

Construction of the lining, nost often formed

by a nonol ythic concrete lining, is also fully
mechani zed. To make the lining there is used a
slidable steel shuttering suspended fromw nches
which allows for easy handling and setting it in
pl ace.

The concrete mx itself is prepared in shaft
site concrete plants or central concrete plants
of a high capacity. The latter type of concrete
plant finds ever wi der and w der application,

as being nore economcal and nore suitable hav-
ing in view technical and organizational con-

si derations.

The lowering of concrete mix in the shaft to

the place of its laying is done with the use

of speci al buckets.

In case of applying other types of lining, e.g
tubbing lining or that nade from heavy precast
concrete segments, there are used special plat-
forns or equi prent enabling the construction
to be nmechani zed.



3.4. Wrk O ganization

The organi zational systens applied at shafts
sinking nust take into account both the technical
conditions and the limtations resulting from
rules and regul ations for safe conducting of

si nki ng operati ons.

For instance, anong the technical conditions one
nmust specify the requirement for full utilization
of the available work time and obtai ni ng possibly
hi gh sinking rates taking into consideration a

hi gh cost of equipnent installed on construction
site. Next, nention nust be made about such factor
as limting of the work tinme because of high or
low (Wth the strata freezing nethod) tenperatures
prevailing in the foot of the shaft being sunk

A long-time experience has led to the application,
as a general rule, that the shaft sinking work is
conducted on a 4-shift/day basis, the working
shifts having 6 hours each.

The nunber of personnel in the shaft foot (face),
dependi ng on the shaft dianeter, the technol ogy
and nechani zation applied, varies from5 to 9 nen.

The off-face works, the attendance of all nachi ne-
ry and equi prent and auxiliary work on the sur-
face, are conducted by separate teans working on
3-shifts/day basis, the shifts being of 8 hours
each. The nmagnitude of that manpower is 7 - 10
nmen dependi ng on the technol ogy and sinki ng work
mechani zati on appl i ed.
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4. MACHANIZATION AND WORK ORGANIZATION IN DRIVING
GALLRRY WORKINGS

4.1. Technical Specifications and Driving Method

Applied

Oat of the 1500 km of gallery workings driven
annually in the Polish Coal Industry only 267 km
(i.e. 17.4 %) are classified as stone workings
while the remaining part, as coal and stone or
coal workings.

Approximately 88 % of all workings are horizontal
workings or those inclined up to I 20°.

The gyerage cross-section area of the workings,

as excavated, is 17.40 mp, though a part of the
b
workings has cross-sections larger than 20.0 m

This is due to ventilation and air-conditioning
reasons in connection with a high rate of emission
of methane from coal seams and with high tempera-
ture.

All the gallery workings are secured with steel
supports.

In view of the steady increase of depth at which
the workings are driven, and the resulting ever
harder and harder geological and mining condi-
tions, there has been observed a pronounced trend
in applying arch supports with ever increasing
unit weight, where the 21 kg/m and 25 kg/m profi-
les are replaced by supports with 29 kG/m or

36 kg/m unit weight and, recently, even with

44 kg/m.
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The gallery workings are driven with the applica-
tion of conventional nethods only, because of the
fact that they are located in fairly hard carboni -
ferous formati ons. Sonetines, certaindifficulties
are encount ered when passing through strongly

wat er-bearing faults and gassy zones, and in such
cases prelimnary dewatering and degasification

of the strata is performed by nmeans of speci al

bor e- hol es.

As far as the manner of working the rock body is
concerned, both conventional and road-header
driving nethods are applied. The kind of method
chosen depends on the cross-section of the gallery
driven and the kind of rocks encountered.

In practice, all the stone headings are driven
with conventional methods while a part of coa
and stone and coal workings are driven with the
use of armtype road headers.

4.2. Driving of Stone and Coal - Stone Headi ngs
wi th Conventional Methods

4.2.1. The equi prent Used

The principal equiprent for driving such work-
ings with conventional nethods include the
fol | ow ng:

a/ ior drilling of blast holes:

- Hand-hel d percussive drills pneunatically
drivens of 22 kg weight, nounted on air

| egs,
- Llectro-hydraulic-driven Caterpillar nount-
ed drilling junbo units provided witn two

heavy-duty percussive drills of 70 kg cl ass,



2.

2.

b/

c/

d/

i'or |oading the nuck:

- Overhead loaders with 0.25 m scoop
pneumati c-driven, rail-nounted,

- Scraper loaders with electric drive,

- Side-discharge | oaders with a scoop of

1.0 - 1.2 nr capacity, caterpillar-nounted,

having electric or pneumatic drive, the

latter type of drive being neant for ope-

ration in conditions rendered by a high

degree of mnet hane hazard or high tenpera-

tures,

Stripper-loaders with an electric drive.

For the haul age of muck fromthe face there
are used mne cars of up to 3 nr capacity or
el ectric-driven scraper conveyors.

For delivery of supplies there are used the
followi ng technical nmeans: mine cars, plat-
forms, tinber bogies, suspension-type nono-
rail systens, winches with electric or pneu-
matic drives, track tractors with pneunatic
drives, and, in the face zone, also the
scoops of side-discharging | oaders.

Mechani zati on of Headi ng Drivage

Dependi ng on the prevailing conditions and
needs (cross-section, inclination, run of the
wor ki ng) the above di scussed equi prent is uti-
lized in determ ned technol ogi cal systens pre-
sented in Table 1, the individual process ope-
rati ons being denoted with the follow ng
synbol s:
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F - drilling of blast holes,

L - loading of nuck,

"£ - haul age of mnuck,

M- supplying of materials to the face,
S - making of supports,

A - auxiliary operations.

Exanpl es of specific technol ogi cal systens
based on the equi pnent di scussed above are
presented in drawi ngs 8 and 9»

It has to be underlined that the whol e equi prment
for driving gallery workings is represented by
products of Polish factories. They are subject
to continuous noderni zati on and better adapta-
tion (inprovenent) for use under various requi-
rements and conditions set forth by specific
appl i cati ons.

One of the essential trends inthis line is the
desire to elimnate the non-econom cal pneumatic
drives in favour of electro-hydraulic ones.
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! T T T T
151, ,Opsra—~,

§N°‘i tion | Basic squipment } Kind of working:
! ! ! ! !
! t F ! 2=4 percussive drill units! Horizontal !
! ! ! with air 13% ! gallery !
i i1 L { 2 overhead loaders 1 workings with !
! ! 7 ! Mine cars of small capaci-! a small cross- !
! land ¥ ! ty (0,6-1 m7) ! ~section !
| O - i Manual work : of 8 - 12 m2 i
! 1 1 !
! ! ! !
! I F ! 3-5 percussive drills withl |
! ! ! air legs or drilling jumbo! !
! I L ! Side-discharging loader | Horizontal !
! ! T | Mine cars og nedium capa- ! gallery !
! ! ! city (2-3 m”) | workings |
! ! M ! Tubs, platforms, timber ! 15 - 30 n® !
! ! | carriers ! !
! ! A ! Turn-out plate with winch ! H
! ! ! and rail shunting tractor ! !
! ! 8 } Manual work with a loader ; !'
I ! !
! 1 ! 1
! ! F ! 3-5 percussive drills with! Gallery !
! ! ! air legs or drilling jumbol gorgings with !
! 1 L | Side~discharge loader inclina- !
t 1 T ! Scraper and belt conveyor ! tion and !
I' § M ! Suspended monorail system ! 15 - 20 m3 !
!! : S i Manual work with a loader i croas-gection i
! ! ! ! !
{ 1 ! 3-5 percussive drills ! !
! ! ! with air legs ! !
! { ! 2 overhead loaders or ! Inclined !
! ! ! side-dlscharge loaders ! gallery !
! 1 ! with brakes ! workings 1
! ¢ T ! Scraper and belt conveyor ! / £ 890 / !
! ! M ! Suspension-type monorail ! !
! ! ! gystem ! !
1 ! |! Manual work : ;
! 1 1

Table 1
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4.2.3» Heading Drivage O ganization and Results
(bt ai ned

The work in stone headings is basically per-
formed in 3 shifts, rarely in4 shifts, applied
at alimted effective tinme of work in the face
(at a considerable distance fromthe man-ridi ng
shaft or at higher tenperatures) .

The teans consist of 4 - 7 men depending on the
met hod applied. The effective shift index for
stone gal l ery worki ngs exceeds 2.9. The average
daily advance rates obtained are 2.3 - 2.5 niday
while the nonthly rates are contai ned wthin

60 nmi nont h. Wen driving coal - and- st one headi ngs
daily rates of 5.3 - 5*5 niday are obtai ned and
the nonthly rates range to approx. 135 a«

4.3» Drivage of Stone Coal Galleries with Shearer
Met hods

4. 3. 1. Equipnent Wsed

As already nentioned, for coal -and-stone head-
ings armtype road headers are used.

In recent years their range of application has
been greatly extended and they are used in
approx. 70° of the whol e of gallery workings,
i'a domestic use there is applied an AM 50 road
header manuf actured under |icence of the Austri -
an Voest Alpine. Its designis a good one and it
fully meets the requirenents as far as nechani -
cal working of the rock solid is concerned.
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4.3.3»

However with the experience gained nowadays
some disadvantages of this design may be also
observed, such as:

- limited application to the workings with a
cross-section within 12 - 17 m,

- impossibility of cutting the coal accompany-
ing rocks of the hardness 40 - 60 MPa

The Drivage Mechanization

In principle, one mechanization system is in
use, but of two variations. The system is based
on use of two scraper convsyors arranged in se-
ries behind the shearer.

Depending on the variant of the system, the in-
termediate conveyor may be set on the floor of
the working and it can be either extended in
accordance with the face advance or suspended
to a travel carrier and shifted in whole with
the advance of the face.

Most of supplies are delivered to the face with
the use of suspended monorail systems.

Drainage Work Organization and Results Obtained

when driving mine workings with application of
shearer technology 4-shift work system is used
with three working shifts and the 4 " one de-
voted to the maintenance of the equipment, in-
cluding routine repairs and the extension of
transportation system.

The personnel in each production shift amounts
to 5 persons.
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Wen the shearer systemis used, the average
daily advance rates reach 8 - 9 mwhile the
nonthly rates reach 200 - 230 m

In favourabl e conditions and in case of urgent
need the rates obtained i n Pol and reach 30 niday
and 800 - 900 mi nont h.

5. GONCLUSI ONS

As a summary to this paper the fol | ow ng
concl usi ons nay be drawn:

1

In the Polish GCoal Industry the opening and de-
vel opment wor ks are much diversified and they
are carried out to a wi de scal e.

The mning work is often conducted i n adverse
geol ogi cal and mning conditions with a high
degree of various natural hazards.

The anmount of equipnent in operation is consider-
ably high and, though their designs do not re-
present the top nodern level they are utilized
to the utnost. However, recently there has been
noted a systenatic devel opnent of mechani zation
and a trend to nmechani ze all the operations re-
lated to shaft sinking or heading drivage.

The mne devel opnent wor ks are based on con-
ventional nethods. |In applying those met hods

use is nade of the vast experience so far gai ned
in sinking of nore then 240 kmof vertical mne
wor ki ngs and 8000 kmof gallery worki ngs.
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The use of fall face drilling nmethods in shaft
sinking and fall-section cutting road headers
ingallery drivage is not predictable as yet.
This ire suit s minly fromthe fact that there
occur frequent and varying quite serious pro-
bl emrs of m ning, geol ogi cal and hydrol ogi cal
nature, and that the costs related to the
application of that technol ogy are very high,

The engi neering staff and worknmen of the mning
of the m ne devel opnent set-up represent an
exceptionally high level of skill and experien-
ce and they can undertake the execution of any
nost conpl ex and serious tasks related to toe
dri vage, reconstruction, extension, furnishing,
even the mai ntenance of underground wor ki ngs
necessary for mnes or cities, or else for other
industries and special!stic firmns.
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Figure 2. Organi zation chart of Mining Development Corporation
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1 SW220/2 FREEZMG SET

2 BRINE SURGE TAMK

3 BRINE COOLING SYSTEM PUMPS

& BRINE FREEIING SYSTEM PUMPS

5 FREEING PIPES

& PEyg 75252 DOWN - CAST AIPES

7 INOUCTION - TYPE FLOW MEIER

& SYSIEM OF VALVES FOR ALTERING THE DIRECTION
OF FLOW OF THE FREEZING SOLURON

Freerng holes circle system
Figure 1, Simplified Diaagram of Starta Freezing System fig 3
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Figure 6. D agramof sectional Freezing of strata with appli-
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\ FISSURES FILLED WITH SILD
K OPEN WATER- BEARING FISSURES
A4 FISSURE SECTIONS FILLED WITH EMENT

- SHAFT BOTTOM PRIOR TO MAKING A PLUG

==—=TOP OF PLUG AT 263,5m LEVEL

1 FISSURE
2 BRICK DEBRIS
3 TWO LAYERS OF CROSS-LAIO FOIL OF2mm THICKNESS

i i 600 mm PIPE. PERFORATED IN ITS BOTTOM SECTION 1-2.0ml' ""3;"2, ur

5 BIB0-2201  PUMP

S DIRECTIONAL PIPE
51+5& WELL BORE-HOLES OF 600 mm DIA
t+IX  CONTROL-INJECTION ~ BORE-HOLES
f+J§ INJECTION BORE-HOLES
cul i ndri cal

Fugure 7a. Devel oped vi ew of

surfase of the 225-295 m sec-

tion of shaft Il of BulryK rol-

lipry
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Arrangementofinjection andcontrol-
/nyecton boreholes mthe cementation
plug and the run of the main water -
bearingfissure
figure 7b.
Cross-sertion of conentati

plug at the bottom of shaft

of Budryk colliery.
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