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PREFACE

This Collaborative Paper contains the technical papers presented at
[IASA's Task Force Meeting held at the Institute in November 1950 entitled
"Planning. for Planning--Coal: Issues for the Eighties".

This meetingwas part of a research program at IIASA under the generic
title 'Issues for the Eighties' in which systems analysts and managers from
a given industry met to exchange ideas and information, as well as to explore
and develop a strategy of using systems analysis, rather than using it merely
as a tool to be brought in for certain well-defined problems.

The subject of the task force meeting was to explore the use of systems
analysis in the planning of new capacity for deep minging in hard coal. In
fact, the planning of any major project or enterprise, but especially a col-
liery is, in itself, an extremely complex process which, by definition, re-
quires planning, i.e., planning rmust itself be planned. Hence the title of

this seminar,

The discussion was attended by 17 representives from 7 countries, and
13 papers were presented or tabled at the meeting.

-iii-






CONTENTS

REALISTIC ASSESSMENT OF RESERVES
Joachim Scholz, Dr. Hemning Kublun 1

TECHNICAL PROGRESS AND THE SCIENTIFIC-RESEARCH ACTIVITY IN POLISH

HARD COAL MINING. Comments on the Problem and Organization of

Work in the Forthcoming Years

Wojetech Fakomy 8

DIVISION OF HARD COAL MINES INTO HOMOGENEQUS GROUPS BY MEANS OF
TAXONOMY METHODS
Jozef Bendkowski, Jan Stachowics 16

APPLICATION OF HEURISTIC METHODS IN INNOVATION PROCESS OF TECHNOLOGY
AND ORGANIZATION OF LONGWALL MINING
Dr. Gerard Fabian, Prof. Jan Stachowicz, Dr. Jbzef Bendkowski 35

POLISH EXPERIENCE IN OPERATION RESEARCH APPLICATION FOR PLANNING
OF MINES AND MINING REGIONS
Eugeniusz Giszak, Andrzej Mazurek 58

SIMULATION--REGRESSIVE METHOD FOR ANALYSIS OF COAL MINES
CONSTRUCTION AND DEVELOPMENT VARIANTS
Antoni Madejski 69

COMPUTER TECHNIQUES IN PLANNING AND PROGRAMMING OF MINING
PRODUCTION IN POLAND
Andrzej Jadkowski, Waclaw Szulakowski 96

EXPLORATION AND RESERVES ASSESSMENT IN THE UK: THE OR CONTRIBUTION
M.J, Sadnickr 112



PLANNING FOR PLANNING TASK FORCE MEETING, OR AND SA IN NEW
CAPACITY PLANNING., THE EFFECT OF INTERRELATIONS AND UNCERTAINTY
ON THE MINING STRATEGY

M. W, Hancock

NEW MINES PLANNING AND THE ASSESSMENT OF ENVIRONMENTAL FACTORS
E.J. Allett .

SYSTEMS APPROACH TO COAL INDUSTRY DEVELOPMENT ANALYSIS AND FORECASTS
L.A. Kaforin, V.B. Moskvin

FORECASTS OF PARAMETERS AND CONDITIONS FOR DEEP-LEVEL MINING IN
COAL MINE PLANNING. Theory and Practice of the Development of
Automated Coal Mine Plan ning Systems

Dr, A. Miteyko, Dr. K. Kuznetsov

METHODICAL ELABORATION OF THE PROBLEM "DECISION MAKING MODELS OF

THE FEEBLE STRUCTURE PROBLEMS IN THE COAL INDUSTRY"
V.V. Rogozov, S,A. Sorokin

-Vi-

129

137

147

163



REALISTIC ASSESSMENT OF RESERVES

Joachim Scholz
Dr. Henning Kublun

In Tong-wall mining too it is to be assumed that the worked panel is not
recovered completely. The trend towards high working losses was intensified
in recent years by cost constraints and the need to mechanize,

For a realistic assessment it is to be allowed for the existing geologi-
cal reserves being only recovered to the half or even less of their actual
volume. By allowing for losses of different volume the results of long-term
planning and the resulting evaluation criteria were influenced to a large
extent,

Ruhrkohle AG established standard principles for assessment of the prob-
ably recoverable part of the geologically determined reserves covered by
planning.

In a first phase the standard mine survey records need to be updated.
This updating 1§ carried out according to standard requirements and covers
fault structure of the main levels, the profiles of the panel axes, and the
seam profiles. In the drawings of the fault-structure system the 'tectonic
areas" are particularly marked. By means of these drawings all geologically
available reserves are assessed by a standard Ruhrkohle method which implies
a variety of "tectonic code figures". This way of assessment is based on
"tectonic laws of hard coal reserves in the Ruhr area" established by
Dr. Ehrhardt.
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The realistic reserve assessment is based on the updated "Geologischer
Vorrat (geologically determined reserves)" of the planning area of the col-
liery concerned which then is stepwise reduced to "Zuschnittsvorrat (reserves
to be considered for future layout)", the "Planvorrat (reserves to be con-
sidered for production planning)", and eventually to the "Abbauvorrat (the
reserves actually available for production)". These steps are explained in
the following passages.

Qut of the "Geologischer Vorrat" hereafter referred to as GV, seams or
panels are selected according to estimate criteria applied specifically for
the colliery in question. These seams or panels are to be considered in the
development planning phase; they are the "Geologischer Planvorrat" hereafter
called GPY.

When subdividing the GPV into panels to be worked the "Zuschinittsvorrat"
hereafter referred to as ZV is obtained. ZV is determined by the geometric
features of the panel, the probable seam thickness, the ash content of the
seams, and the expected quality of the saleable output.

From ZV the "Planvorrat" hereafter referred to as PV is determined by
calculated reductions in the volume of which is determined by the expected
fault intensity (tectonic code figures), the intended worked seam thicknesses
and the reliability of knowledge on geological conditions in the tectonic
element at the time of layout conception of the panels. These calculated
reductions are determined in the following way:

A reserve =[A reserve.,., xJreserve jxreduction-
ZV-PV A MKB factor |

The following should be noted with respect to the individual elements of this
formula: In case ofthe tectonically conditioned calculated reductions A
reserve,r, difference needs to be made according to the working losses of the
seam worked first in a specific tectonic area and the losses in the subse-
quently worked seams in the area which then is partially known. The first
seam is mostly of more than 1.5 m of thickness worked; due to non-ascertained
knolwedge of the deposit, tectonic faults is worked through more often by the
face. In the subsequently worked seams greater calculated reductions are made
for the idealized layout of the panel since the meanwhile known in-situ tec-
tonics which affect coal winning are lateron, in the actual Tayout, increas-
ingly kept away from the panels actually worked.
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Comparisons of the layout of virgin takes in the initial planning phase
with the actual working layout, resulted in an assumption for the deposits
of the Ruhr covering the graphically shown interdependence between the fore-
case tectonics (ZT) and the resulting calculated reductions (A reserveZT):

A Vor,-at-zr A reserveym
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Figure 1. Tectonicaliy conditions calculated reduction versus the tectonic

code figure.

For tectonic code figure values > 1,4 no significant difference is noted
between the first seam and the subsequently worked seams.

For EDP purposes the required functions are formulated as follows:
Calculated reduction for the first seam:

0.7
0,147 + 2T - 0,8 °

4 reserve,n= 0,9 -
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Calculated reduction for the subsequently worked seams:

0,082
0,141 #2T - 0,8 ~°

4 reserve,n = 0,875 -

When determining the influence of the seam thickness on the volume of
the calculated reductions, expressed by the formulated value reservey, o it
should be considered that, by experience, tectonic faults of identical order
of magnitude imply higher working Tosses with decreasing seam thickness. This
applies in particular for seams of less than 1.5m of worked thickness, as
shown below.,

Vorrat
o ! 0- MK8 A reserve g
2,81
0,6
" \
\ seam thickness

) worked
0,2 A

\' Gebauvle

N ‘~ Flozm schrigheit
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Figure 2. Calculated reduction versus the seam thickness worked

The mathematical formula reads:

0,06

/ reservey, =

MKB-
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For the volume of the calculated reductions it is of importance whether
assured knowledge of the tectonic area provided for production is available.
In those tectonic areas were detailed knowledge of the seam at the time of
layout planning was not available the working losses with respect to the
initial layout are, by experience, comparably high, and the layout necessarily
needs to be more two-dimensional than in known areas.

In areas which are better known either through working of neighbouring
seams or through rise headings or road-headings, the layout planning normally
is also less two-dimensional, i.e., the working losses--as a percentage of
the ZV will remain less than in non-explored "white" areas. The necessary
calculated reductions of reserves become smaller with increasing knowledge
of the take. This fact is allowed for by the reduction factor as a function
of the degree of knowledge (Figure 3).

Redus*tion factor
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Figure 3. Reduction factor reduced with increasing degree of knowledge



The formula reads:

Reduction factor = C,71 x 101 -~ degree of knowledge

The degree of knowledge of a panel subject to layout is expressed in per
cent and determined by the quality of the knowledge gained directly in the
seam to be worked and in the neighbouring seams. Overlapping work in neigh-
bouring seams yields well-established knowledge while linear exploration is
less reliable. The fact that even at a 100% degree of knowledge the reduction
factor is > 0 means that even with best exploration, losses is to be allowed
for with respect to ZV.

The determination of the degree of knowledge to be incorporated into the
formula for takes subject to layout is based on a catalogue established by
empirical evaluation of detailed investigations. Complete overlapping by
workings in less than 200 m of distance means a 100% degree of knowledge.
Examples of formulas to be applied to linear exploration are shown below.

By application of the described formula on the PV results from ZV.
After estimate of the development costs for the remaining panels the reserves
actually available for production can be calculated and considered for the
planning.

Examples for determination of the degree of knowledge

3.2.2 U-shaped exploration to the dip
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3.3.1 U-shaped exploration to the strike

Legend: 40 % degree of knowledge, inclination range C -
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Scheme: Determination of Reserves
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Geologically determined reserves
GV/planning period according to RAG standard definition

Geological residual reserve outside the area covered by the planning
period

Selected deposit

According to colliery-specific choice of panels

Abandoned geological reserves (for the planning period AGY)

Reserves to be considered for future layout

According to: Actual Tayout in known areas

Actual layout in white areas

Layout conditioned losses

Reserves to be considered for production planning

According to empirically determined degree of deserves utilization
(according to knowledge of the deposit and seam thickness)

Calculated reduction resulting from expected faulting

Reserves actually available for production (according to colliery-specific
choice of panels based on RAG standard assessment criteria)

Calculated reductions according to cost analyses for the individual panels

Plan production (according to production planning)

Not integrated in the planning period



TECHNICAL PROGRESS AND THE SCIENTIFIC-
RESEARCH ACTIVITY IN POLISH HARD COAL
MINING

Comments on the Problem and Organization
of Work in the Forthcoming Years

Wojciech Kakomy

1, Introduction

Discussing the technical progress and research in the
Polish wunderground hard coal mining it is necessary to
note that the problem is mnot tackled for the first time,

1 would like to refer to the paper "Selected Problems

and Research Methods of the Polish Mining Industry Relevant
to the ITASA Coal Study" writtem by J.Stachowicz, W.lLakomy

and J.Bendkowski - July 1979 /CP-79-11/.

In this paper many basic data defining the deposit and

mines on this exploitation area, as well as, basic problem
groups to be solved by scientific-research and construction =
- design iustitutes have been presented. Short outline of

the organization of the Polish mining industry and its
subordinated enterprises allowed to present the coinplex
management system of this industry. This paper refers to

the information included in the above mentioned paper.



2. The role and place of mining industry in Poland

agalnst a background of economlc situation.

The last decade has been for the Polish mining industry
a period of systematic, great increment in production

/see table 1/.

Table 1. Development of hard
coal output in Poland.

Year output increment “a
/thousand /thousand Mg/
Mg/

1970 140,101
5390 3,8

1971 145,491
54206 3,6

1972 150,697
5.933 3,9

1973 156,630
54372 3,4

1974 162,002
9.623 5,9

1975 171,625
7.678 4,5

1976 179,303
6.809 3,8

1977 186,112
6.510 3,5

1978 192,622
8.382 h,h

1979 201,004
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The increment in production has been achieved mainly by

modernization and councentration of the production,

The amount of active mines has decreased from 77 to 66

during the last ten years,

The average output of one mine has increased from 5850
to 9612 tons/day, average output from one mining level -
- 2346 to 3743 tonsg/day, and from one loading point - 643

to 1144 tousMday in this period.

Mechanization of longwall faces and particularly the use of
mechanized support, apart from systematic modernization
and development of basic techmological links in wines
/building new levels, shafts, coal preparation plants etc./

have great influence oun such considerable output increment.

The length of face front equipped with mechanized support
was 2,926 m at the end of 1970 and 56,808 m at the end

of 1979.
Cutput share from this front has increased from 3.0 to 61.1 %.

Those few indices show in short terms the trends of activities
connected with such a big output increments. It is necessary
to ascertain explicitly fhat those output increments, did not
result from unlimited development possibilities of mining
industry, but they were rather constantly extorted by
systematic growth in demand of national econowy, In such

a situation some difficulties and negative facts were
inevitable because the requests for quantitive growth of

production has cowme to the fore,
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One of such negative facts was engaging the staff during
the legal free working days. The so called 4 shift working
system has been gradually introduced while searciiing the
methods of restricting the working time for the mining
staff unharming the volume of production,

This system ensured the workers regularly two free day
after six working days. Due to this, the mines equipped
with more and more expensive fittings could work in

a continuous mode /24 hours/. Disadvantage of this system.
was that the free days i.e.

Saturdays and Sundays fell, for particular workers, in the
interval of about 6 weeks., This system has not been accepted
by the staff and now it is withdrawn from coal mines
‘although the real limited number of working days that is
from‘about 305 to 243 days in a year was obligatory for
those working in the 4-shift system.

Another undersirable fact was a gradual changing to the
worse of efficiency exploitation index of wmachines and
devices. It was caused by ionsufficient time needed for
everyday maintenaance and repair service as well as lack

of free days without output, so it was impossible to keep
the machines and devices on a desirable techunical level.
This fact was a motive to form a considerably big reserve
front, and its equipping with expensivé mcechanized supports
caused the reduction of the fixed assets productivity.

The mines which have been forced to accomplish big production
increments éxerted strong pressure on delivery of new

underground machines and devices,
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Short and long-run needs of the mining industry

directed to the mining scientific - research

and development base,

Pmergencies of the hour caused the necessity of dividing
the scientific-research problems into two groups, The first
group includes those problems of which development is
expected almost on the spot in order to straighten up the
irregularity that arose in the past period and also for

satisfying the actual needs.

The second group includes problems connected with ensuring
correct development of the wmining industry in a continuous
and harmounious way for a longer period forming at the same

time the basis of its safe and econowmic work.

The first group deals with the technical and organizational
preparations within the mining industry for the changiug
conditions resulting from the introduction of free Saturdays
in 1981,

It is assumed that though there will be no coal production
oun all free Saturdays still the planned annual production
cannot be changed, Tuat is why all tho coal wines have to
be prepared for the new smooth course of work based on

a continuous work of the fundamental production links
during 5 days and on intemnsive repair works during two
nonproduction days.

Introduction of this system presents many problems that

cannot be widely discussed here,

The second group defimes the problewms counected with the
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long-term development of the wmining industry,.

Main stress is laid on a wide scale studies concerning
the recognition of the resources of coal seams and the
development of the mining regions,

The prospect of mining industry development which will be
periodically updated is indispeunsable,

It includes problems externally conditioned, as well as
the resources, technical and organization state of the
mining industry.

The mining industry is greatly interested in all the
actions tending towards the rationalization of coal and
energy consumption.

Although the solution of this problem is beyond the scope
of mining industry activity, it is treated as one of the
element which diminishes the pressure on the dowmestic
fuel-energy balance in the aspect of the demand,

Works on coal preparatioun whiclhh were conducted on a vast
scale many years ago are a very important field of study

that needs a long-term activity.

A Iiigli tecunoliogical standard of oxploitatiou llas been
reached using the method of caving in mining the seams

of 0,8 to 4,0 m thickness and dipping up to 350, and using
the filling methods in mining the seams of thickness up

to 3,6 u.

75% of coal is mined from faces using these methods,

It is foreseen to continue the works on further improvoment
of exploitation indices concerning the mechanized supports

and heading machines as well as on mechanized equipment
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for low and edge seam and for efficient exploitation
of thick seams using the method of bench mining - both

with caving and with hydraulic filled stopes.

The technologies and mechanical equipwment for driving
the development headings is regarded as an indispensable
element of efficient development of exploitation fronts
which are characterized by a great progress. It concerns
particularly the headings driven in cohesive rock for
which coanstruction and implementation of specially made
heading machines together with efficient equipment for

auxiliary works in gate ends are necessary.

Intensive progress in coal output caused that less pressure
has been laid on the problem of coal materials and men
haulage, All the problems connected with modernization

and improvement of main haulage and many elements of
vertical haulage require ilntensive works of research,

construction - design and mining machinery institutes,

The research and implementation of technology and coal
preparation devices as well as iucreasing the production
capacity of those devices and automation of preparation
processes requires further intensification,

Great production capacity of coal mines require adjusting
the mine stations by means‘of implementing the methods

of prompt coal wagon loading.

All the basic natural hazards occuring in the Polish

coal mines are the subject of constant studies,
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Potential hazard of rock burst, methan and unexpected
rock and gas outburst increase systematically due to the

transition of exploitation into a greater depth.

The fire and dust hazard are inseparable phenomenon

accompanying our mining exploitation.

High temperature and climate conditions underground will
become a problem of great concern.

The activity of the whole research base will be directed
on a coumplex suppression of the mentioned hazards which
are grounded on:

- the identification of their nature and reasons
of origiunation,

- carrying out the mining activity in such a way
as to delimit to a minimum the formation of hazard
conditions,

- application of such a control and protection system
which would record the growth of hazard and give
signals in an.appriopriate time,

- applicatiou of sucii prevewiiou mecans walcli would
allow to avoid dangerous counsequences even in case

of sudden hazard syuwptoms,

The above mentioned information does not include all
the problems that are going to be the subject of research
and development works, It is only a cursofy survey of

a part councerning these problems,
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4, Science projects /programs/ for the needs of the

mining industry and organization of their realization.

It is very important to keep up proper proportions between
the basic and utilitarian studies in order to give the
possibility of using the results in the mining industry.
Complex programs are worked out for many problems in the
aspect of many years’ time horizon treating particular
targets in full realization cycle that is starting from
the basic investigations /if necessary/ - up to full

implementation in the industry.

The coordination plan of each research program includes
the period of 5 years, and beside the subject matter of
the works, it controls the principles of cooperation with
all research industrial enterprisesvconcerned, as well as,

the foreseen costs of the studies and the expected results,

The ministry makes a general agreement, for the 5 years
period, with an appointed co-ordinator for each co~ordina-

tion plan. Financial means for the work realizatioun are

assigned in one year instalment. It is indispensable because

the plans are not treated inflexibly, and justified changes
are permissible.
The payment is covered after the termination of particular

targets that can be implemented in practice,

The financial means for scientific - research program
realization come in 1/3 from the national budget and 2/3

are created by margins in costs of basic production,



-17-

The Ministry is a disposer of these means.

The elements of fixed assets being the result of the
research work are either sold to the users at the agreed
upon price,or are given gratuitously.

Research works fund covers all the justified risk of
unsuccessful solutions or such solutiouns which for

various reasons have not been applied,
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DIVISION OF HARD COAL MINES INTO
HOMOGENEOUS GROUPS BY MEANS OF
TAXONOMY METHODS

J6zef Bendkowski
Jan Stachowicz

Introduction

Specific features of mining production denote that the

production processes are integrally connected with the

problems of utilization, first working and panelling of

a deposit. Great deal of design - planning activity

concerning the preparation of production and modernization

is carried out by coal wmines.

It is necessary to create the base for the following:

- standardization of performance in the design and planning
works and,

- assistance for coal mine services in the above mentioned

scope by specialized scientific-research institutes,

These needs caused that the works on defining the similarity
and differentiation degree of coal mines according to their

numerous differentiated features have been carried out,
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Grouping the mines in accordance with their similarity
features or differences creates a basis for detailed works
in the following scope:

= planning and designing the technical progress,

~ improving the management organization,

in homogeneous wmine groups,

In the wmining literature the regression and correlation
calculus is most frequently used for all types of analysis
presenting the reclations in the form of equations /models/.
Tests of classifying the mines on the basis of criteria
coucerning the deposit exploitation difficulties as well as
technological and organizational criteria dopending on the
mining - geological conditions have been carried out.

There is a lack of research methods whichh would explain the
problem of technological and organizational developuient of
particular coal mines having regard to the existing achicvements

closely connected with natural conditions and mine structures,

2. The method of multi - dimensional random variables

A coal mine being a production plant may be characterized by

finite number of features /indices/. The value of particular

features creates the initial information wmatrix,

The below multi-dimensional random variable method for

a typological mines division based upon the assumend initial

information enables to draw the following c¢oncIfTiSions in the

range of:

~ division of coal mines into subgroups withiin which the
statistic inference is more justified than in relation to
the whole group,

- definition of relative differences between coal mines,
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It has been assumed that N projects /e.g. coal mines/ will
be under the observation. Each of these "N" projects is
characterized by '"m" features /indices/. In the presented

mathematical model each project has been assumed as a wmulti -

dimensional random variable,
XJ (Xij_l XJ'l} YJ'TJ/_ XJ'L” Ve X(/'m.)

where: j = 1,2,3, secee) N - represent succesive projects

of observation

*?Vu, ~ are the features describing the

in_,)(jllijf..“’

Features as initial information for the observed N projects

defined project.

create a matrix in the following form:

(XM, )(42} )(15/ YM) e X
X

Xu) Xaz, X2y, Xy, -

~

N

IFrom N scot of multi - dimensional random variable values
3 4y ¢ ‘e Xv )

it is possible to form L suclh groups. Therc would be no

significant differences within each of these groups,

it has been assumed at the beginning that each Xj random

variable constitutes a group with a size equal to 1,
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Thus L = N that is L group number is equal to N random

number at the beginning of the procedure.

For Xj random variable, m - dimensional, examined as m - random
dimeusional points in m - dimensiounal space all the possible
distance betweeun the groups of variables have been defined in

metric space in the following way:

e - Z_ (X Xedl

1L

hz

|

In further study Xji co-ordinates of Xj random point have
been assumed as standardized quantities.,
Among all distances the shortest has been chosen,

a .
min

and "p", "gq" group numbers have beeun defined for which dmin
occurs,

One group is formed from Xp and Xq groups and it receives

number 1, It is characterized by ar arithmetic mean,.

(4 Xpi + Xg<
X¢ = 7
values define the new variable

L (1) i )

which is conventionally called a "mean variable" which has

w )
Fi 8

been substituted in the place of a random variable having

lower X .
i

a /p,q/ iundex.
The second variable is noted in the data table so that it
would not take part in the calculations.,

The whole group number is actually diminished by 1 and

equals to L = N - 1,
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The whole procedure is repeated from the beginning that is,

the dkl distance between the groups is calculated; dmin is
found,as well as the group indices between which the distance

is the shortest, then these two groups are joined into a omne.

The whole group number is again diminished by 1,

Such a procedure is repeated till the moment when by mcans of
all joints of variables only One group is received or so long
when the used test will not cause a break in the grouping

process.,

During the grouping process three different cases can occur:
1° a new group is created from the elements which till
now have not been grouped, Then the procedure is the
same as in the first step and the group gets the
successive number and a new mean variable is formed.,
This wvariablce is substituted in the place of a variable
having a lower index., The second variable with a higher

index is eliminated from the data table,

2” One of the elements of new Gj group is a variable
created by the nreviois grouning process, The new
group keeps the previous number., The X Gj mean variable
which components are formed as mean components of all

variables belonging to this group is calculated:

y — ' &G/
Xrayi = S Xl where Xicd i
(af)t = AT A
j) Na L
- size of random variables belonging to this Gj

where: NGj

groupe.
The received X Gj mean variable is substituted in the

place of X . /P,q/ with a lower index. The sccond

X max /p,q/ variable is eliminated frowm the data table.
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30 The new group is formed by means of joining the two
carlier created groups. In such a case it retaiuns the
lower number and the numeration of all the other
groups is changed so that the sequence of numbers
would be retained. This new group is characterized, as
previously, by a mean variable which compounents are
a mean value of components of all variables forming

this group. For variables of a new created group the

distance from the centre of the group is calculated i.e,
— , 1
r — NS . Z
¢=
where: k - adopts numbers of random variables belonging

to the disscussed group.

On each step of the grouping process the intergroup variance
/\JL
of qu distance is calculated

Naj [ Xy =X
glu? [- i. le ] d) }

where:
)‘(:XL)Q]Z/.XS) XW)
4 N
X — X}'t'
N ﬁ
i .o 12
. LN ‘ "L‘Xc‘}
| Xeaj) =X 7 L RN
<1
thus: L _ /Z
z .4 N o . L _'><L
6\““? = T_—“-Z Z;— NQ{} ; X(cv/'}
j:
Intragroup variance of d:f,dlstance has the form of
*J—e-! v
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that is > Ué} M

Z
e ——— . N
2 4 o= X~ .L)
bus = ———B Z > (/XJ'“ ")
iTNL i e 4
41 k=1 1=1
The calculated values of intragroup and intergroup variances

allow for testing a hypothesis of equality centres of the
created groups, i.e.:

1/ zero hypothesis Ho

z

Z = )

2/ alternative hypothesis
2. A
S}UT 7 6\w¥
Calculating the value of the variable

S
F’ ;%?

one can cowpare it with EL quantity according to Fisher -
Snedecora tables on X significance level by

S1 = L - 1 and 82 =N - L

degree of freedom,

In case of F~S F, it can be stated that there are no reasous
for rejecting the Ho hypothesis which assumes that the
co=ordinates of tlie zroup centres do not differ frow cacl
other in a statistical significant way. It indicates the
homogeneity of a set which has been formed from these groups.
If '> F,, thean the accepted hypothesis should be rejected

because the ilntergroup deviations are beyoud the limit,

assigned by the oread, but within of the tested wmaterial.

Preparation of the statistical material

In order to unify the influence of choosing the measurement

units of particular features the standardization of those
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features has been carried out by means of the following

formula: -
% I VI
ik Sk
where: Xik - values of - coordinates for

variable
= 1,2, eee , N;

k: 1’2, ee e ’ m;

BB
1

Xk - mean value of k coordinate

Sk -~ standard deviation of k co-ordinate

The selected indices /features/ should, in the best way,
characterize the essential coal wine potentialities with
regard to the studied problem,
In calculations described here the following initial
quantities have been defined,
They characterize the following elements in the hard coal
wmine -

- engineering - teclhinological subsystem,

- social subsystem,

- organization subsystem.
Thie data have becn collectnd or calaulated for all deen hard
coal mines /65 mines/.

These quantities have been described by means of independant

features as follows:

A, Engineering - technological subsystem

= output
- share of output from longwall faces with wmechanized
support in the following:
- total output

= output from faces
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- inwestment outlays
- gross value of fixed assets
- mean scam dipping
- mean height of stoping face
- mean depth of exploitation
- mean length of working front
- total
- daily
- mean daily advance from:
- longwall with caving
- longwall with filling
- web
- mean temperature in stoping faces
- intensification of development works
- mean daily entry advances of:
- rock heading
- rock-coal heading
- coal heading
- water inflow to a coal wine

- shifts

Social subsystem

- general productivity

- mean wages

- employment in industrial group
- workers
- production engineers
~clerical employees

- employment in non-industrial group

- absenteism of workers in the industrial

group
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~ time of working at the face

-~ the number of employed people who improve their

professional qualificatiouns in total,

post graduate course

university studies

secoudary school

elementary technical schods

others

- emwployment of engineers

- working underground

- working on the surface

- employment of technicians

- working underground

- working on the surface

the number of people employed in a mine who act as

teachers of profession

- fluctuation index

too

too

few

bad

few

few

reasons of fluctuation /discharges from a coal mine/

dangerous work

strenuous work

chances of getting a flat

work organization in the sections
perspectives of getting a promotion

possibilities of acquiring or improving

professional qualifications

low

wages

frequent overtime work

work on Sundays and holidays

work incompatible with the qualificatious
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- impossibility of passing to another section or
different type of work

- bad treatment by fellow - workers

~ bad treatment by the viewers

- other reasous

- the index of managerial staff training.

C. Organization subsystem

the degree of working by the piece,

- grading

-~ management range

- accumulation of management apparatus

- usage of the qualifications of the engineering staffl
- standarization of the operational information links
- function universalization

- extraformal patterns of organization activities

- formalization of description of line executive role
- relative gquantity of supporting elements

- extensiveness of structﬁre activity

- sporadicity of program - controlling procedure

-~ &ha scone of »Hrocran - —enort nrocaduroes

- the scope of role specialization

- deconcentration of cowmpetence centralized horizontally

- non-formalized rythm of executive procedure,

L4, Discusion of results of calculatious

65 coal mine divisions have been obtained for successive
degree of freedom from 1 to 65. In the final specifications
of calculated results for each division the following

information has been given:
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- values of intergroup distance variance
- values of intragroup distance variance
- F value /according to pattern 10/,
F values have been compared with F 4 /taken from the tables
- Fisher - Snedecora distribution/ on /, =0,05 significanco
level taking into account the degree of freedom
S1 =L -1
82=N-L
in order to check the significance of received divisiouns.
The given algorithm enables the observation of the elements
and subsets displacement and joining into homogeneous typologi-
cal groups. Intorvals differentiated in subset homogeneity i.e.
division 1 representing typological groups which are more
homogeneous then division 2 etc. have been distinguished for
each analysis basing on statistical test.
The significant measurement of typological division of hard
coal mines set is a value of the F variable ratio to F*J
quantity. The optimum division has been gained by satisiying

the following condition

—— - e
a2 (e

Y -

-

for defined S1

Assuming the production results for 1979 i,e. the wean coal

L - 1 and 82 = N - L degree of freedom.

output per one working day, the following division of mines

can be done:

output up to 6000 t/day - 11 mines

output from 6000 - to 10000 t/day - 27 mines

output from 1C000 - 15000 t/day - 19 mines

output above 15000 t/day - & mines
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Basing on the carried out studies of which somec results are

presented in the above tables the following can be stated:

there is a strong differentiation of coal mines not
only as an economic system as a whole, but also within
their components of subsystems and coal mine size,
Traditionally it has been assumed that the size of
a coal mine has been measured on the basis of output
volume as initial variable differentiating the approach
to the designing and planning processes,
The results of these studies negate this thesis because
many different factors influence these differentiation.
There was an attempt to calculate the importance of
these factors according to the following mathematic
procedures:

-~ factor analysis,

- maiﬁ Hotteling components,
It lays under necessity of finding another solution
concerning the designing, organization and management

problems based on the system and contigency approach.

Lil2 SUUUAES Ol il WOELGE Ul Ued 4 va'lUtiu s vandin Ui
particular subsystems i,e. engineering - technological,
social, organization of individual coal mines indicate
far greater differentiation than mine differentiation
being a system consisting of the above mentioned

elements,
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Final conclusions

Defining the strategy of a coal mine development i.e. the
selection of succesive mutation of exploitation technology,
production organization, management system development
/including the definition of forecasts in the scope of work
efficiency, developing the methods of forming the required
organization climate/ requires a differentiated approach

in relation to different mines, or at least to differentiated
classes -~ coal mine groups,

In our opinion the initial step in the planning and design
works would be the definition of mine homogeneous group
according to their numerous features.

Selection of features describing the mines Should be
subordinated to the requirements of the system approach.

It is necessary to distinguish 3 classes of features describing
engineering-technological subsystem /including also mining -
geological conditions of a deposit/, organization andisocial
subsystem.

The presented here method meets the above mentioned
DPOGUALTGUIGILLS LeGe Lo didCiudus A0 JS8acuUres 04 Cuagribeodliilg-
technological mine system, 16 features of organization system
and 22 features of social system.

However, the used mathematical statistic methods allow for
an objective, counsistent with the assumed degree of accuracy
division of mines into homogeneous classes,

The next step of this work, in the aspect of plannirng and

design is the definition of prognosis, plans etc. for different
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complexion of mine’s activity and for successive homogeneous
classes,

At present, for example, we conduct works on the development
of prognosis in.the field of efficiency, evaluation of
organization level and development of strategy in the scope
of improving the organization and management in selected mine
classes,

These works, as well as, the presented method carry into
effect the first and the second stage of studies submitted
by the Polish party as their contribution to IIASA’s works

within the "Coal Issues for the 80-s" project. /1/

1/J.Eddington, JeStachowicz, R.Tomlinson., Report of the
Inaugural Meeting for an IIASA Collaborative Industry

Studv, ITASA, Yeorluing Paper. 7¢0=LbL, June 1079.
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APPLICATION OF HEURISTIC METHODS IN
INNOVATION PROCESS OF TECHNOLOGY AND
ORGANIZATION OF LONGWALL MINING

Dr. Gerard Fabian
Dr, Jan Stachowicz
Cr. J6zef Bendkowski

I, Introduction

The necessity for steady increase of hard coal output in the
period of next 20 to 30 years puts before Polish mining industry
and its managing and technical staff difficult tasks both actual
and future with medium and long time horizon.

It results from the essence of the coal mining technology that
parallelly witn the improvement of current production should be
specified the conceptions of the future,

The necessity for working out a forecast of wmining development
results also from the need for preparation of appropriate level of
technique, organization and economics basing on expected possibi~
lities of obtaining solutions in the range of fundamental research,

The lMain Bureau of Study and iining Designs made in the period
of 1967 + 1968 a thorough study of two time horizons for the level

of technical solutions in the future hard coal mine, namely:
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1. "mine of the future" designed and realized in the period of
1970 + 1985,

2. "mine of the year 2000" designed and realized in the period of
1985 + 2000.

The authors of these conceptions assumed two time horizons: 1985

and 2000.

In the first time interval they forecast designing and reali-
zation of so called mine of the future. The prospects of mines de-
velopment in that period were as follows:

- maximum concentration of mining work,

- intensification of extraction by great progress of faces,

- suitably great progress of development work,

- use of loading points with capacity of 5000 to 8000 tons/day,
thoroughly mechanized and automated,

- full mechanization of all processes in mine taking advantage of
different mechanized machine complexes of new design,

- use of remote and automatic control of machines and installations.

- introduction of conveyor transport underground (from face to
shaft) or of neavy rolling stock between loading points and
shaft.

The solution of the above problems was to be enabled i.a., by
introduction of;

- high-speed driving roadways by means of newly designed comple-
xes,

- general use of machines and installations for great-diameter
drillings,

- special methods of supporting narrow workings,

- complex automation and mechnanization of getting processes,

- introduction of mining by new complexes with controlled capacity,
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- improvement of stowing material,
~ getting coal for full flow.
For the model of the "mine of the year 200C" a development was
assumed distinguishing two principal mine conceptions;
1. working in order to win electric energy,
2. working for the purposes of chemical coal processing.
It has been assumed that the deposit would be mined without

extraction of the gotten onto the surface,

From the developed deposit will be obtained e.g. the electric
energy by application of new technologies without old mining me-
thod.

In the mine where deposits will undergo chemical processing,
it was foreseen that extraction methods will be used consisting
in washing out or diluting the deposit or in its gasification. The
mine will constitute a homogenous mining-energetic or mining-ener-
getic-chemical industrial group.

Perspective models of mines are also presented by L. Pluta,
rReferring to the hard coal mines he presents the development of
mines begimming from production groups built up of integration of
mining areas of operating mines and ending with industrial fuel
and gas producting groups. He gives rinal tecanical inaices depen-
ding on the degree of mechanization and automation. With complex

automation following configuration of them is foreseen:

output from a face, Ng/day - 2500

output from a section, iig/day -  4000+6000

mine production, lg/day - 2500d

kind of organization at face - permanent operation
kind of organization oI mine - changes on stands of

control supervision
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The author describes the conceptions of underground fuel pro-
ducing and energetic industrial group whose general assumption is
the location of energetic plant at the working level in the place
of actual shaft bottom, A further step is the model of mines con-
ceived for the needs of fuel producing and energetic industrial
group over and underground in which power plants are integrated
with installations for coal gasification under pressure,

The author postulates the development of exploitation of me-
vhane deposits by openings method as getting anead mining of hard
coal deposits.

The authors of the presented conceptions did not draft, how-
ever, the characteristic development phases of extraction techno-
logy from the actually used to the perspective ones which makes
a gap in the forecast of development of technology and organiza-

tion of longwall mining.,

ITI. Justification of research work in the range of development of

mining technology

In the hard coal mining industry problem determining the im—

A . - . . - L~ . -
B R P TS P T R R o - - PR <=0

available material means.

The outlays for equipment of longwall complexes grow rapidly
which is dictated by the necessity of securing indispensable in-
crease of productivity with keeping safe conditions during ex-
traction, particularly of thick and deeply lying seams.

In the period of last decade the bulk of outlays for equip-
ment of longwall face increases rapidly to reach a value exceeding

as much as 300 mln 2% at faces equipped with imported shield sup-

3

ports.
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Characteristic phenomenon in the structure of outlays is the
decreasing share of value of the getting and loading machine. The
structure of outlays born for equipment of a longwall 180 m long

depending on type of supports is as follows:

with Valent supports - 7,873,000 zx including value
: of cutter-loader for 33.1 %

with SHC supports - respective values are
11,207,00C z£ and 26.29 %

with PIOMA 25/45 supports - 98,016,000 z% and 3.49 %

The actually used technologies do not take full advantage oI
potential possibilities of existing machines and installations as
well as of available working front.

The investigations carried out into prognostic tendencies of
technical progress in the hard coal mining and the recognition of
needs for appropriate innovations extended by keen studies indicate
the advisability of development of research work in order to work
out new efficient and reliable methods of mining coal seams,

Particular attention in this way, in the horizon of the next
10 to 20 years, should be paid to practical and organizational
mastering of the technology of longwall mining by continuous method
whnose initial development stages are multiple cutter-lozder minins
teams,

Therefore following thesis has been formulated;

THERE 1S PRACTICAL POSSIBILITY FOR INCREASING OUTPUT PER UNIT

OF SURFACE OF PRODUCING FRONT THROUGH APPROPRIATE CONMBINATIQONS OF

KNOWN AND ACTUALLY DESIGNED ZQUIPMENT,

For realization of this thesis following purposes have been

assumed:

1. Determination of the set of prognostic solutions of technology

of multiple cutter-loader mining oI longwalls,
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2. For selected prognostic classes of mining technologies asses-

sment and rationalization of techno-organizational parameters of
these solutions together with analysis of their reliability and
efficiency.

3. Formulation of tendencies in development of technology and orga-
nization of longwall mining with statement of practical postu-
lates and proposals for designers and constructors of mining
machines,

III. Prognostic solution of multiple cutter-loader wmining methods

The objective of the work was being achieved in successive
considerations and particular testings including i.a.:

- prognostic investigations,

- morphological analysis,

- successive verifications of generated solutionms,

- initial practical assessment of solutions recognized as satis-
factory and rationalization of techno-organizational parame-
ters of these solutions,

The working method is shown on Fig. 1.

In prognostic and innovation investigations heuristic methods
were used, particuiariy Ior elaporatiion OI new soiautions, (ne oI
meny heuristic methods is the morphological analysis used in order
to find new solutions of problems which had already before certain
solutions recognized, however, as unsatisfactory.

when formulating morphological table tne fundamental distin-
guished processes nave been divided into phases - operations de-
fined by the subset of technical means,

The distinguished processes and their constituent phases have

been summarized in Table 1.
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Prognostic investigaticns
of tendencies of technical
progress in hard ccal min-

Postulated trend of innovatory
processes in the scope of min-
ing technoloegy

ing and recognition of
needs for sultsble innova-
ticns

METHODS

HEURISTIC

MORPHOLOGICAL ANALYSIS

Separation of essential fun-
damentzl preccesses of the
tested system and distinguish-
ing them from the environment J

Distinguished processes cf the
tested system -
coal locsening -

Transpartation of

gotten

K]

Division of processes into

Preparation of the process

component phases

Seam development | Loading of gotten

Definition of each phase by
known technical means

Roadway Double~drum-cutter-loader

Realization

Coal getting [Iransport at the face

Double-drum- Scraper-conveyor
-cutter-loader

Protection of process realization

lw Face supports'| Conveyance of gotten

Powered supports:l Conveyor flight

Matrix of parameters and parametric
states forming the space of solu-
tions

_Y
Definition of static and dyna-
mic structure of the adopted
technical means n
Determinaticn of parameters and
parametiic states describing
processes of coal loosening and
its transportation in longwall

fac;

ria of solutions
Reduction of parametric states

hi

formulation oI assessment Ccrite-gnhecuced mairiX oI parameters and
ﬂparametric states

¥

1
Forming separate morphclogical
tables for faces with one, two
and three tail gates

JSet of technically possible solu-

tions of multiple-cutter-loader
mining systems

]

i ]

Verification of solutions accor4
ding the: criterion of max. ef-

Set of economically justified mul-

1tiple-cutter—loader mining systems

ficiency and reliability

[}

¥

Rationalization of techno~orga-)

nizational parameters of the y
cev of solutions

Procedures and diagrams of selection

of techno-organizational parameters

of miltiple~cutter~loader mining
systems

Figure 1. Working Method
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Distinguished processes and their constituent phases

Table 1
Distinguished : M
process Phase Technical means
Loosening Development Roadway
Getting Drum-cutter-loaden
Kind of supports Powered supports
Transport Loading Drum~-cutter-loaden
Transport at the face Scraper conveyor
Transport outside the face Scraper conveyor 4+
belt conveyor
flight

By determining static and dynamic structure of adopted tech-
nical means 24 parameters have been defined, characterizing the
processes of loosening and transportation of the gotten. Each
parameter is then described by independent irreducible states.
The set of parametric states represents in the adopted limits the
whole of means necessary for attainment of prescribed characte—
ristics of solution.

The space of solutions is built by the matrix of parameters

and parametric states.

] B T RSP - AT et e R L S | P

e e B e I IRt )

whichever state from each line.

The number of solutions obtained in this step exceeds the pos-
sibilities of assessment and that is why with allowance for the
adopted criteria of productivity and reliability the number of
parametric states has been reduced.

Deduction of contradictory combinations reduces the number of
solutions, but that is still a number which renders difficult

finding of innovatory solutions.
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To obtain distinct classification of solutions three succes-
sive morphological tables have been set up, separately for faces
with one, two and three tail gates, Fig. 2.

The obtained set of technically possible solutions including:
- 10 variants of mining with one tail gate,

- 57 variants with two tail gates and

- 18 variants with three tail gates

have been verified allowance being made for criteria of maximum
efficiency and reliability, which gave 24 solutions of multiple
cutter-loader mining methods recognized as satisfactory in the
aspect of the assumed thesis,

Representative examples of these solﬁtions are shown in Fig. 3.

The solutions recognized as satisfactory include faces limited
by extreme tail gates in which getting is effected by cutter-loa-
ders working on at least two independent face conveyors.

It is assumed that cutter-loader or cutter-loaders working on
one conveyor make together with this conveyor a mining team,

The minimum length of the mining team is determined by the
minimum length of stall while the maximum length of the former by
the maximum length oI conveyor.

In order to obtain actual data cnaracteristic for the mining
process testings have been carried out in the fowstahcbdbw Slaskich
mine in the longwall with caving 161 m long and 3.5 m high equip-
ped with powered supports, K#B 3RDS cutter-loader and Rybnik 73
conveyor.

In spite of relatively advantageous production results oscil-
lating about 3000 Mg/day only 45 % of available time were utilized
for coal getting and 27 % for lcading in return (manoeuvring) mo-

tion.
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DIAGRAM | DIAGRAM OF CONMNECTIONS] LENGTH PRODU=- |NUMBER |NUMBER|NMUMBER | NymBER
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The motion parameters of cutter—-loader are as follows:

getting velocity V. = 1.919 m/min

u
loading velocity V= 3.269 m/min
\4
— = 0.587
Vi

medium productivity of cutter-loader = 2.842 Mg/min.

For assessment of prognostic technologies the conception of
productivity index has been introduced which is defined as gquotient
of potential - theoretically possible - output in web cycle and
production capacity of one cutter-loader with characteristics

identic as characteristics of cutter-loaders used in longwall

Q
_ “sc
Wt___._

ch

The productivity indices lettered for one-, two— and three-cutter-
-loader teams respectively as WtI’ thI’ WtIII have been analyti-
cally defined for mining teams working in longwalls higher than
the diameter of getting organs, i.e. for longwalls of medium for
Polish mining heights of getting. In such conditions jibd double-
-drum cutter-loaders are used, Analysed have been *teanms:

- with one cutter-loader as variant BI

- with two cutter-loaders as variant BII,

- with three cutter-loaders as variant BIII.

The characteristic feature of the analysed mining methods is es-
sentially unidirectional getting and loading of the remaining got-
ten on the way back (manoceuvring motion).

The index Wy, for individual variants is a function of length
of mining team and of relation V,/V  the increzents of value of

this index decrezsing wita increase oI the team length. Forming of
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productivity indices Wy, depending on the length of team calculated

for values Vu/V =1, yz, y3, V4 have been presented on Fig. 4.

m

From analysis of variation of the index Wy a conclusion was
drawn that rational - with regard to the productivity criterion -
is the length of the n-cutter-loader team if it equals the minimum
length of the n+1 - cutter-loader team,

In the present paper by reliability of element is meant the
probability of performing by the element under pre-determined con-
ditions, in pre-determined period, the regquired objective function,
For working conditions of face technological systems it is defined
as ratio of the working time of the element to the sum of times
of work and standstills forced by unserviceability of this element
in pre-determined time interwval.

In technological systems used so far principal elements make
up series connections:

cutter-loader - longwall conveyor - outside-face conveyance
the Rg index varying from 0.60 to 0.75. So, the arrangement of
elements of which every one is characterized by relatively high
reliability makes a whole of low readiness index,

TS

By much higher reliability are characterized arranzements wiih
parallel connection of elements,

The reliability index of arrangement can be reckoned on the
basis of determined tests of anticipated readiness indices of in-
dividual elements.

This is, however, a not too precise procedure for prognostic
solutions considering structural changes, progressing improvement
of workmanship and other factors affecting the reliability level,

In this situation the assumption has been adopted that with in-

crease of number of elements of the system - cutter-loaders, face
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conveyors and conveyance flights - with mixt connections but pre-
vailing parallel ones the reliability of the systems increases,

The statement of characteristic parameters and connections of
selected solutions is presented on FPig. 3.

The set of solutions in the system productivity index - number
of elements has been shown on Fig. 5.

The considerations pertaining to the meters of assessment of
efficiency of longwall work differ from those used so far in this
range in the fact that they take into account the reliability of
technologieal system and the productivity measured by degree of
utilization of cutter-loader possibilities.

Moreover, particular solutions are characterized by:

- number of mining teams,

- length ofamining team,

- number of cutter-loaders,

- number of conveyance flights,

- way of connection (co-operation) of individual elements of tech-
nological system,

In the final stage procedures and diagrams have been worked
out of selection of techno-organizational parameters of seams ex-
CauU LAl 1l 104L4i0willy LeCl31lOn Taulils S1lTualTilod Lfegulllilg,

1. determination of technological system assuring maxXimum produc-
tion - Fig. 6.

2. selection of system assuring the most advantageous techno-orga-
nizational indices in the limited panel - Fig. 7.

3. selection of system assuring the attainment of required produc-
tion level - Fig. 8.

In economic analysis extraction costs have been compared of a
panel with dimensions 130 x 1200 x 3.2 m if mined by conventional

metnod witn Tface equipment with powered sectional supporis type
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FAZOS, EKwB 3 RDS cutter-loader, Rybnik 73 conveyor and mined by
technological system according to varient III.13. Application on
this front of four one-cutter-loader teams assures;

- about triple increase of production,

- reduction of mining costs by 10 mln z% i.e. by 11,85 zx on

each ton won from this panel,

- increase of mining progress from 4.4. to 14,1 wm/day,

- shortening of the mining period from 273 to 85 days.

In faces with shield supports the benefits grow in consequence
of limitation of high amortization costs charging the production,

The carried out calculations give the practical confirmation
of advisability of utilizing the set of variants. In order to ob-
tain appropriate compactness and clarity of elaboration simplifi-
cations have been introduced in analytical stage and in synthesis
resolving themselves into cases of using exclusively mining teams
of equal number of cutter-loaders and also into consideration of
cases of mining with caving along the line of seam strike,

In design situations under determined geological, wmining and
technical ccnditions other mining systems may be used - combina-
tions of mining teams of different productivity levels assurinz
tne highest level of output and reliability.

In case of using three tail gates = in spite of evident bene-
fits indicated in the economic gnalysis - justified to all appear-
ance can be the resistance against building very long parallel
flights of conveyors for outside-face haulage. In such situation
the reduction of haulage costs can be attained through concentra-
tion of the stream of gotten on one of flights.

Exanmples of solutions for two and three conveyance lines have

been shown on Fig. 9.
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FINAL CONCLUSIONS

1.

2.

The actual technologies of mining hard coal seams do not assure
optimum utilization of factors participating in the production
process: not utilized remain the production possibilities of
supports and of developed mining front. The indicated faultiness

deepens with increase of height of face,

Using the morphological method a set of prognostic solutions

has been attained which assures the increase of degree of con-
tinuity of mining coal from longwall, It has been ascertained
that suitable connections of known elements of technological
System - roadways, cutter-loaders, face and outside-face con-
veyors - rendered possible manifcld increase of productivity znad

reliability of the work at face.

The highest efficiency and reliability of the work at face is
attained in the case of using four n-cutter-loader mining teams
and correspondingly high number of conveyance flights. In tne
case of using tne actually existing installations the most ad-

vantageous 1s use of four one- or two-cutter-loader teams and
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velopment work - two extreme tail gates and one central tail
gate. The existing installations and machines connected in tech-
nological systems according to prognostic variants enable the
obtention of an output of 5000 to 10000 tons/day from a produc-
tion face of a length not exceeding 200 m. The examples indicated
the high efficiency of proposed solutions. A limitation for the

number of cutter-loaders is the capacity of conveyors.
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The diagrams of selection of techno-organizational parameters
of technological systems developed for the method can be utili-
zed in practice when designing new mines and new horizons and
also they can be useful for need of planning production in mine,
The indicated possibilities of manifold increase of production
falling on unit of front length should contribute to more rapid
increments of output in mines being in the stage of construc-
tion., Similar effects may be attained also in panels with com

plicated tectonics, strongly inclined or of low width.

The utilization of solutions will make sure about bringing the
concentration indices nearer to the maximum values and in con-
sequence of their implementation a decided improvement will be
attained of economic indices of hard coal mines. The increase of
concentration degree will effect also simplification of spatial
structure of mine, Use of mining teams - in alternative series
connections - on a relatively short front makes up a model of
mine of very high elasticity and reliability. This is particu-
larly important for keeping the proper rythmical pace of produc-

tion.

The development of multiple cutter-loader mining methods requires
execution of a number of investigations for which the subject

has been given by way of example in the present paper,
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POLISH EXPERIENCE IN OPERATION
RESEARCH APPLICATION FOR PLANNING
OF MINES AND MINING REGIONS

Eugeniusz Ciszak
Andrzej Mazurek

1. Introduction

The use of computers has enabled to introduce methods of applied
mathematics and to utilize a great number of guantiiive
and qualitative information for designing purposes.

The computer analysis hus been used in the Polish wining
industry for several years.

All planning and designing problems in Poland reXlbed to
underground coal mining /excluding coal preparation plants/
are solved by the Chief lilnivg Studies and Design OLfice at

Katoivice being a national multi-brunch instituviou.

The implementation of computer techmiques in wine desibniub
began in 19714 by the use of various routine metlhods for
structural analyses of mine surface objects. Curreutly, upe-
-ration Research is used in all stages of the mining deuign

viorks, l.e. in

’ -
- programming the wining sector s development
~ feasipility studies and feasibility reports for develop-
ment of individual mines and wining regions

- detailed technical designs

- supervision of construction works on the building site.



-59-

The ranges of calculation programs are adjusted to the indi-
vidual stages of the plaunning and designing process and %o

the various elements of the investment project. In cozl mines,
there exists a direct correlation and feed-back between the
worlk results of individual production sections and the pro-
duoction processes. Therefore, from the viewpoint of systems
researoch, in the pursuit of the establishment of the wost
suitable structure and size of the system it may be a consi--
dered advisable.to ascume a mine us a singla biy syotow

which in its whole should be examined in all relevuanb aspectse.

This may be achieved by fthe implementation of cowmputer techi—~
‘niques but the pptimization analyses of bis systems, and

articularly of such complex systems like mines, are very
difficult to be performed; thus it has been suggested to
carry oulb disaggregated analyses of the separate sub-oystems
and to look for partial optima. However, the sum of fhe
partial optima usually is not equivalent to the global
optimum of the whole system.

A still greater number of problems arise if the developuent
of a new coal basin or a new coal region in planned.

To make a time ~ and - space connection between asswnptions
of development of the mining industry and the regilonal plon-—
ning, the following problems /inter alia/ are to be oconsi-
dered and solved: |

~ optimum utilization of the coal deposits and accompoiyin,;
minerals

- development of the regional infrastructure in terms of
service.centrés, welfare centres, transport and communicg-
tion networks, water-supply network and sewage disposal
system, energy sources and distribution, etc.

- development of the associated industries,'particularly

those that are traditionally connected with the region

- development of the education establishments for various le-
vels and faculties/ and creation of work-places for various
occupational groups

~ environmental protectione.
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The application of the information science in designing and
office works is a separate problem: in this conneotion, a.com-
puterized information retrieval system "INCALIDO" has been
developed and introduced. This system enables to gather in-~
formation data on selected study and design works carried out
in the regional planning and design offices situated in dif-~
ferent parts of the country.

A simple arrangement of desoriptors enables to obtain a quick
and seleoted information on a required problem or desigu.
Fige. 1 presents a graph showing the proocessing mode and in-
formation retrieval system. |

2. Programming the sector s development

A planning approach to the development of the wining sector
is included in the feasibility studies and reports prepared
for the IMinistry of liining. On the base of these studies
and reports, the long-—term plans are developed.

In this regard, programs are used where the profitability

of the scheme is the objeotive's criterion. The profitabilii-
ty 1s calculated by means of processsing of the input in-
formation for various multisvariant solutions. The most effi-
cient programs in this scope are:

Ontimization system of dewvelopment of th: coal mining: ialin-

—

sty

This system consits of two basic pérts. The first part in-
cludes multi-variant optimization of development of indi-
vidual coal mines which are analysed within the progrum,
the second part aims to optimize the complex developument
program for the coal mining sector.

On a given stage of deposit's exploitation, and talting in-
to account coal demand projections, the system-indicates
thae most advantageous variant /Lrom the point of wvinw of
the whole economio efificiency of the sector/ for the indi-~

vidual coal mines. In th2 variant, the increase or d=2cline
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of the coal output in each mine is taken into account,
together with the lcad times and ways. of the prOgram's im-
plementation. The general block diagram of the said pro-
gram is shown in Figure 2.

Programs for calculation ol natural deposit 5 parametersg

These programs enable to estimate the coal resources and
coal reserves in the coal deposits for optional depth
intervals and to determine the basic model of a coal wmine
and its horizons. The programs are destined to carry oul
the resource analyses in the prospective coal miniiyg
areas which have been explored exclusively umy means of
boreholes, as well as in the areas of exisling colliories,
includings protective pillars, bed outcrops, fault liuos,
degree of 5e0105i¢al exploration, etc. In the cosl rno-
sources and coal reserves classification, apart from the
optiona1 depth intervals and seam thiclnesses, ten other

at will seleocted deposit parame%ers /€eise ash and sulphur
'content, type of coal, the coal heatiné value/ are accoun-
ted fore. The progrums iwere used practically several tines,
and particularly for planning the new Lublin Coal Basin,
to selve guch problems as: division of the deposit into
coal mining areas, depth of mine horizons, location or
shafts, etc.

Programs for calculation of rock body and surface deformations

These~pr0grams enable thé projection of the deformation indi-
cator values for separate stages of mining exploitation,
adjustment of the exploitation effects to the resistance of
structures and control of mining panels arrangement in order
to minimize the negative effeots of exploitation upon the
surface.

e Teasibility reports for construction of coal mines

— S —— o - o e it P e D Gt o i e ¢

Computer methods applied in the elaboration of feaslvility
reports for purposes of collieries construction enable the
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execution of multi-variant techno-economio anglyses accomoda—- |
ted to the specific mining and geological conditions.
The most frequently used programs are the following ones:

Mathematical model of a single~horizon mine

This model enables a selection of most adVantageous design
schemes of the mine underground and surface on the basis of
economic criteria, according to the giveﬁinatural conditionse.
Consequently, a physical model of a mine the XXi(~universary
colliery in the Hybnik tlining District, has been determined

on the ground of optimization calculations, significant reduc-
tion of capital expenditure was achileved.

Program for the optimization 6f dimensions of a mining arey
£ P

This program was adapted to the conditions prevalling in the

Lublin Coal Basin. It enabled:

- the estimation of economic effects of mining area dimensions
and the selection of most favourable mining area siges

~ the comparison of effects of various mechanization and
automation levels for wining

- the comparlson of economic effects of the variable amount
of coal output from a longwall face and from the whole
mine

~ the comparison of the effectivenessy of various possibilities
of the opening-up and development of . coal deposits.

The model of the deposit development, determined as a result
of optimization calculations, has contributed to a siinificant
reduction of production cost per 1 ton 01 coal

Optimization system for the determination of the working
horizon structure in a coal mine

The system solves the following problems:

- the size of exploitation panels at a horizon

- selection of the most adequate variant of the deposit’s
development system at a given horizén

- determination of the optimal timinig of the panels prloitm*.
tion at analyzed horizons

~ for analyzed development systems, indication of paranetregs
which characterige the vworking horizons structure.
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Pige. 3 shows the simplified graph of the pf05ram operation.
As the optimization criterion, the minimum unit cost of coal
production in the mining panels has been assumed.

The unit production cost includes preparatory work, coal
exploitation and olosing - up of coal mining in separate por-
tions of the coal deposit. ’

The program makes it possible to reduce sipgnificantly the
exploitation cost at the plammed horizons.

4e.Detailed desipns

At the stage of detailed designs, calculation proprams are
used for construction works. Consequently, the design eusineer
obtains a number oi technical data which enuble a mors
reasonable usdéd materisl s, workings and plant equipment.

At this designing stage, calculation of capital expenditures
or production costs are not always included in the pro,rumss
Therzs some programs may be useful which are used at Hhe pre-
liminary designing stnge, e.gs the program for reserves
estimation and optimization of the mining area.

The most frequently used construction and technolo;ical
programs ares

Software package for the static and dynamio calculations

of surface and underground structures of collirries,

The set includes a rdozen or so of systems and calculation

programs, where particularly important are the following

oness

- dynzmic oaioulations of block Loundations wider i~y 0
cusive machines

= dynamic calculations of headiframes and shatft tovwers

- static and dynamic analysis of f£lat bar arrangements und,
stunpy fraumeworks

~ shatic anelycis of oconstruotion 'roof grates and grillo.o
Loundations . |

- static analysis of three - dimensional loyoutbs

- analysis of foundations and underground storeys of building

subject to undergrowmd exploibation effects.
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The above-gald systenc and caloculztion programs are haucd

on theorstical considerations which enable to design mining
structures including a number of interrelations and rfactoru
whicn-cannot be introduced withoud a computer. The said methods
have been implemented in the designing of many mining otrne-
tures, such as industrial buildings on colliery swfaces,
undergrowid lining; winding vessels /cages and skips/; npuar-

tment and socialsbuildings, and mining sncillary structures.

In paralled with the large geale implementation of the

above methods in the coal mining industry mény analy ses o1
caleculations have been carried out and which have been nbili--
zed for design works in other branches, such as stiel fadiste
ries/rn.g.the industrial structures for Kabowice Ubeel
Plant/, building engineering /houses and municipal builldings
in mining areas/, health establistment /iMedical Centre -
Ochojec/, the engineering industry /supporting structures

for boilers/, power industry /foundations under high-cajucity
turbine setsy/.

Pro;,rans for ventilation ceclculations

Theue programs include two problems:
analysis of the ventilation systems operation and of the atwmos)
heric conditions dn the underground.

The programs related to the first problem make it powssivle to
detemnine the parameters of fans operation in co—-operation |
with the ventilation network, and to analyze the aijir distri-
bution scheme at normal operation conditions and in voriows
emergency situations. .

The analysis of atmospheric counditions includes the comprehen-—
sive calculations of air temperéture in the whole air netuork
/or in parts thereof/ and in blind ends which are aired by

air tubes, as well as the selection of air oconditioners and
determination of the operational parameters.

Programg for hydraulic stowing calculations

Phey ledd to the determination of parsmeters of the trdraulio
stowing installation and the diametres of pipes which loim
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the underground hydranlic stowing system. They indicate the
size of stowing bunkers on the surface and their operational
characteristics. '

Program for optimization of a mecananigzed longwall face

The program presents the technical equipment of a longwall
face and allows -to carry out calculations of the longwall
width»and of the advance distance, as well as of the cwount
of coal output, daily rate of advance, and O.l.5. so as to
achieve in the prevailing mining and geological conditions,
the lowest production cost of mining.

Program for calculation of water drainage system

On the basis of calculations, the following main drainage
parametres are obtained:; the size of the underground water
reservgirs,.required pumps efficiency, velocity of tue
liquid flow in the pipelines, thiokness and weight of the.
plpes, seleotion of pumps and motors.

Optimization of the rail and belt - conveyor transport systen

On the basis of simulsting the r.osme coal transportation
proocess, op%imization calculus is carried out in respect of:

= capacity of the u.g. bunkers situated within the panel and
at the shaft bottom

- efficiency of the main transport equipmeﬁt

~ number of the u.g. rolling stock or belt conveyors parame-
ters for various alternatives of organization of the
transport operation.

The use of the transport simulation systems enables to reduce
.the total capital expenditures by about 5 percent.

The software package relative to communlcation engineering

The package embraces basic design calculations referring to

= the raillway stations throughput _

- the earth moving works for the construction of railway lines
and roads and for site levelling

- the geometric layouts of railway stations and roads

- the greatest rain water run-off from the ¢atchment area

- the railway transport system on the colliery surface.
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Programs for strength calculations of winding plant elcements
such as: skips,'cages, braking devices, as well as calculcilona
for licence - obtaining are aften used. Also programs may be
mentioned which calculate power distributlion systems and low-
tension networks as well as sanitary and central heating
systems. In the environment protection programs for the cal-—
culations of air dustiness caused by the mine'boile:s, for
noise propagation and for the determination of environmental
protection zones are used. '

5 Construction supervision at the building site

By order of the investors, the design offices carry out mine
construction supervisions at the building sites. The prosrams
which are used here are based on the network methods which
make it possible to determine the critical path for the con~
struction of a struéture, or of a set of structures. Besides,
the time=schedule analyses and analyses of the utilization of
basic materials and equipment are carried out..

This mode of investwent activity makks it possible to shorten
by about 10 % the lead time, so that the output objective can
by attained earlier. '

9., Summary

The digital computing methods are used in the everyday designing
practice with regard both to planning the cowmplex development
of the cosl deposits and to separate designing objectivns.

The interdiasciplinary ezamination of the solutions includeg
achievements of theoretical disciplines, scientific research
works and experience of engilueering practice.

On the basis of maly years of practice, further progress in
digital computing methods is projected by means of the develop-
ment of hardware in the computer centre /uraphoscopey and
alfascopes, geographic outlets/ and quantitive and quulitétive
expansion of works in software. In this connection, the

digital computing system supporting the designing activities
through ont the whole mine designing period, and in all

desi ning sections, will be constantly improved and Jmplemented
in praotice. The tranuportation from the method of bubnrh
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data processing to the system of dlalogue between the desiguer
and oomputér should improve the efficiency of the electronic
computing technigues used in mine design works.

The significant expansion of the scope of aections performed
automatically by computers is foreseen.

It will cdver the elaboration of all design documents, inclu-—
ding the stage of detailed design. The elaboration of such
systems has alreagdy been undertaken and it would be nsesul

1f it could be made a subject of multilateral international
co-operation betwesn the design iustitutions interested in
such problems in various countries.
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SIMULATION--REGRESSIVE METHOD FOR
ANALYSIS OF COAL MINES CONSTRUCTION
AND DEVELOPMENT VARIANTS

Dr. Antoni Madejski

Introduction

Decisicns meking with reference to tne future ectivities of
economic units is as a rule preceded hy pnrepvering =2lternztive
develooment directions. Alternative desings have in view th=
estimaetion of effectiveness of various design soluticns et
some defined external and internal ccnditions, The trincinle
of preparing various develoovment alternatives 1s generzlly

4

‘e devee

<

recognized in the process of harcd cozl minez prcsnecti
lopment planning. In practive, however, a2 quite essentizl ok-
gtecle in widenlng the scope of verients for individual deve=

lopment intentions of mines, avnecrc in a high lzboriousznes:c

~ - - P ey, coe ' . : N -

-1 - _ia - P ce e e e D e

At the same time, the traditional anclytic mathols being
applied for agsessment of mines develccment vzriants in:
generally low, not exceeding & dozen or s¢c percent, 25C
tion of those assessments elements /e.3. unit ccsts of =
duction/ in a wide range of varient dezign parszretres vzlues
[5], The results do not. conform to observrticns Zrzwn frer

the coal industry, frequently indicating =t eouearance -f con-
siderable differences in econcmic results of crcductiin, evan
if the mines cperate on devncsits raving cimiley zeolooic oin-
ditions.
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she vaper ovoresents the mines develovment varients ssse-
ssrent method, developed in Pclish co=l mining in the recent
few years, in which the use is taken of ccupling tne =i
tion method of future mine investment 2nd nroduction nroce-
+

o

sces in computer reproduction with the generalizaticrn me

of the current technoeconomical experience gathered hHr ~in

W

in a form of regression functions of many wvariastlzss,

Author of this paver is one of the chrnief cuthors <f the =c¢-
sential solutions and designing methods [5], [12] « & groupef
over e dozen peconls weorked on the softwere and activeting this
method for severzl years,

ra

‘he method dresernted in the vaper is implementable by
means of SPFP.1 scftware stackage ﬁj], having its prototyne
in S4 IP o

1969 for the
zon mines censtructions znd production develonment [1].

opzd and implemented slresdy by 1966-

0
curpose of simulation analysis of single hori-

ihe SPP.1 prosrsm nackese has been develoned for ICL 1204

and CCEx 1205 comnuters,

fhe bzsic presurams of the SPP.1 package have been de-
velored and implemcntﬁ-.already by 1970=-1272, Jithin the
neriod 1974=197% toe Zovr.l nackage weas implemented all to-
getper for an=2l;ciny thce development variants for over twen-
ty cecal mincs [i], [Q]U

Further, tie ~oner crnracterlvses the method of simulzti-
va=roorpegnive 20 caomori of mines development variantsz, fun-

B . _ e~

- e . . v B n .

S e a2 -

sults of the hitverlo £2oulications of thne methcd sre al:zc

2ztz on mines develorment veriants desizned for snzalysis.

Concent of future mine develomment, drewn by designers,
forms the basisg for sinulative snalysis carried out by me=-

zns of the softw=re racks ;e SPP.1, In acceordasnce tc tne re-
ferences [3] and [1ﬂ the concept first of =11 cecvers the
cchieme of openiny the senzrate denosit blocks 2t zengrsts

horiveons,

3
o
3
-
3

(e}
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The Jdcpcsit blocks meke fragments of 2 mining ro-
rizon including in the vertical cross-—seams. Boundzries of
the deposit blocks are conventionally established by the
sdopted deposit owenine scheme as also in a natural wey by
possible major faults, nrotective pillars lines or by mi-
ning boundaries. Sezr nfortions occurring in depozit blecxz

]

are further on callsd tihe exvploitation panels,

The planned depcsit oj:cning scheme is presented in 2
form of so celled -echnclogical netwerk. Cpening scheme
presented on the re*wcric should include only the location
of opening workings without determining their construction
time. So arranged technological network is of'use to the de-
gigner to present the scope of copening works for the speci-
fic deposit blocks. Moreover, the technological network ser-
ves the purpose of indication of transport and ventilation
routes., Therefore, in case of active mines, the transport
and ventilation gateways already finished and serving some
deposit blocks under operation are indicated on the techno-
logical network as well, Lengths and cross-sections of in-
dividual elements of the technological network are required
to be determined by the designer in order to assure that
while analysing the mine variant by SPP,1 software package
the calculations of range of mining works necessery for
opening the specific deposit blocks will be carried out, as
also of transportation routes lengths and the air flow capa-
cities of ventilation ducts., Some other construction o~era-
tions e.g. in connection with extensions of surfece piants
might be also presented on the technological network, For
the technological network having such elements, as the de-
ging data are given the time and cost of theirs execution,

Iist of surface objects complexes to be constructed to-
gether with their technclogical characteristics may be alter-
natively presented apart from the technological network in
a respective primary /basic/ document,

Exploitation panels svecified in particular deposit blocks
are characterrized by industrial reserves, seam thickness,
type of coal, methane content and azlso by the anticipated
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exploitation system, by output concentration from single ex-
ploitation face and by average distance between exploitetion
face and the loading point. The last three factors are the
indicators for technelogical standard in explecitation panel.
Technological standard of théVoroductlon links is determined
by a limited number of such indicators as the capacity of
mining tubs used for coal transportation, the average hoi-
sting capacity of cage/skip, hourly production capacity of
coal preparation plant. '

Design data are complemented by the data of the reauired
target oroduction of the mine, by deoposit exploitation econo-
mic cryteribn index and oy the required perisd feor which the
mine develonment variant ~nalysis should be carried out /at
present tie limitation=z of the SPP.1 packsg: 21lov for znaly-
sing the variants ranzging to 30 years. period/,

Turther more, the SPP2,1 software packaege =2llows thet in
accordance to the requircments individual concents may be
supnlementaed by additicnel iniormaticn sszeniizl for tuc fu-

-

ture develonnent of the mine U)].

e

Accordingly, limitetions mzy be imnosed uUnon the seruen=

ce of worlking exploitr<iion panels and deposit if they rr=
dicteted, =e.g. by muriuc:e protecticn conditicns, Trus
date on the nmine develonment variant required Uy onolysls
by the SPP.1 softwire nncksige 2re the results of tre crenti=-
ve work within the :laglgn process. Thoce data are czlled

Poev A b
HE S VR I

All romaining inicerr-- btion necesszry for coniasctins ba-
chnoceconomic aamlyszs ¢re stored in maonetic filas of 'he
S3FP.1 nacka-e =2nd trar =2re neriodicszlly undeated -n thie bz-
gig of date being receivaed directly {rom thw coemuuterized
analytic - accounting systems for onroduction processes and
investment activities Bf], ﬁ4]. They are celled file ‘lzte,
They include such :d-tz as advance standards end -rice lists
for headings drivecn uni=2r rzrious conditions srl usingz

Fal

various technigu2s, 22 v=211 52 standsrd indices from

3
]

v}
[20))
D
t

and mine ventilatincon reulati-nc, z2s3: a2air gqu=ntity racuira:



-73-

.agnetic files acez include =lsc regreczion functi
of nroduction c9dz:iz &nd functions of fixed assztz mesznins

dependenclies tetwzen the coszts and fixed =scets 2n? the mi-

H

ot
'.J

Q

o}

0

L ]

ning=-technical enl! geolesic nroduction ccend

In cage develonomaent voriant of =2rn active mine is %2 b

+ )

subjected to enzly=i: hv the 5IZF.1 nzckzgsao, bogitos d
sign data and tie magnotic files dztz, the suiztistiecszsl a
obtained in a2n automatic way from the data bank of the IOS

DZ] are also used, These data include information on actual
dislocation and size of producticn in various mining panels,
on techno-mining and geologic conditions and on actual nro-

duction costse.

The above mentioned kinds of data on a mine variant cre-
ate the basis for starting its analysis by SPP.1 packzge.The
SPP.1 package conducts such an analysis utilizing the simula-
tion method in connection with the regression prcgnosing me-
thod.,

The block diagram of simulation-regressive anzlysis of
mine development variant carried out by means of SPP,1 pze-
kage is shown on figure 1. The main functions of basic blocks
of this diagram are chz2racterized in further points,

Interp;etation of the 2ccented notations and smbolcs.

849 By B4 - structural paremeters of the regression

ccet functions,
A = ColuiaClollt AUl odulas Dies O adca o LEl

needed for the primary cutfit regarding
the working essets and the recerves,X= 1

ATk(m) - actual coal load of k-th sczment of tran-
sport route from m-th deposit blcck,

AWE - actual output of power coal in & cozl
mine,

AJEN1<m) - actual air loading of l-th segment of von-
tilztion route for m-th depcsit blcci,

b - the year of completing the cc2l minz con-

struction,
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successive years of analysis after comple-
ting the cocal mine construction,

the range of v-th opening work performsd
during one month,

increment in annuel producticn ccsts in
a coal mine,

incremeniy of nroducticn unit ccuis in g

increment ccefficient cf cinital outlas;

ner onc ton of cozal cutnut incrcment in
1

increment coefficients ¢T cczl rine nre-
fitability,

acturl aorrection value 30 r=th prccucticn
cozt cloment in 08 fime and o-t

I tocununcloyricel nroductiun nrocesi alcu-
c

incrzament of zmnnunl nroducticn vrlue of

corl mino,
ircrement cof znnual outsut oF 3 cc~l mins,

inerenmert ol corl mine nxci'it =rx anil

icients of indepnendsnt verlic-

i
he rTegression functions <i tne
i

meximulrn number of frgces 1in

c
itetion in the zxnlcitation nrnel g% 73

Lino,
et RIS e + Ex] e - s -
meensive: segments ¢f ccal trunzoacr

reutle s ftom m-th depesit blacks
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- unit cost of mining vwcrks durin.

neninT met

Y
.
©
<
O
|

elizotion of v-tn work
3it block,
- the valu« cf r=th nroduction cczs element

crleulsted for n-th sectlien =

m

cai ovroduction rtroce=x

statistical valuce of r-th rroduction ccs: cle-
coii .

ment in q-th techrological s

succesive zezments of ventileticn rcuts for

m-tn ceposit block,
succezive deposlit blocks c¢f znalygsed wzriznt
of coal mine develooment,

cubtput ccncentrztion £rom a cingrle fzce In p-ib
exnloitation nan#1l oi m~th dencsii blse

time,

oi teehnologicel wroduction procass czlculated
by means of regrescion function &t the time ©
of ccel nmine constructicn vor,Tetion,

value cf fixcd assete in g-th sectic of t=chno-
logicel production process celcul=ted by mearg

of regrezsion function for ¢ ye=zr,

minimwn cirange cf output in the exrnlzcitztion
nunel,

invesurent cullgy for the nrimer:y
with meacliines and devices borne durins *he roal
wine constructio

investrment
with macnlnes and devices

outlay fcr the prinmery equiolin:-
borne in d-ti jesr
-~ L -

eiter ccmcleting the construclion of e czal

mine,

nuncer ol independent veriagbles gccurizz in tha
rexressidn functions of productizr custe in c-in
,J

section of

investment cqutluy of minins workzs Tor veirn work

crening Lhe metn dencein tloex
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invesiment outlay for tre nrimery etulpping of

thd v=th work onening m=th depculs Tlocxz zZelng

the heading,

investment cullay for the rezlizeaticn (I v=-th
in

opening wcrk being not a neadi

amortization period of v-th heading opening
n-th denosit block,

exploitation panel numbers in m-th deposit
block,

required amount of air flowing through 1-th
ventilation route segment conected with sta-
rting WD(p,m) output,

duration time of first workings for starting
the exploitation in the first exploitation
panel of m-th deposit block,

distinguished technological sections of grc-
duction process in the regressiomn model of

production costs,

cost clements which are calculated by meuns
of separate functions of regression model of
costs in particular technological sections,

rate of interest,

1 = if the decision concernlng tne execution

S T B T D B PR 5 W S S D T BRI N T P IR

ot

has veen msade
0 - otherwise

actual montn of coal mine development varisnt

analysis,

complztion date of coal mine variant eznelysis,
initizl date of the next simulation cycle,
completion date of v-=-th work reszslizza%tion
opening m-ta deposit block,

T.on

t dete of starting the =zzploi:

0

(4}

the esarlie
Qs

S

031t block,
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sbarting date of realizatlon v-=th work agening
it blocl,

cacity of k-th segment of coal transnort

o
recuts Trom nm-th deposit block,

upperiinii or power cozl outrut,

causcity of l-th segmesat of ventilaiilon roufs
lce

v

"\
[
(@]
o
D
&)
'_4
<
(V]
G
H
N
0]
C
J
()]
3
'_.
3
&
O
[
.!3
)
i
o
i
T
-
O
n
=
pus
O
—
W)
(@]
"
-

uzl oubtput in p-tn exoloitztinn nanel o1
u

devosit block,

- =2dditicanl outnut in p-ih expleoit=2ticn ~=nel
of m=-th depoosit block,
- planned outnubt in n»n-th exploilaiisn nznsl o7

m=th deposit bloci,

- actuzl output from exploitation level tc which

belonys n—-th explolitation panel of m-th depczit

bEloeck

~-

arl cubosut o a coel mine,
mine

- planncd coalroutvut cn TB date,

-~ e e i ]‘r\ £ T A s oA ‘T_v‘_--

N =

. i~ Vg o~ - = = - 3 = sy
L8 DL Gl SLar L e 2Neldy sl C10 1Ll Ui

velopment variant,

- minimum outpub in exnplioitztion nanel,

e
ni=-th deposic blcck wnicn ensures not exceeling

s

iren exanloltaticn advances in adjacent sxnlo-

inde 2ndent varizbles in regressicn functions
¢i tae oroductlon cost model,

NN a3
COMT LS L Ly Qs

Y]

I ~L Y e - P S - I
T2 0l v=-tf WO ODSAl LI T=Trn T3270=



-78-

A, Preliminary calculations

After accomplishing the activities of Bloclt 1 in which
the input and control of data are performed /sece fig.1/
Block 2 starts its activity. The aim of this Block is to
accomplish, the so callad, preliminary calculations.

These calculations include the evaluation of the prelimina-
ry values of all the coal mine parameters that are used in
succesive cycles of she simulation analysis variant,

In case of active mines in this Block, on the basis of the
statistical data, the actual exploitation front is recrodu-
ced - e. g. the actual output of exploitation panels is re-
corded, as well as, the load per transport and approorizte
ventilation routes caused by this output. Alsoc in Block 2
in case of active mine analysis preliminary correction
values of production cost forecasts are appointed. They =zre
calculated by means of regression model of production costs
of SPP.1 program package,

Regressgsion model of production costs of the SPP.1 sof-
tware package covers a number of functions defining the costs
barne at some specific appointed technological sections of
the production process such as: exploitation panels, hori-
zontal transportation, verticel transportation etc.IZ‘IO]°

The applicatlions of separate functions for various com—
ponents of production costs, sucn as: labour expenses, costs
of materials, depreciation costs and all the remaining coats

- ) e L . . , L. - N
Moy T et oy oy ey s S T - FE = W B o A Bt N AR Y i 3 S o
SZ1C IgITezec wAtillna oz COUIINULOSACUa BT ULCNS, L8 LSl

qn)

ciation functions do not include those related to mining

workings,

Separate functions of production costs foreseen for
various technologies of the production process are used in
some of the technological sections, The costs, for example
in a defined mining pansl are calculated by means of a fun-
ction adequale for the used exploitation method,

The generalized form of regression functions of productinn
costs is presented by the formula /1/:
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i= 1=n
K = a + 8. .X.X.
Tq o é zgj i3 /1/

i=1 1=1 J=1
The value of correction /deltas/ of production costs czl-
culated by means of costs function being actual at the be-

ginning of analysis is evaluated from relationship:

rS

K - K
— rgq rg

dithin the btechmological section of"explcitation nan=i
the delta values are calculated for each active mining penel
by means of subsituting the values of a given panel to for-
mule /2/. The asverage delta values are utilized for czlcul=z-

tinz production costs in new exploitation panels.

A8 the elements causing otcurrance of discrepencies be-
tween the calculated costs and the actual ones are not ez=a
ctly knmown during the simulation analysis of & mine develo=-
pment variant, the valUes of deltas applied for correcti~cns
of oroduction costs are gradually cut down in time until
their full liquidation (7], [1]].

Besidescalculating the 4 (O)value Block 2 reelizes "time
analysis" of mine technolov¢cal network by means of specisl
method developed for partially directed networks[dj. /.S & ro=
suit of this analysis the earlieszt dates of opening neriic.-—
ler denosit blocks are indicated in Block 2, In czze of =z 5i=-
nneu mine consuLsucLion ohis analysis appoints trne esrziiczt
date of obtaining the first outnut, This dats settles ths
begiming of the first simulation cycle of mine vari
lysis-TB. The TB date of active mine is equal to trhe dzte oF
the beginning of variant analysis,

Basic cycle of gimulaetion analysis

-
»
-

1
t

O

-

The cycle of gimulatinn analysis verlient starts in Bl.
in which the necessity of imitiating new output ia inv=ssi

“ -

(]
5

-

ted, The necessity of ianltiating & new outnut isg eonfir~=

in case 1f ineguality occurs:
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WKP(TB) - WAK>O /3/

Investigetion process of the required output starts froem
analysing the possibilities of increzsing the output in acti-
ve panels /Block 4/. Surplus values of WD(p,m) outnut obtai-
ned in "p-th" active panel of m-th block have to satisfy <¢i-
multaneously the following conditions:

A (p,m) + WD(p,m)< WP(p,m) /4/
WAPOZ_ + WD (p,m m)g UWROZ (TB) /5/
WAK + WD(p,m) & WKP(TB) /6/
k/E\KMLATk( m) + WD(p,m) < UT,(m) /7/ |
2 [AWEN) (m) + Pl{WD(p,m)}]sU‘NENl(m) /8/
WA(p,m) + WD(p,m) swyppm(TB) /9/
WD(p,m) > MINZM /10/
WD(p,m) € IPe ~ KONcpm(TB) /11/

If the pénel contains power coal then additional condition
is tested:

AWE + WD(p,m) £ UWE - /12/

If in the course of trying to increase the output in active
panels the planned mine output on the TB date has not been
achieved then the Block 6 starts its analysis in which the
possibilities of assigning for exploatation the new panels
from active and not yet opened deposit blocks are consivle-

red.

To dindic=ts the not 72t opened blocks which c=n be tzxen
into account while analysing the increasing mine output the
following condition are tested: '

e/ is it possible to start the exploitation of m—-th block
in TB time if the development workings were started re-
spectively in advance ?

b/ are there any designer re strlctlons/the sequence of exnlo=-
itation of considered block ?

c/ Does starting the Pxploitation in this block
disturb the sett-led number of 51multaneously active
production levels ?
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The answer, which deposit blocks satisfy a/ condition can

be obtained by means of performing the time analysis of
technological network taking into account thé earliest dates
of accomplishing development workings., The time analysis in-
cludes also those mining workings of which the completion
dates were earlier established in order to open some other
deposit biocks. To assure the opening of a given block the
date of performance of those mining workings can be changed

to an earlier one.

The date of starting exploitation of the block is assigned

from the relation:

TRW(m) = max{[max ZAK(vm) + PRZYG(mi],TB} /13/
V€ Vm

Block 6 initially assigns only one exploitation panel from
all deposit blocks already opened and possible to be opened
on TB date, which fulfils the designing limitations in adva-
nsing exploitation of adjoining panels end at the same time
agsures the access during the exploitation to other deposit
blocks according to the used analysis criteria - minimum
unitary discounted division costs or division profit,

After determining the exploitation panels in particu-
lar blocks assigned for exploitation Block 7 starts their
selection., In the first turn, permissible output in parti-
cular exploitation panels is calculated. The above mentioned
conditions i.e. from /4/ to /12/ are investigated, only con-

dition /10/ is replaced oy the following relationsciy:
WD(p,m) > WYDMIN {_KONCpm (1B) } /14/

Panel selection for exploitation is done in such way
as to optimize one, from the selected by the designer, cri-
terion of mine variant analysis, These criteria can be:

a/ maximization of increment of coal mine profit per

unit Azj:
AZ A(U=-K) p
AZ. = = ’ Zl/t /15/
J AW AW
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b/ minimization of increment in production unit costs in a co-

al mine Akj:

AKX
Ak, = ——— , 21/t /16/
J AW
¢/ maximization of increment coefficient of profitability
Axﬁ determined by formula: .

AL
Ar, =—— /17/

AK
d/ maximization of increment coefficient of profitability ¢Ar2

determined by formula:

AZ
Ar2 = ———— when AN # 0 /18/
AN
Ar, = A2, when AN = 0 /187

e/ minimization of increment coefficient of capitel outlay
per one ton of coal output:

AN
An = —— , z¥/t /19/

AW

The required increments of costs production for indices
entered as formulae from /15/ to /187 ere assigned as costs
differences obtained in a mine after probationary incorporz-
tion of the considered panel into exploitation and costs be-
fore 1ncorporating this panel., If the considered exploita-
tion panel belongs to deposit blocks yet uncoverea, tinen the
AK costs difference calculated by means of regression fun-
ction is increased by the sum of amortization rates of de-
velopment headings. The amortization rate of each Vo develo-
pment workings being a mining heading is calculated from the
following relationship having regard to S interest rate:

N, (v )*[s*(1+s) Om("m)]

(1+S >OKR(vm) -1

while N,(v_) investment outley of mining works for each v,

A("’m) = /20/

development heading opening the m-th block, is czlculated

according to the formula:
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t=TK
v

om | - TB-t I
N1(vm) = {1-b1(vm)J E D(vm)*K1(vm)(1+S) /21/
E=TP
\'
m
During the N1(vm)ouflay calculation the headings incdicater

as those opening the censidered block but qualified feor ezr-
lier exploitation to open other blocks, are 1gnored in this
consideration / ST (vm) index in formula /21/ has a value of 1
if the heading was earlier qualified for exploitaticn; otheri-

se this index is equal to 0/.

Investment outlay increment occuring in formulae /183/ &nd
/19/ include N1(vm) outlay for constructing the mining hezdirn-
gs, as well as N2(vm) outlay for equipping these headings, zn?
NB(Vm) outlay for the realization of some other develcpmert
workings of the considered block which are not headingzs,
Uniform outlay consumption is assumed while
calculating N2(vm) outlay and N3(vm) outlay during the work
rezlization. That is why the formulae of their calculation are
analogous to formula /21/., The AN increment of investment
outley is calculated from the relationship:

v =V
mo'm
AN = 2 N, (vm) + Ng(vm) + N3 (vm) /22 /

v =
m1

The A W increments of mine cutnput occuring in formulze
/15/, /16/ and /19/ are equel to the WD(v,m) outnut of ssci-
tned /candideting/ panel for exploitation., The AZ increment
of mine profit calculated for indices described by mezns of
formulae /15/, /11/, /18/ and /187 is equal to increrent 4if-

2}

-
7

¥

+

Al

) -

ference of AU mine oulput value which is calculated ==

ducet of selling price of p-th panel and its UD(v,m) cutnu?
and toAK increment of cozt production,

After analysing all assigned nencls they are included
into exploitation such a2 panel that ensures tre most a2dventz-
secns values of celculation criterion index, The incoruocrz-

tion of & panel intoc exploitaiion is ac&%plished oy Zlcocz
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This block records the acturl utout explcitaticn -zrel and

actual reserves of transpori:iilon and ventilation routes,
If the incorporated panel is in the notl yet opend blccle trhen
time analysis of tecimological network is started according
to the very latest possible jates. According to these dates
time stedule of opening depousit block is started and the cor-
rection of volume of amortizztion rates calculated by mezncs
of formula /20/ for all blocks which execution dates were
shifted in respect to the dotves essigned for earlier bloci As
posit is made.

when the analysis conducted in Blocks 3 to 6 indicates
lack of possibilities of achieving the target mine output by
means of increasing the outpat in active and new panels, and
in the past this volume has neen achieved at least in one cy-
cle, then Block 9 examines alditional possibilities of star-
ting reserve production. Sterting reserve production means
the increase of output in a1! actiye exploitation penels by
determined per cent which is not higher then maximumn velue
defined on maegnetic file data eand which ensures the achieve-

ment of target output.

After achieving the required cutput in a mine or after
analysing 811 posgibilities of achieving such output, f%ispen-
sable information concernin:; the period which sterts on TB
date are stored in Block 10 Lo renresent them 1n results,

The examination whether in the ebL.ve period the date of mine
analysis termination was achieved is followed in Block 11,

If the termination date of the eabove period is smeller than
the date of analysis termination, then in Block 12 the new
value of current date bigger by the agsumed length of cycle
/ICYKL/ at the beginning of znalysis equal to certain number
of months 6, for exzmple, is assigned. i1l mine parameters,
deperding on time, are set for new TB date., It can be noted
that the reduction of resourcca in aclive exploitation panels
together with the termination of sume vanels exploitatiocn,
elimination of mine reserve outnut, updating of reserves on
transportation and ventilation rouies which had teen incres::q
due to the termination some wnznel: exploitation and values o
quired in new TB date of adiitionw! min< output are set, Fe-
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the requirements of cost model the values ofArq (TB} and
valueg of independent variables relating to the structure of
the mine are updated., Next, Block 3 starts new simulation

cycle.

Final cslculations

After attaining the termination date of analysis Block 13
starts its work and realizes final assignment of investment
outlay in a given time in tesied variant of mine development,

Following parts can be distinguished in outlays concering:

- driving of development headings
- initial equipping of underground and the surface of a mine

- equipment replacement,

Outlays for heedings driving are calculated in accordance
with formula /21/ efter elimineting 1n 1t the interest factor.
The other types of outleys are calculated on the basis of de-
slgning data in technological network or in special source

documents.,

Upon completing the analysis of preliminary designing
conception-concernig the ccnstruction of new mines it is po-
ssible to utilize the regressiocn model of forecasting the
outlays assignmment for the initial underground equipping or.

/and/ surface equipping. The regression functions of fixed

assets utlilized for that purpose represent dependences between
the gross value of fixed assets in'distinguished technalogical
sections of production process, and the eattasined indices of
production concentration in a mine and its structure,

The generel form of fixed assetsrﬂunctio&ahnalogous to the
form of costs model function which is described by fermuls
/1/. In oposite to the regression cost model in the regression
model of outlays assignment t ere is only one function of fi-
xed assets concerning all active panels of a mine and representing
section of "the exploitation penels", The outlay volume for
the initial equipping is calculated by means of the following
formulae:

I.Outlays borne during mine construction - Nb
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Ko
1]
O

N, = M - /23/

Qa
]
-—d

II1.O0utlays borne in consecutive "d" years after mine constru-

ction completion:

q=Q
Nd =v§E: max [(Mg+1 - Mg) ’ 0] /24/
q=1

1t is assume@}hat the outlays bearing will last till the end
of terminating the mine construction while czlculating Hb
investment outlay for the initiel equipping utilizing the re-
gression function. The beginning of outlays bearing
for the initial equipping is established for one year before
the date of obtaining the first output. For the outlays cal-
culated in accordance with formula /24/, one year cycle of
outlays bearing togethexr with the termination at the'beginnirg

of d+1 year is assumed,

The two last Blocks 14 and 15 are used tc represent ana-
lysis results of mine development variant., Block 14 formula-
tes the basic set of 16 result sheets. These sheets contain
the dynamic characteristics of producticn and investment ascti-
vities of a mine, like proluction figurcs in consecutive yea:. s
together with production distribution in depusit blocks, pro-
duction costs and the flow of required investment outlays,
Time schedules for execution of investment constructicn and
for exploitetion in separate mining panels are elsc presented,

In the result sheets the producticn costs, the investmen:
outlays and the production value with a due consideraticn of
discount account are presented for the rurpose of compariszon-
of various alternatives for develcopment of mirnes.
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tesults of the hitherto applicstions of the sirumlstive-re—

ag already mentioned under chenter 1, the bezinnirs of
anplications of the sinulative-re;ressive method for essens-
rent of development varionts by mesns of bthe SPC.1 zoftuzre
nackepe renges back to 1972, At that tim:, the coel minlng
industry desizn cffices hove nrepered deta relselling tc trho
nrospeciive development of three active mines and of one row
mine project, Results of those anzlyses wore utilized meirly
for ctiecking the correctness of solutionos edonted for the
rrogrem peckage. During 1974~1979 the methed hes been asnli-
ed for analyses of prospective development varients for tvoen-
ty two coel mines., All together for the mines over forty;

variants have becn analysed by this method [4], [9].

Obsexvations as to the¢ hitherto implementations of the
method indicete that the mine managements were eiming meinly
et the technical assessment of correctnescs of various nle-~
rning and Jdesign concepts for development of the mines, Leve-
lopment of the planned produclion et assumption of varisntis
t'eaturing considerable rute of production growth of the minec
were followed with a special irnterest. Detectini; and overco-
ring of "bottlenecks'" in the production process or the zn~ly-

cis of possibilities on shortening the lead times in reaciing

the task for the analyses. Compariscn of economic effective-
ness of the variants almost &s s rule were teken for a secon-
dary task of the anelyses, considered only then, when tre
analysed variants were reaching the planned technical pzrz-
neters in result of consecutive corrections end complements-—
tions introduced to concept desings.

A broad renge testing has been conducted on the desi:ned
construction variants and on prcspective developrent of mine
in a mining ares taken as & proving ground, in order to ir nrc-
ve the knowledge about the SPF.1 package possibilities in thre
above mentioned basis range of its implementaticns ﬁ1].

Por this development area having a shape close to & rectargu-

lar of 6 x 3,6 km 1n size alltogether 22 develc: ment variinte
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tfor the mine under desing were prepared. The variants were
diftering among themselves by thelr opening cheéracteristics,
by the strategsy of reaching the target production ard by tre
anticinated t=chnological stendard of exploitation. All tre
variants weve analysed for en interval of twenty yeers.,

45 1he basic criterion an acgoessment of ecconomic effective-
ness for the considered varlients the producticn costs znd

the capital outlays indices vere assumed,

1'ne production costs rec:oived in the analysed varisnts
after their srrangerment in ecordance to the yearly productiscn
a1e shown on fig.2. It resultis thereof that for the ranzge cf
a defined mining earea the prcduction cosbs may be very mucr
differentiated, depending upcn the solutions applied in the
designe. The lowest average .unift cost to the level of ehout
250 zlotys per ton has been reached in varieants No, 19 ans
63 for which the vroduction was taken as T7,2C0 thousand tons
per year, The hipghest average unit cost has beesn reacheil In
variant No. 17 of a producticn of 2,400 thousand tons per
reer, 1t was 383 zlotys per lor, so 1t was by 120 zlotys ner
ton nigher from the "“cheapest" variants,

Quite esgential discrepancies in the analyscd mine veriean-
ts oecurred alsc in capital cutlays requirementse for the oro-
Juction. Flg. 3 shows, how the capical cutlays regquirementc
index, calculeted as the ratio of investment outlays born
f1rom the begimning of the anslysis 6f investment outlays to
the yearly target production capacity, wis forming in time.
It results there of, that the value c¢f that index, calculz-
ted for the time of the end c¢if anealycis pericd in varicus
variaznts was within the range of 550 to 320 zloctys rer tcn

of the yearly target production capzcity.

Iesults of the hitherlo implementations cf the SFP.1
package for simulative-regressive assessment of over forty
Jevelopment variants in twenty twe ccel minec az slso of
over twenty veriants ol a wmine on en exemplary :ining ercea
indicate for efficiency of Lte substantiszl end ro-remring
solutions adopted tlerein., The sinulative-represgive ersly-

~

sis of various design solutivns cerried cut for the ascuns
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mining area has proved that for the same mining area, thus
identical deposit conditions the exploitation results of the
mine might be much differentiated., This confirmed the obser-
vations from the practice. At the same time it has indicated
for a much higher sensitivity of the method to the influence
of design parameters of mines onto their effectiveness in
comparison tec the conventional analytical methods [5].

The obtained efficiency of the method allows to talk

about the applicetion possibilities of & new hard coai mines
size snd structure optimization method, hitherto not being
applicable, The functional merit of this method lies in =a
broad methodic preparing of development varients for all acti-
ve mines of the coal industry and as also for prospective
variants of conatruction and development for the designed mi-
nes, then drawing an all-aspectis analysis for each variant
by means of simulative-regressive method and at least in se-
lectioning of COMPARATIVE ASSESSMENTS obtained in this way
for the development program of the hard coal industry [3].
In result thereof the considered mines one development var-
jant would be advisable being optimal one from the viewpoint
of criterious assumed for the coal industry es & whole /e.g.
costs minimum, maximum of profits etc, at the projected glo-
bal production, investment outlays limitations etc./

Conclusions

1. In the course of testing conducted during 1972-1979 in
several coal mines the suitability of the simulative-re-~
gressive method for assessment of prospective mine de-
velopment variants has been fully proved. Results of the
calculations made for about forty variants of mine deve-
lopment, characteristized by a broad varisty of ways of
opening the deposit, of the designed technological stan-
dard and of geo?*ogical production conditions have indica-
ted at the same time a high efficiency of brogrammistic
solutions implementing the simulative-regressive method
of analysis, At the Bame time the presented basic results
of the experimental testing of over twenty variants for
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construction and develcpment of mines on z given examzsls-

=y mining area have proved that tqe integration of the
simuletive determination of indices reprs

teciinical and mining conditions ol tre
tne regressive mod:ls of prognosing assures a precision
in assessment of influence of the mine stiucture snd
i tecnnological standard onto tue costs and caupitzal
outlays requirements of production, unattazingble by tre
conventional analytic and design mathods.

Tnese results conflrm the purposefullness of utitize-

d

of VAKIANTS design of construction and develeoprzant oFf
mines. Tbele*ore, it should f'ind =applica n

offices a2g a comnon working aid for de izners nrenzring

concepts on prosnective development of mines,

o
41}
ul
(S
)
,“
]

4 continuous technologliecal and techriierl nropre
Jing towards creetion of mines naving higher.ati nYodi-
ction capacities, as 8lso tighlening the requireme
to the qualiily production parameters of thne mines imrlie
es the neccessity of continuatiou of resesrcr on imnreo-

wing the simulative-regressive metnced for A

mine development variants towards expansicn and deeie-
ning of the rangers of analyses conducted by 1t :

cation, A furtner improvement in sccurecy of a
of mine develobment variaznts by means of the sirulziive

WH5T€€%1VL method &3 zlso 2 diminishing cf lzboricsusness

H

in preparing of date for calculsiticn would be the =zuh-
ject of a furiher integretion of ths nethcd wi+r +re
mputerized accountance and sznalysis systems f2r svc-

Jduction and investment processe Lunhtxaqlr; in th= o

intustey (2], [=].
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Production costs zt/ton
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COMPUTER TECHNIQUES IN PLANNING
AND PROGRAMMING OF MINING PRODUCTION
IN POLAND

Andrzej Jadkowski
WacJaw Szulakowski

In the Polish ocoal mining industry planning works are carried

out within a certain cycle which is called the predioting

and programming oycle. This cycle includes:

- the development forecast of basic techno-economic indices
whioh characterize the individual coal mines and the hard
coal sectors, as a whole,

- the study on conditions which determine the coal seotor s
development; it. is the basis for decision - téking on pro-

duction and investment activities.

The cyolioal planning character is brought about by the ne-
cessity to revise again and again the data which are used for
calculationse. These data are endogenous /i.e. they appear
within the sector/ and exogenous /fromloutside the sector/.

" The cycle is an integral part of the nation-wide planning
system. Hence it contains thé characteristic parameters of
the system as well as the features of the speqifio subjeot

sector for which the computer techniques are applied.
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1¢ Planning system

The National Eoonomic Plan is implemented by means of

the whole system of disaggregated plans which include

various domains of the social and economioc life of the

nation and are prepared for vérious peribds.

Thé sy stem oomﬁfzées short=term /annual/ plans, mid-term

/3=5 years/ plans and long=-term /45-20 years/.plans as well

as general perspectives whioh are prepared for more than

10-year periods.

There are some correlations between individual patterns of

pland and perspectives. These correlations may be characteri-

zed as foliows:

~ the economic perspectives represent the multi-variant studies
where the most probable future course of the examined issue
is presentéd in the conditions of wvarious constraints and
factors which are difficult to antioipate and whioch affeot
/disturb/ the saild course;

- the long=term plans which indicate the basic development
problems of the sector or the national economy as a whole,
including the results of the perspective studies and taking
into considerations the current economic potentials in the
light of the required course of the investigated issue;

T - the'medium-term plans prepared on the basis of the lonyg-term
plan outlines correspond strioctly to the Natianal Lconomic
Plan and are more detailed, and the solutions included
theréin are adjusted to the variable external and internal

conditions;



- short-term plans include problems arising from the medium-—-
term plan, in terms of quantity, quality and lead times,
these plans are obligatory and constitute the directives
for the individual units responsible and accovutable for
the execution of the planned objeotilves.

The planning system being in force in Foland may be called
"the planning system with the mobile long-term plan', or

"the step-wise planning system. The basic idea of this systen
is shown in Fige1. The long-term plan with its production
objectives is an auxiliary analytiqal instrument which helps
to prepare medium-term plans for the coal industry's dévelopu
‘ment. At the beginning of each 5-year period, a new long-—term
plan is prepared; in relation to the preceding plan, ity
values are verified /reduced or inoreased/ according to the
conditions which result from the current general development
polioies of the country; In this oonhection, the tasks inclu-
ded in the'medium;term plans are verified regpectively and
consequently, the one~year plans are also revised.

guch a meaning of the long-term plan funoction brings about
a.constant revision of this plan and obviously, the revisious
of medium- ahd sﬁort~term plans are also needed.

yince 1976, the method0106y us well as study and reseurch
works, whioh substuntially support the planning activilics

of the mining industry, have beeﬁ performed in the Chief
Mining Study and Design Offioce within the framework of u se-
parate research and development problem: “Forecasting, pro--

B ’ -
grawming and planning of the coal mining industry s develcp-
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ment". These works wake a basis for decision-taking by mana-~
gement of the coal mining industry in the field of Cinvest-
ment and production éctivities, so as to provide the proper
developmeht'of the industry. |

As has already been mentioned these works are oarried on
acéording to a certain reiterating research cycle. The research
cycle‘can be described as follows. The starting point

or these works are the availabie produotibn oapacities at

‘this moment, and the data which identify the investment
dcfivities of the coai mining‘indusfry and the size of hard
coal demand for the oountry's e conomye

The first stége of a cycle includes multi=-variant perspectives
of the iﬁdividual coal mines and of the whole coal mining
seotor.

The second stage is the identification of nonditions which
restrain the sector s development; the conditions. arc the

| conseguence of a certain selection field; within its frames,

the most probable dévelopment trend of the sector will appear.

The wdrked out techno-ckonomic indices indicate the minimun

and maximum potential of the coal mining industry's develop-

ment /within the investigated time interval/.

Within the third stage, optimized programs are prepared wihiloch

fulf£ll the condition of meeting the coal demand and othex

conditions which resuit fram the assumed criterion-function

and the remaining limitations. These programs also include

the existing technical and economic oonstraiﬁts of the coal

mining industry as well as the market analysis carried out

by respective institutions. Within the final stage of the

cycle, i.e« on the sector manuagement level, decision Laling



-100-

actions are carried out with reference to the production
obj%ctives and indispensable investments, so as to warrant

the axﬁainment of the,required‘size of production. At each
moment of the-cyocle implementation, data ére introduced into
the forecasting and programming works. The data update the
identyfiocation degree of the resources base and its qualité-
tive parameters. |

At present, the major part of calculations carried out at the
successive stages-of the ﬁhole fofeoasting programming cycle
implementation is included in the respeoctive saftware, and

is performed by means of digital ocomputing tgchniques.
_Pecently for forecasting purposes, and particularly %o optimize
the coal mining industry's development programs, a certain |
group of methods has been used sucessfully oalled MOBiH.

It has been worked out at the Institute of Desigﬁing and Con-
struction of Mines of the Academy of Mining and Metallﬁrgy

in Oracow,

2¢ Characteristics of the 1OBAR method

The MOBAR'metod'incorporates all stages of the above descri-
bed oyocle: from forecasting the techno-economic indices for
mines to breparing the coal mining industry's optimigzed pro-
gramse

To this ehd a software package for ocalculations has been wor-
ked oute. The programs - according to requirements — may be
utilized separately, in groups /for the selected cycle ffagment/

or on the whole‘/for the whole oyole/.

The basic requirement of the method consists in the general
collection of designs for the existing mines, mines under con-

struction, and planned mines.
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The collection embraces variants of these mines development
within a period equal to the programming period. This period

inoluded the years 1975-2000 in the already exeouted works.

Each variant~has been charaoterized by a sequence of nunbers
.of techno~economic indices such as: coal mine output, the

" share of steam coal in the totalvoolliery output, producfion
oosts; depreciation, forecasted coal sale price, capital

- expenditure for the outpu% maintenance and for the output in-
crease, capital expenditure per one ton of coal production,
labou; productivity etc. The indices present univocally the
expénditurea and the results whioh are oonneoted with the

' implementation‘of each mine-Varian%. The number of the numeri-
cal sequence terms of each mgntioned index equals to the
number of the years included in the program. To indicate each
~micr6?eoonomio index, different methods of forecasting its
~value were used. Howeﬁer, most frequently a modifiled trend -
extrapolation method or methods of the principal indices
 were used' according to the substantial ocontent of tﬁe index.

. for each mine, af least two development variantss minimum

and maximum, have been prepared.

Besides, the intermediate varlants /third and fourth ones/
for the existing mines which have suificient reserves to dine
crease the initial coal output and for the planned mines

have been elaborated.

The saild variants were justified from the viewpoint of the
opening up and development.of the coal deposit /number of
shafts and working horizons, the degrea of the production

processes mechanization, the amouht of coal output, eto./
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By means of relevant calculations, a catalogue of technical
and economio indices has been prepared, which includes in-

" dices of the mines development variantse. On the basis of

the describad variants of the individual mines development,
it was possible to start workiﬁg out the projections relating
" to the macro-economic indices of the sector s development.
This was done through syhthetizing the macro=-economic indioces
for different sets of mines aggregation.
There were aggregated separately:
-~ the existing mines
- the mines under oconstruction, and

- the planned mines.
FPor each of the above mine groups, the average technical and
economic indices were calculated aoccording to their variants
with

-~ minimum coal output
- magximum coal output
Subsequently, the indices were oomputed for the mines producing
~ gteam coal and |
-~ ooking ooal.
Furthermoreg a forecast was worked out of the develépment of
the above said indices in conditions of variable rates ol in-—
ocluding new mines into the coal industry's development program,
It was assumed that these mines will be constructed at following
rates:
- one mine %Sé? two years,
- one mine per annum,

~ two mines per annum.
¢
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Finally, the indices were calculated ror various combinations
of the mentioned groupings of mines and of the capital invest-~.

ment rate in the coal industry.

As 0. result of the above activities, the extreme potential

of this industry's developrent was determined, ;nd paftioularly

~with reference to the amount of coal output and the feépecﬁive

output indioes.‘This fiagment of the oomputing‘oycle produces.

the moust appropriate foreoasting of the coal mining sector§

dévelopment in a chro-economio scale, and has become the

basis for the determination of limiting oconditions in the

assumed model of 6ptimizing the development program =~ of the

coal mining sector.

In the two first stoges of the fbreqasting and programming

works,y the necessary numerical data set has beén preparéd.

The data are finally used in the optimization program for the

sector s development. These data are supplemented with fijures

derived from outside of the seotor and are characterized by e

- home demand for steam and coking coal |

- comgitment of the capital investments allotted from the
central budget;

- manpower potential within the sector, etc.

As the theoreticall foundations of the optimisation pro,u-wm

for the sector s development have already been published

~only its short charasteristios 1s presented herein

At the first stage of the optimization caioulations; the

three—~dimentional matrix od mines designs /mines variants/

vhioh oreate a n—element general set of fhése designs is pre-

pared.
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This set arrangement is carried out by the criterion -
-adequate for the assumed function - of the expenditures or

profitability index. Expenditures are always minimized and

proceeds are maximized. From this matrix, by means of dynamic
programming beginning'with the last year‘of.the program
period, such sub?set of mines-variants is seleocted in the -
suocesive years of this period that is an optimum solution
from the view-point of the assumed criterizon of Wgoodnessh
in the program’s economic assessment.

The dynamio programming'operator hés a form of a formula
‘enabling to caloulate the weipghed average of eVPenditurqa
oocuring in the criterion-function or of effeots agsoolated
with the_given'mine—Va:iants implementafion. The use of such
an operator allows to compare and seleot the besf mine design,
at first within the Varianf group /several development variants
of the same mine/ and subsequently, among adjacent mines
arranged in a matrix.

The mines are included in the optimum program until the mement
of meetlng the hard coal demand.

- If commitments of the investment capital or manpower sources
are the superior limitation, the optimiéation calculus is
carried on until the investment capital O manpover Sourees
run out. In this case, besldes the accruring output volume

~of collieries which are included in the optimum‘program, there
is printed the cumulative build-up of capital expenditures

or men-shifts which are related to the development of these

mines.
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The present method enables to ocarry out optimization in various
- arrangements. of mines, with the use of various bptimization
oriteria and limitations of the various target functions as

well as requirement variants,

After algorithms and software /in FORTRAN/ had been prepared,

- the initial calculation were carried out by means. of é Honywell
3200 computer and subseqguently, an Odra 1305 computer. The

' blook diagram showing these calculations is presented in

' Figu.‘t‘e 2'0

3. Operative results of the MOBAR method application

Besldes individual forecasts regarding the dévelopmént of
mines and the coal mining sector which themselves are élabo~
rations that f£ind practicaly use for various planning and
analytical works in the mining industry, the worked out opti-
mized programs for the coal mining industry were a substan-
tial additional achievement of the.applied MOBAR method.

The optimization calculations were carried out, assuming:

-~ three different optimization oriteria,_i.e.; minimum pro=-
duction cost /without débreoiétion/, minimum unit capital
cost and maximum labour productivity,

= three different coal demand variants where ohe official
/Efrom the Ministra of Mining wvariant of the coal industry
capacity development by the year 2000 was included;

= a separate optimization program for coking coal and steam
coal output ocapacity developmént.

As a result'of'calculations, 18 various optimization programs

for coal industry development were obtained. The caloulations

résults were supported by means of a Gantt chart.
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Fach program has been described by a complete set of indilces
which are, optimal ones from the viewpoint of the optimua

criterion. They enable to make a mutual domparison of the

programs, and finally, to seleot the best one.
I'he Iindices whioch characterize the optimized programs may be
divided into two groups:

A _group of indices which characterize the mine-varianté:

= g most effective variant of developmeﬁt of avmine /frbm the
viewpoint of the whole sector/ and its lead time

= the year of finishing exploitation in the existing mines
that have shortly depleting coal reserves of lower = in |
comparison with otﬁer mines = profitability of coal producé
tion |

= number, sequence and the year of beginning the construotion
0& coal mines located on the perspective areas,

= the years of attaining initial coal output and Planned

production capacity.

A group of indices which characterize the coal vector:

- total éoal output of mines which take. part in the optimi-
zed program;. v

- surplus or deficit of total coal output 1in relation to the
coal demand variant;
the wpkuv\aLed

- mit cost /w1thout depreciation/ of ooal production

the—ef%&miﬁed -the unit oapital cost /per one ton of coal
output/ and labour productivity;

- global capital expenditures of the coal minlné seotor;
- the average unit cost of coal droduction,
. =~ the average selllng price predicted on the basis of the

coal production cost.
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The limited range of this paper does not allow to discuss

all- results of calculations, thus only thesé results have

been presented here which are direotly related to the applied

optimizatidh criteria for steaﬁ coai. The resﬁlés éouié~5e

introduced in a special table. The could be built in the follow-

ing arrangement: the demand variant, the optimization criterion,

numerical value of the index which acts as an optimization cri-

terion gives good oppo:tun;ties for results analysis.

The mos<T advantagéous indices in individual programs have been

mérked with a oontinuous border, and the worse indioces - with

a dotted border. |

The analysis of the data, created in.ﬁhe table, confirms, first

‘of all, the rightfulness of assumptions and the correctness

of oalculations carried out by the MOBAR method; for, in eight

out of nine ocases, which were taken intq acoount, the lowest

/in the minimum function/ or the highest /in the maximum funo-

tion/ valués of indices were obtained in those programs ﬁhere

the designgtion of an index was'oompatible with the designation

of the optimization criterion.

In other words the wost favourable values of indices are Found

eight times on the diagonal line in the table.

lloreover, the disoussed table shows thats

- the most favourable set of three indices - irrespeotive of

the demand variant - was obtalned when the minimum coal prb~

duotion cost was used as a oriterion, Wwhereby in the mazi-
mum demand variant, the prbbram which 1is prepared With
respect to this criterion is very wtrong;

- In the criterion of minimum capital expenditure per - ton

of coal, the obtained indices set is the least advantegous
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one; for in each case, -eae8 the remainder two not bptimized
indices are the highest/production costs/ or the lowest
/labouﬁ productivity/ | |
-~ the optimization results are‘mOSt evident when the oriterion
of miniﬁum capital expeﬂditure per 1 ton of coal is applied;
reduction of capital expenditure in the optimlznd programu
“With respect, to this criterion are oL an order of snveral or
more billion~zlotys in the particular S—yeqr intervals of the
probrams period.
' On the basis of the set of three quantities considered in the
course of optimization )produotion‘coats ~Mthout'depreoiuﬁiou'~
unit capital cost, labour produotivify/, a program may be iden-
tified which should be promoted for decision-taking on the
further coal output growthe This progyram has been marked inA
table 41 with a 6ontinuous border.
sumning up the.above oonsiderations,'ié has to be eﬁphasizea
that the results achicved by the HOBAR method are a very. help-~
- ful data set dor the coél mining industry. On the basis of
these data tpe main trends of th:s sector’ s development for the
-S=year period 1984~1985 und for the years abead have bern wor-~
‘ked outs Multioriterion and wulti-variant optimization hau
enabled to throw lignt from varlons sides upon the subjoct pro-
blem, has provided wide opportunities making choice by a per-—
son reﬁponﬁble for decision taking and has provided conditions
for = deepended analysis /partioularly - ecouomic analysié/,
its final purpose being the elazboration of mose atvantugcous
programs for the development of‘the hard coal indusfry Wdithin

a.long time interval.
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PFPIGURESY

FPigede llodel of the planning system with the mobile long

term plan for the coal mining industfy'

Fig.2. Block diagram showing the development optimization of

the cocal mining industry.
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EXPLORATION AND RESERVES ASSESSMENT
IN THE UK: THE OR CONTRIBUTION

M.J. Sadnicki
Operational Research Executive,
National Coal Board, UK

This paper has been prepared for the meeting of the "Planning for Planning"
Task Force Meeting to be held at the International Institute for Applied Systems
Analysis, 24 - 27th November 1980. It is intended as a discussion paper to
introduce the Reserves Assessment session, and as such has three purposes:-

(i) to review O.R. approaches currently used in this area in the U.K.
(ii) to indicate problems and problem areas encountered in such work
(iii) to provide a framework for ensuing discussion on the day.

The text of any final published paper may change in the light of such discussions.
The first section of the paper briefly reviews current U.K. exploration philosophy
as practised by Geology Branch of the National Ccal Board. The second introduces a
broad framework for analysing possible O0.R. contributions. Following secticns

give brief case studies of O0.R. projects worked in the last few years, placing them
within the framework established. The last summary section reviews this O.R.

contribution, indicating those areas where problems are still unsolved.

Any views expressed are those of the author and not necessarily *hose of the
National Coal Board.
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1. U.K. EXPLORATION AND RESERVES ASSESSMENT

Current U.K. exploration philosophy, described in (1), divides exploration
and reserves assessment for prospective new capacity into four phases:

Phase I Is there” any workable coal?
This is answered by one borehocle, which if positive gives an
indication of cost of access, depth and reserves density in the
target seams. From this can be derived an indication of the minimu.
area of such reserves needed to justify access.

Phase II Is the newly discovered coal bearing area sufficiently extensive?
A few boreholes are sited at the limits of the mining area
necessary to, give sufficient bulk reserves for mine viability.

Phase?fII Are the target seams sufficiently undisturbed to give the required
levels of productivity?
The exploration requirement here is infilling boreholes and seismic
lines on a ¥ to 1% mile grid, implying 15 to 25 boreholes in a
prospective take. If the answer is yes, initial selection of access
site and preliminary layout evaluation are possible.

Phase IV What constitutes '"enough” in detailed exploration to support a mine
plan to justify the capital required for the new sinking?
The requirement here is that quantity, type and disposition of
exploration which, together with the cost of insurance for lack of
information, and the cost of meeting the remaining expected but
unlocated disturbances makes the first ten to fifteen years of
planned production cheapest to mine.

A fifth phase comprises the "exploratory content of development work in the

mine once sunk" (2). This can vary in form from the implied exploration content

in development through to the explicit underground exploration of in-seam

seismology, long-hole drilling etc. The importance of this exploration phase

must not be forgotten. In all phases except the first, information is obtained about
the nature of the coal seam at a number of points. From this information, inferences
have to be drawn about the properties of the seam over the whole area of interest.

2. THE O.R. PROBLEM - A BROAD FRAMEWORK

The problem in analysing exploration within the context of the mining activity
has been suggested in the description of Phases III to V above. Overall, the
objective is to minimise, over the life of the workings, the sum of

(i) the costs of exploration

(ii) the costs of the spare capacity installed to cater for geological
uncertainty.

(iii) the operating costs that will be associated with geological disturbance
in eventual workings.

Increased expenditure in the second area will reduce costs in the third. Increased
expenditure in the first area may reduce costs in both the second and third areas.
The determination of the correct balance between the three areas of cost is a
tremendously complex problem. Even to establish a framework is difficult given

the rapid changes in exploration techniques and mining methods. However, in the
U.K. there has been considerable success in tackling sub-problems of the overall

minimisation, so that now at least a broad categorisation of problem area can be
attempted.
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For exploration and reserves assessment, two distinct questions can be
icdentified:

- What is the current knowledge from the current quantity of exploration, and
by how much would knowledge be increased by given extra exploration?

- What would be the value of the extra knowledge in terms of reducing current
or future costs in areas (ii) and (iii) above.

The first question can be asked for each type of exploration, for each property
of the coal measures on which that type of exploration is likely to provide
information. The second question can be asked for each relevant seam property.

Only when these questions are answered can problems of design of exploration be
tackled, in terms of either quantity, type or disposition.

A full treatment of the properties of the coal measures of interest can be
found in, for example, reference (3). For our purposes here, we must at least
divide the properties into two classes:

- those properties of the coal measures which are continuous:- e.g. thickness,
ash, calorific wvalue, sulphur content, chlorine content.

- those phenomena which are in their nature discontinuities in the ccal
measures:- e.g. faults, washouts, areas of weak roof.

The above gives rise to four distinct regions of problem, denoted
in the Table below. The rest of this paper containes examples of O.R. work in
exploration and reserves assessment, each case study being classified in one (or
possibly more) of these regions.

CONTINUOQUS
PROPERTIES

DISCONTINUITIES

Estimating current knowledge;
or the increase in knowledge ggf ég
associated with increased exploration

Estimating the value of the
knowledge in reducing the costs of Zr' é;
mining

3. ESTIMATION OF CONTINUQUS PROPERTIES GEOSTATISTICS o

Samples of geological variables such as the thickness of the coal seam cannot
necessarily be regarded as independent, and the probability model used must be
one which includes spatial correlations. Geostatistical methods, reputedly so
successful in the analysis of continuous ore deposits, have been suggested as
being appropriate to coal deposits.
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In the U.X. there have been several attempts to apply geostatistical approaches
to borehole data. Two separate analyses have been perfermed on ne% mine borehole
information, the first involving less than twenty boreholes, the second (4)
approximately forty. A third exercise studied a large number of measurements of
seam thickness at anexisting colliery. Thus the first two analyses used data from
phases II to IV of exploration, while the third concerned data from phase Y.

The investigaticns have thrown up a number of objectionsto the use of
geostatistics in U.K. coal exploration.

(a) The paucity of data in phases II to IV makes the estimation of the semi-
variograms unreliable. The data from one of the new mines did not fit the
theoretical model well; the parameters estimated from 14 boreholes changed radically
when information from 4 more boreholes was included. It has been asserted that about
50 boreholes are needed for adequate estimation, a number unlikely to be reached in
phases I to IV.

(b) The spatial behaviour of the new mine data can generally be described
adequately (for the purposes in hand) by much simpler models involving, at worst,
polynomial regression, or alternatively the methods described in Section S below.
The extra complication and computing requirements of the geostatistical approach
are not justified.

(c) The semivariograms plotted for the existing colliery showed very marked
anisotropy. The transformation required to render such data isotropic is a source
of inaccuracy, and its intuitive significance is not clear.

This feature of the existing colliery data carries a further implication.
The fact that semivariograms can vary significantly within the confines of a
single pit means that great caution would be needed in assuming the form of the
semivariogram at one part of a coalfield to be the same as at another. The possibilit
of augmenting the information about the semivariogram contained in phase I - IV data
by taking account of its behaviour elsewhere should be apprcached with care.

a. ESTIMATION OF CONTINUQUS PROPERTIES, : c‘.) ( bi>
' THE LOCATION OF .THE" NEXT BOREHOLES IN A CASE WITH A LOWER BOUND ON THICKNESS

The foregoing section has shown that the methods of geostatistics, insofar
as they are concerned with kriging are unlikely to find much application
in coal exploraticn in the U.K. This is not to say, however, that the modelling
technique on which the methods are based may not be useful. One particular study (5)
has indicated lines along which such a model could be used to help in deciding on
the distribution of boreholes in phases II and III exploration of a particular
coalfield.

The problem was that the seams in the particular coal measures concerned were
extremely variable in thickness, such variation including the minimum thickness
regarded as feasible for extraction. Thus more than usual, one of the most
important exploration objectives was to ensure that the seams were sufficiently
thick, throughout the area marked out for possible development, to ensure feasibi-
lity. Geoqlcgists felt that seams of a nearby coalfield, for which extensive data
were available, were likely to be similar in behaviour to those in question.
Analysis of data from the nearby cgalfield led to the conclusion that the semi-
variogram of seam thickness there could be adequately described by a lirear model.

It was agreed with the geologists that a suitable borehole strategy would be
to sink a few holes, widely spaced, to check that the behaviour of seam thickness
in the prospectdid indeed correspond to that in the neighbouring coalfield. After
that, points where there was the greatest risk of the seam becoming too thin were
identified, using a model in which seam thickness along the line between two

‘boreholes is a Brownian motion, ir order to determine the strategy for further
exploration.
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Thus, in specific instances where there is a risk of a particular property exceed-
ing a limit which'may affect the viability of the prospect, a strong 0.R. contri-
bution can be anticipated, both in assessing the risk that can be attached to
estimates from given exploration, and to assisting in the design of further:
exploration. Analogous problems would be situations where, for example, chlorine
or sulphur content are approaching an upper bound of acceptability.

5. ESTIMATION OF CONTINUOUS PROPERTIES <
GEOPLAN - A Computer system for reserves assessment

Whatever method is used to estimate seam behaviour, there remains the question
of how best to organise the data so as to assist efficiently in the early stages
of mine planning. The complete behaviour of target seams is best described by the
geologist's isopachyte mapg and it is an essential part of their task to update
these as new information and interpretations zrise. However, the length of time
required to produce isopachyte maps causes problems whenever it is necessary to
consider a range of different mining assumptions, especially if the seam behaviour
is complex. The maps are in any case not always the most convenient form in which
to present information. These two reasons mean that large amounts of the geologist's
time may be taken up in translating isopachyte information. into reserves and/or
output estimates.

To overccme the above problems, the Operational Research Executive and Mining
Department have developed a computer system, GEOPLAN, to assist the communication
of information between geologists and new mine planners.

For each borehole in each target seam, the thickness and ash content by
weight of each individual coal and dirt parting is input to the system. In
applicationswhere adjacent seams are sufficiently close that they may well be
mined in a single joint section, the thickness of the inter-seam parting is also
input. The geologist may 'amend' the borehole log on input to, for example,
amalgamate a series of very small partitions into one combined record.

The borehole entry for each seam is ccndensed in GEOPLAN to a record of total
coal section, total dirt section, average ash%, and chlorine%, if relevant. This
information is interpolafed to the centres of a square grid superimposed over the
prospect (usually a 1 km~ grid is employed). The valué estimated for each seam
for each grid-point is the weighted average of the records from the three nearest
boreholes in that seam,Weighting factors are proportional to the inverse square
of the distance between the grid point and the boreholes (ISD averaging).

Chlorine interpolations take into account any known correlations with depth.

The borehole mformation on qualities is reflected in the grid-square ash
maps, but the information on the location of the in-seam dirt bands is lost.
In certain applications this may be important if there is a possibility of working
reduced but significantly cleaner sections. In such cases the problem is overcome
by interpolating for a series of possible sections, for example from 1lm. to 3m. in
steps of 25 c¢ms, and retaining dirt and ash information for each possible section.

Before the geologist makes any use of the GEOPLAN data base, the maps are
validated by comparison with his latest interpretation. Some aspects of seam
behaviour are not well represented by ISD averaging ; seam splits for example
require more precise treatment. The geologist corrects the data base to his own
~interpretation by specifying dummy boreholes in key locations which will influence
interpolations in all nearby squares. As the planning process continues, and
interpretations change, the GEOPLAN data base is continually updated as necessary.



-117-

The strength of Geoplan lies in the ease with which the data base can be used
to provide revised estimates of reserves as mining assumptions change, as they are
bound to do many times in the early stages of prospect planning. Such use has a
direct impact on the vital choice of access sites. References (6) and (7) give
some examples of the intensive application of Geoplan in the planning of one
particular prospect, both in reserves and mine layout evaluation. The primary
Jjustification of the actual method of interpclation ,ISD averaging, is that in
all applications to date geologists have been readily satisfied with the seam
interpretations produced, without recourse to significant numbers of dummy
boreholes. A fuller comparison of ISD with other possible methods can be found
in (4).

6. EVALUATING THE EFFECT OF DISCONTINUOUS PROPERTIES ON FUTURE WORKINGS: GEOSIMPLAN

S

The Operational Research Executive and Geology Branch have developed an operational
gaming method to aid in choosing between strategies at any colliery, in the light of
geological uncertainty. The method, Geosimplan described in detail in for example
(8), has been used in the planning of some 50 collieries.

Alternative possible strategies for the colliery are determined in advance by
the colliery management, and tested against alternative geolcgical configurations,
"geologies'", which have been provided by the colliery geologist. Each geology is a
possible configuration that is consistent with such proved information as exists, and
contains projections ofunknown hazards which are consistent with observed distribu-
tion (frequency, size and orientation) in nearby workings.

At the start of the exercise the planner is informed only of those parts of
the geology, such as major:. faults, which are known beforehand. He then states
the initial strategy tobe evaluated, specifying resourcesand their development,
performance levels, and a skeleton layout design. The working of the scheme is
simulated by hand against one of the conjectural geolcgical maps over a period
covering 5 to 10 years of operations. The position of hazards is not revealed to
the planner until they are found by faces or roadways, whereupon he must decide
the future of the affected unit and, if necessary, redeploy resources and modify
the layout. In this way the flow ofinformation and sequence of decisions is as
it would bée in real life.

The final outcome is assessed in terms of key factors, commonly the level of
production and its variability, the required development in terms of yardage, and
the level of resources necessary to execute the plan. Each strategy can be tested
in this way against a number of conjectural geologies until the planner develops.
an understanding of whether the plan is sufficiently robust to withstand the
likely geological risks. .

Geosimplan does not necessarily find an optimal strategy but it does permit
decisions to be made on the basis of ccnsiderable synthetic operating experience.
For the planner it provides a broad layout for working, suggests resource
requirements and their deployment, and identifies key activities crucial to the
mine's development. In addition, as with other gaming exercises, the approach has
a learning value for the participants. The principal advantages of the approach
are first, the realistic way in which it reproduces the flow of geolcgical inform-
ation and the sequence of operating decisions at the mine, and second, the
flexibility of the technique which makes it so adaptable to the peculiarities of
individual mines.
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7. THE BENEFITS OF SURFACE SEISMOLOGY S, (B

In the early 1970's the National Coal Board successfully adapted surface
reflection seismic techniques to the special problems of identifying faults in
coal measures. By 1976 it was possible to identify faults of 5m. throw under
perfect seismic conditions. The problem became one of identifying those collieries
and prospects where the method should be applied. A seismic survey could, at a
cost, give information on the fault pattern that would be encountered in future

underground .workings. In what circumstances was the information worth the
expenditure?

The problem was tackled using the Geosimplan approach described in the
previous section. Again, the geologist prepared a number of alternative
geologies; and the potential results of a 'seismic survey' of each geology were

assembled. The colliery planner then prepared a number of mining strategies for
the colliery.

One strategy was the best current strategy, where no additional geological
information was available and the planner based his expectation on the most
likely interpretation to date. The other strategies were then individually
developed for each of the -alternative geologies and were based on the knowledge
that a seismic survey might yield.

The best current strategy was run against all the radically different geologies;
the other strategies were run against their respective geologies. Two distinct
strategies were therefore developed for each geology. In every case, those runs
with some "advance knowledge'" - given by the simulated seismic survey - gave better
results than those with no advance knowledge. The financial advantage of the seismic
information was then calculated and the cost of the survey taken into account to '
give an assessment of the return on the expenditure.

A full description of an exercise at one particular colliery is given in (9).
One. useful spin-off of that exercise was that the information gained from the
hand simulations as to the most critical areas where major faulting might seriously
affect the mine plans. This information was used in the design of the lattice
pattern of the seismic grid.

8. THE BENEFITS OF IN-SEAM SEISMOLOGY g <ﬁ£>

A very recent example where OR methods are beginning to make a strong contribu-
tion is that of the evaluation of the emerging exploration technique of in-seam
seismology. By definition, such exploration is concerned with phase v, when
workings are under way; but is nevertheless of relevance even in the planning of
new capacity in the sense that reserves assessments should take into account the
effect that the technology will have on future workings.

A series of such case studies are being performed to build up an understanding

of how the expected benefits of in-seam seimic will vary in different conditions.
This could be used in several ways.

(a) To estimate the likely national requirement.

(b) To provide guidelines for assessing individual potential
applications quickly.

(c) To throw light on the operating characteristics which should be
emphasised in the continuing development of the technology.
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S. ESTIMATING RECOVERABLE RESERVES y
FROM IN-SITU COAL 0é} g/ 6"’ 6

This vital question has been deliberately left till last since it cannot be
tackled without consideration of all the problems discussed in previous sections.
The mechanism by which O.R. has contributed in the U.K. to this question is at
thefirst level through the development of the Geoplan system described in Section
5. The Table below shows a possible Geoplan summary of the total recoverable
reserves contained within each square and each seam, under a particular set of
assumptions.

m. Tonnes

Coal in place

Losses 1n boundaries

For known geology

Inaccessible sections (too close to main extraction)
Surface support pillars (explicit)

Layout support pillars

Minimum section cut-off

Quality cut-off

Roof coal

Floor coal

[ o Y S R S N S N S R SRl NS |
W 0O N O O B W M ==

Additioﬁal floor coal (due to limits on maximum
- extraction)

(S
(@]

Inaccessible areas

[
—

Geological/operational losses le

Recoverable reserves C, = Cl —:E L

Estimated % extraction Cc./C

Thus a series of deductions in either working section or plan area of working
are made to the coal in place estimate. From the point of view of the final
recoverable reserves estimate, the ordering of the deductions is a matter of
presentation only. (For other more specific questions, it becomes essentizl
to choose an order appropriate to the question). The final calculation of
recoverable reserves requires a conversion factor to convert to equivalent
saleable, and this requires a knowledge of the quality of the precise coal
teing considered after all the deductions have been made.
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At a second level there is a deeper 0.R. contribution. The case studies that
have been described, together with other continuing 0.R. work not covered in this
paper, all contribute to the understanding of what deductions should be applied
in each loss category. Further, they contribute to the vital question of how
those deductions might change in the light of economic considerations, changes
in mining technology, and changes in the technology of exploration itself.

10. SUMMARY OF PROBLEMS AND PROBLEM AREAS

This paper has shown how the balance of U.K. OR work in reserves assessment
is heavily influenced by N.C.B. management needs, which are themselves partly
governed by the nature of the coal seams themselves. This has meant a high
level of successful effort on problems concerned with how discontinuous seam
properties are likely to affect future workings, and how beneficial increased
knowledge is likely to be. On the other hand, with the exception of one single
surface seismic study the O.R. contribution into how such knowledge is gained
has been limited to the statistical analysis of worked areas; the development of
surface seismic techniques and the design of seismic grids has been percelved
as a geotechnical problem.

Some contribution might be made, however, to the technical development of in-seam
seismic, in that 0.R. work may indicate the technical goals which are most
worthwhile.

With berehole exploration, typical U.K. borehole density has 'militated
against sophisticated estimation of continuous seam properties. Only in the
case outlined in section 4 has there been a significant contribution to
exploration design. In most prospects, once phaselIl -IIT exploraticn is
successful ,emphasis switches away from reducing the uncertainty of seam thick-
ness estimates, again reflecting the concern with seam disturbances. In any case,
it is difficult to determine how reducing such uncertainty can be reflected in
reduced costs. Thus, we have no analytical approach to analyse the question of
why the borehole density is at the level it is, and why it is different in other
countries. We have no established analysis framework if:asked where the next
borehole should be sunk in a partially explored prospect.

Nevertheless, the 0.R. contribution to reserves assessment in recent years is
strong, in particular in the key area of providing models which will link the work
of the separate specialisms of Geology and Mining Engineers. Emphasis has been
placed on uncertainties of mining technologies arld mining alternatives in the
given seams, and how these uncertainties affec¢t reseérves assessment. We believe
that, even with a relatively sparse borehole density, analysis of these uncertain-
ties is the most crucial in determining the key decigsions of size of mine and
choice of access.
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PLANNING FOR PLANNING TASK FORCE MEETING
OR AND SA IN NEW CAPACITY PLANNING

THE EFFECT OF INTERRELATIONS AND
UNCERTAINTY ON THE MINING STRATEGY

M.W. Hancock

l. General Comments

In a problem area as wide-ranging as new capacity planning it is
inevitable that the total problem area should be broken down
into a number of smaller problem areas, or sub-problems, in
order that each of these can be more fully examined. These
sub-problems might be exploration, the assessment of reserves,
layout assessment, manpower planning, coal preparation and
marketing, surface facilities and transport. Any OR exercise
would be incomplete, however, without the recognition and
logical demonstration of how these sub-problems inter-relate
and directly influence each other and therefore the shape of
the project as a whole.

The strength of these inter-relationships and the extent to which
one sub-problem is constrained by another are not easily identified.
The impact of uncertainty only serves to make analysis even more
difficult. Uncertainty is, of course, a natural characteristic

of coal mining and presents a constant challenge to engineers and
analysts alike, but uncertainty is much greater in the particular
field of new capacity planning where data is so much more limited
and the planning horizon is so long.

This paper is concerned with the subjects of inter-relationships

and uncertainty and their effect on the mining strategy in the field
of new capacity planning. It makes reference to some of the work
undertaken in these fields by the Operational Research Executive of
the National Coal Board, United Kingdom. The paper leaves many
questions unanswered because although much useful work has been done
over the last few years there remain many problems to be overcome. It
is likely that questions of inter-relationships, uncertainty and risk
will present a challenge to OR Scientists and Systems Analysts for
some time to come.
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2. Identifying Inter-relationships

It is important at all stages of the planning process to recognise that the
facts, data and assumptions gathered or made about some part of the plan
invariably influence other aspects of the total plan. Hence the likely
recoverable reserves may influence or be influenced by the mining method
which in turn may be influenced by the availability of manpower or
technological advances. Such connections as these may seem obvious but it
is often a temptation to alter one aspect of the strategy without

examining the consequences on other aspects. This is more likely to

happen when the different sub-problems lie within different specialities.

The Operational Research Executive have developed some models to enable

the effects of changes to estimates and assumptions to be gquickly assessed.
Two examples are briefly outlined: the first is concerned with the
inter-relationship between reserves and mining method, and the second
between mining method and manpower requirements.

The Geoplan system summarises the size, distribution and quality

of reserves but can also be used to examine the link between reserves
and mining strategy. This second half of the Geoplan system enables
any proposed underground layout to be assessed, given the distribution
of reserves by quantity and quality, or, could be used to re-assess

a given underground layout if reserves are recalculated, perhaps from
more borehole information. Segquences of panels, machine-shifting
patterns and assumptions on face advance are input to a computer
program which calculates how the faces and sequences advance, year

by year, through the grid square summary of reserves distribution.

In this way, annual estimates of output and quality from each face
can be produced. These are summed, together with calculations of
separate dirt production to give estimates of colliery run of mine
guantity and quality year by year. If the run of mine forecasts are
not satisfactory from the chosen mining layout (for example, there may
be a few consecutive years with consistently high ash or consistently
low output), a change can be made to the input of the mining layout,
or the machine-shifting pattern, to improve the balance between
production from the different areas of the take. Alternatively,
fresh information on the likely distribution of the reserves can be
used to check the suitability of the previously-preferred mining
strategy.

A second example is provided by a model developed by the Operational
Research Executive to link manpower regquirements and the mining
strategy. This computer model uses information on face and layout
parameters to calculate manpower requirements and productivity. As

the mining plan is revised, so the model can speedily summarise the
consequences on manpower needs. These revisions may involve changes to
face design, layout design, manning patterns, development patterns or
advance rates all of which are input to the model. Alternatively, the
model may be used in reverse to examine the consequences on output as
layout parameters change, given a constant manpower availability.

These models aid the analysis of the interaction between different
sub-problems. The figure below illustrates the inter-relationships
that are likely to exist in new capacity planning.
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Figure 1 - Inter-relationships of Sub-Problems

The recognition of these connections and, therefore, the need to examine
changes to the total plan from changes to one part of it, is not

sufficient in itself for the strength of these relationships should also be
appreciated. 1t may be, for instance, that the mining and layout plan will
be independent of the extent and distribution of reserves, at least within
a fairly broad band. The dependence of the preferred mining plan on having
sufficient manpower of the right skills and experience may, on the other
hand, be far stronger. Where the inter-relationships are stronger will,

of course, vary from prospect to prospect, but their strength should be
identified to understand how much uncertainty or risk can be tolerated

in each part of the total planning project before it affects the project

as a whole. The next section of this paper is concerned with uncertainty,
not solely within sub-problem area, but also on how uncertainty in one

of these areas may effect the overall project.

3. The Effect of Uncertainty

Much of the work of the Operational Research Executive in the field

of new capacity planning has concentrated on encouraging the use of
analysis and models right from the very early stages of planning, even
when there is paucity of data, and to refine analysis as more information
becomes available. This means that potential problems can be quickly
identified but carries with it the danger that assumptions and estimates,
intended to be no more than that, take on a meaning which bears no
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relationship to the crude data on which they were based. The first point
to make about uncertainty, therefore, is to recognise that it exists and
that much of it will never be removed. 1Inevitably, at some point in the
planning process, there will be the need to use central estimates but
these should not be treated as exactitudes, at least not without proper
understanding of the effect of so doing.

The existence of uncertainty does not preclude effective planning,
although it does serve to make the task more demanding. Indeed, it may
often be the case that uncertainty within particular features of the plan
are of no importance and an important task is simply to identify where
uncertainty may be more easily tolerated. Even at an early stage in
planning, it is sometimes possible to identify the important components
of the plan which may constrain the plan as a whole. These constraints
may be capable of being relaxed at a cost (coal quality by spending more
on coal preparation) or fixed (total reserves) but in either case it is
important to reduce the uncertainty concerning these, since the plan as
a whole is limited by them. Figure 2 illustrates the effect of being
restricted by manpower availability, and the importance, therefore, of
reducing the uncertainty surrounding any estimate.

Uncertainty within one of these sub-problem areas and its effects on other
areas may be effectively explored through the use of simple sensitivity
analysis. The model which links manpower requirements and mining strategy
was described earlier and this can be used, along with other such models,

/ Method

Geology

of Reserves
Working Cual
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Layout
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Availability pover

Reaquirements

Figure 2 - The Effect of Manpower Shortages
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to highlight the sensitive or critical areas of a plan. The example
tabulated below, on the effect on manpower requirements of changing
mining assumptions, clearly illustrates that some features of the plan
are more critical than others in their effect on manpower needs. It is
these features where efforts should be made to reduce uncertainty.

Figure 3 - Manpower Requirements : The Effect of Changing Mining Assumptions

Factor Assumed Value Effect on Total Manpower
of a change of + 10%
Total Saleable Required 7 m tons +413
Coal From Developments Ce3 m tons - 18
Extraction Zeizht 2 m =358
Web Depth 0.61 m -266
Face Length 240 m =350
Panel Run 1200 m - 27
Retreat % ' 67% - 16
Face Vend 82.5% =359
Strips/Shift - Retreat 2.75 «175
Strips/Shift - Advance 2.25 =102
Face Development Advance)Rate 4,57 m/day - 93
Shifts/Retreat Face . . 22 +182
Shifts/Advance Face ) 1nclud}n$ 27 +110
Shifts/Development Team ) SUPeTVision 4 +103
Shifts/Man Year (inc. Overtime) 212 =359
Overtime % 15% + 52

One of the attractions of sensitivity analysis of this form lies in its
simplicity - once a model has been devised and tested which accurately
links different sub-models, it is an easy matter to clearly and
concisely demonstrate the relative importance of accuracy of the
different components. 1Its limitation is that it does not indicate

the likelihood of any of the factors changing by a certain percentage.
Full risk analysis however, takes account of these likelihoods and
enables the robustness of the project as a whole to be tested. 1In
such analyses, the Operational Research Executive have used money as
the unit of measurement - not necessarily because profitability or
return-on-capaital are the sole basis for assessment - but because it
is convenient to express the various factors in terms of one common
unit. Full risk analysis gives management a complete summary of

the confidence that can be attached to particular outcomes for a

given project but the full potential lies when different options

are compared. Depending on management's attitude to risk, it is
possible that the consequent decisions taken may be completely
different from those that would have been taken conventionally.

Having identified where uncertainty is greatest and where uncertainty
matters most, it often falls on management and engineers to decide
how to most effectively reduce the uncertainty. Bere too, however,
there is potentially a large role for the OR Scientist or Systems
Analyst in advising how resources - money and time - can be best
deployed. The research of the Operational Research Executive in this
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field is somewhat fragmented and much work remains to be done., Studies
have been undertaken on such matters as borehole spacing, on the
benefits of seismic exploration, the factors influencing manpower
wastage rates (and therefore recruitment needs) and the assessment

of investment 1in new technologies, but much of this work is at

an early stage. In the UK at least, this is a problem-area where

many questions remain to be answered.

Inevitably, uncertainty can only be reduced and never removed:
there will remain a level of unavoidable uncertainty. In order to
test how robust a plan is likely to be, the Operational Research
Executive have developed a number of approaches which rely
extensively on simulation: three of these are described below.

The first of these, Geosimplan, is concerned with the uncertainty

about the location of geolegical hazards in the coal measures and

their effect on the mining layout strategy. These hazard-faults,
washouts or broken ground - may be too small to be detected from
surface exploration but large enough to cause producing coal faces

to be halted unexpectedly, resulting in serious financial consegquences.
This risk may be reduced in several ways, but these methods of risk
reduction (spare face capacity, exploratory tunnelling, in-seam seismic)
are themselves expensive. Geosimplan was developed with Geology Branch
of the National Coal Board to help to overcome the problems of imperfect
geological knowledge by testing the chosen strategy, or alternative
strategies, against the likely geoclogical intensity. The strategies
are evaluated by simulating their operation (by hand) against patterns
of geological hazards, produced on the basis of information gained

from exploration and (if they exist) from surrounding coalfields.

A manager acts as a decision-maker in this process, the nature

of 'future' geology being unknown to him until hazards are encountered
by faces or roadways. Deficiencies in any strategy can thus be
identified and the strategy modified and re-tested. The features of
the strategy of most interest will vary from site to site but
invariably include the number and concentration of faces to achieve

a desired output and the balance of resources between development and
production.

In contrast to the hand-simulation approach of Geosimplan, a series

of large and complex computer models have been developed tc assist

in coal clearance planning and design. These models, SIMBELT and
SIMBUNK, simulate the production of coal at the ccal face, its movement
underground to the pit bottom and its passage to the surface via the
shaft or drift. They take into account variabilities in coal flow and
interaction between coal faces, and hence demonstrate where bunkers will
be required to smooth flow, and what the capacity underground belts and
bunkers should be. The models have been further developed to handle
problems of dirt control, through underground separation of the mineral,
and to test sophisticated systems of central belt and bunker control
made possible by recent technological advances.

Finally, a further illustration of the use of simulation is provided
by the models developed to analyse surface facilities. Unlike the
problems associated with the movement of coal underground, the surface
problem is typically concerned not only with variability of flow but
also variability in quality. Models have therefore been developed

to examine homogenising, blending and washing facilities to ensure
that these facilities can cater for the likely variability in quality
and gquantity at the minimum cost.
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4. Summary

This paper is concerned with inter-relationships and uncertainty in new
capacity planning; it is not intended to be a definitive statement of how
such problems should be tackled, although it summarises some of the
approaches used by Operational Research Executive of the United Kingdom.
The main arguments developed are:

(1)

(ii)

(iii)

(iv)

(v)

(vi)

Inter-relationships should not be ignored - it is important to
logically follow through the conseguences for the plan as a whole
of making changes to one part of it.

One way of doing this is to develop models which link sub-problem
areas, and to promote their continued use as more information
becomes available.

Uncertainty is inevitable in new capacity planning, but the level
of uncertainty that can be tolerated will not be the same across
all aspects of the planning strategy.

Sensitivity analysis is a simple but powerful way of identifying
the consequences of different levels of uncertainty within each
sub-problem and between sub-problems. Later, full risk analysis
can be used to assess the project as a whole.

It is important to identify where efforts should be made to
reduce uncertainty. There is potentially a large contribution
to be made by OR Scientists and Systems Analysts in advising
how this uncertainty may be most effectively reduced.

Some uncertainty is unavoidable - one way of testing the robustness
of the plan to the risks inherent in new capacity planning is to
use simulation models to examine what insurance is necessary and
what risks ~an be carried.
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NEW MINES PLANNING AND THE ASSESSMENT
OF ENVIRONMENTAL FACTORS

E.J. Allett*

Introduction

Increasing public awareness of environmental issues has put great pressures
on developers to demonstrate that their new projects are environmentally
acceptable. In the USA there is a statutory requirement on develoyers to meske
environmental impact statements about any provosed new vroject. There may soon
be a similar requirement Ior large vrojects by developers in the menber states
of the ZEC. Although there is no legal requirement to do so in the UK, the
lational Coal Board (NCB) along with some other developers zroduce a description

of the possible environmental impacts of major srojects such as new nmines.

In order to anticipate and if ?ossible avoid environnental problams, the
developer needs to consider the environmental factors through every stage of
planning a project. For example, the zurpose of the IiC3's feasibility study
is to decide whether to proceed with the planning of a new mine. During this
study the Board consider the broad environmental characteristics of the prospzct
and their »ossible influence on the vroject. After the feasibility study,
detailed planning of the vproposed project can begin and environmental impacts
considered in greater devth. At any stage of planning, decisions have to be
made which are influenced by environmental factors. Studies to help provice
the answers should obviously be tailored to the particular decisions but they

will generally involve the following steps:

*The author is employed in the Operational Research
Executive of the UK's National Coal Board. It must
be emphasised however that the views expressed are
those of the author and not necessarily those of the
National Ccal Board.
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1. The identification of those environmental impacts which have a bearing

on the decision and the measurement of them in some aporoprizte manner.

o]
t
O
o
4]

2. An assessment of the impacts and of their effect on the decisio

made.

leither step is easy but the second can be particularly difficult. Tais
is due to the fact that some impacts are of a highiy subjective noture and that

trade-offs have to be made between factors which are not measured on the zaze

scale.

In the next section of this paper, some of the difficulties of identification
and measurement are discussed with reference to the use of impact matrices.
In the third section the sieve technique is described. This has been used by
the NCB to help locate mines in a new vrosvect. It provideé‘an example of how
the particular difficulties of assessing the effect of environmental impacts

were overcome for the site selection problem.

The Jdentification and leasurement of Impacts ~ Impact Matrices

"The first task is to identify all the impacts which might have a significant
influence on the decision to be made. This is not a trivial task, especially

for such a large and complex development as a new deep coal mine.

Impact matrices can provide a useful checklist for identifying all the

impacts that a new mine may have on the environment. They are commonly used

Y

as a framework for making Znvironmental Impact Statements in the US4. TFigure
shows an attempt at oroducing an environmental impact matrix for a new dee» coal
mine. The rows represent the activities which will take place during the life
of a colliery and the columns represent the environmental characteristics of the
area around the mine. ‘here an activity is likely to interact with an
envircnmental characteristic a cross is marked in the anpronriate box. For
example, the recruitment of men for a new mine is an activity. This may have
beneficial or adverse impacts on the local employment, the housing or the
community services situations, depending on the characteristics of the particular
locality.

The activities can be divided according to whether they occur before, during
or after operation of the mine. They can also be divided into those activities
carried out by the developer and those spin-off or secondary activities which
are a necessary part of the project but which are usually carried out by somzone

other than the developer.
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Indeed all activities can be regarded as being spin-offs from the fundamental
activity of extracting coal from uader the ground. They can be imagined as
branching trees of activities, any one of which may have associated envirommental
impacts. There are many possible ways of listing the activities but since it
is done only to help identify impacts, it does not matter which way is chosen
provided that all the impacts are identified.

Consider another, perhaps less obvious, example. Subsidence, though not
usually called an activity must not be considered to be an impact. If it is,
then some real impacts, namely the possible changes in the landscape and the
hydrological characteristics, the possible consequential changes in land use
and ecological features and the possible damage to surface structures, might
be missed. Also, as in the example of recruiting the men for a new mine, the
predicted amount of subsidence on its own does not tell us whether the impacts
are beneficial or adverse - the predictions have to be applied in the local

context. ' |

The impact matrix illustratesthe fact that impacts occur because of interactio:
between the project and the environment. Similarly, the size of the impactis,
as the subsidence example shows, depends upon both the project and the local
environment. In general, the activity giving rise to the impact (e.g. the
number of men recruited, the amount of subsidence) is first estimated for the
particular project and the result is a§plied in the particular local context.
A relatively straightforward example is that of noise intrusion. The sources
of noise associated with the mine are identified and their size estimated, using
standard measuring techniques. The number of affected people is estimated, based
on the local demography and tovography. The size of the impact is then assessed
by reference to widely accepted levels of accentability for noise. Yisual
intrusion is far more difficult to measure. The dimensions and design of the
mine may be known in great detail amd it is fairly straightforwerd to estimszte
the number of people who can see the mine, but the size of the impact cdevends on
people's reaction to what they see and there is no widely accepted scale of

measurement that can be used to measure this - nor perhaps can there ever be.

Other difficulties arise with the generazl approach for measuring impacts
described above, when the links between activities and imwactis are not properly
understood. Taking an example from coal utilisation, the relationships between
sulphur dioxide and particulate emissions and various detrimental impacts are
barely understood let alone guantified. For this reason it is difficult to
see how the impacts can be measured. In fact what happens is that standards
are imposed on the level of the activity rather than the impact, and the question

of the link between them is avoided,
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We have observed then that there are a variety of problems associzated with

measuring environmental impzcts. The state of the art dces not have an anzwer
to 211 of them, but as the npressures for environmental impzct assessnents

increase so do the efforts to find acceptable ways of measurinz 21l impacis.

Assessment of Impacts - Sieve Analysis

When choosing a strategy for exploiting a new prospect, oprobably the
single most important decision affecting the size of the impécts on the
environment, is that of selecting the mine site(s). The problem of finding
the best site can be broken down into two stages. Firstly, areas are identified
in the prospect which might contain several suitable sites. These areas are
chosen using both underground mining and surface criteria. Secondly, the
precise sites are chosen, possibly with the co-operation of local groups

affected by the decision.

Sieve analysis is a technique for reconciling the mining and environmental
factors when choosing the areas for later scrutiny. It proceeds by identifying
the relevant criteria or factors, dividing the prospect up into a grid of say
one kilometer squares and giving a code to each factor in each square. The
grid of codes for a factor is called a.sieve. By adding the codes up, a total
score is produced which gives an indication of the relative suitability of eacn
square for siting a mine. in impressive visual presentation of the results
can be made by assigning different shades of grey to the codes and shining light
through superimposed slides of the sieves. The more suitable sgquares show up

lighter on the screen {see Figure 2).

The technique is tailored to the specific problem of identifying the more
suitable areas within the prospect: It only considers those factors which have
a bearing on the preferred location of a mine. Figure 3 lists the factors used
in an application of the technigque to the NCRB's lorth Dast Leicestershire

Prospect, and describes the criteria used for coding them.

The factors were carefully chosen to cover 2ll the relevant impacts, yet
keep the measurement and coding task simple. This is necessary because the
exercise is normally being carried out at a very early stage of planning, perhavs’
even before the developer has decided whether the project is financially
attractive. In these circumstances it could be a large waste of effort to do
detailed studies of the whole prospect at that stage. For examnle notics that
there is no sieve representing the imvact of noise from the mine, yet clearly

it is a factor which somehow should be taken into account. i detailed survey
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could be made of the whole prospect by assuming the mine to be sited in each grid
square and measuring the noise impact. Alternatively, the imvact could be
estimated by counting the number of peovle within a certain distance of each

grid square.

Zven this would involve considerable effort so a sieve was introduced which
simply reflects a preference for siting the mine away from vonulstion centres.

The same sieve represents to some extent the dust and visual intrusion factors.

The method of adding the effects of the factors could bé criticised for
being too simple. The results are very sensitive to the choice of coding
system and the method does not recognise that some factors are nore important
than others. The technique could be modified to cover some of these criticises
but only at the expense of making it more complicated. Eowever, as argued
in the previous paragraph, too much sophistication at such an early stage of

planning could be wasteful.

Since there is no absolutely correct answer to the problem of choosing a
mine site, nq technique however complicated can find ift. Nevertheless, the
problem has to be solved and this is usually done by debate. The sieve
technique can certainly help direct and inform that debate by providing a
framework, which identifies the significant factors, and a set of bdasic

information.

Conclusions

Develovers are finding that environmental factors must be taken into account
in an increasing proportion of the decisions that they make. Studies to helo
do this will usually involve ident%fying and in some way measuring the relevsnt
factors and then performing an assessment of their effect on the decision to be

made. Each study must be carefully tailored to the oroblem,

In this paper we have highlighted some of the difficulties in carrying cut
such studies and referred to two techniques which have been used to overcone
them. There is. one fundamental difficulty that can never be overcome howevsr,
and that is the highly subjective and emotive nature of environmental issues.
The author believes that CR must stop short of trying to produce 'correct
answers" and be satisfied with providing better data and a framework for

structuring the debate.
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Figure 1
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Figure 3 Table of Sieves used for the NCB's North East Leicestershire Pros»ect
Factor Description

Road access

Rail access

Services
Ground slope
Vegetation and

wildlife habitat

Agricultural land
.potential

Low land capability
Proxiaity to
settlements
Landscape quality

Statutory
designations

Three code values reflecting accessibility for miners from
the main population centres around the prospect.

Two code values reflecting the approximate cost of
providing rail connections to the new mine. Areas within
2°5 km. of the rail network are preferred.

A map showing the position of electricity lines and oil
and gas pipelines.

Areas of the prospect with slopes greater than one in 25
would need more ground preparation before construction.

Avoid areas more suitable for wildlife such as woodlands,
wasteland and watercourses.

Avoid the better agricultural land.
Avoid areas with little soil, where tip restoration or
site preparation could be more difficult.

Avoid mine buildings within 1 km. or tip construction within
0°S km. of centres of porulatiorn.

Avoid area of relatively high landscave quality.

Aim to keep the mine away from conservation areas or sites
of special scientific interest.
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SYSTEMS APPROACH TO COAL INDUSTRY
DEVELOPMENT ANALYSIS AND FORECASTS

L.A. Kaforin
V.B. Moskvin

The coal industry of the USSR has been rapidly meeting ever
increasing needs of the national economy in so0lid fuel and feed=-
stock for the metalluxngy. Coal output in the USSR increased from
624.,1 million tons of run-of-mine coal in 1970 to 718.7 million
tons in 1979, Over the same period the share of open cast coal
mining expanded from 26,7 to 36,0 per cent. The technical level
of production has been improved, percentage of coal ountput from
fully mechanized coal faces in seams dipping to 3590 increased
from 29.9 to 72,3 per cent, the level of mechanized loading of
coal and stone in driving development headings reached 80.8 per
cent in 1970,

At open cast mines over 40 per cent of coal output
are produced with highly efficient bucket wheel excavators.

Coal ,output increaze over the same period has been totally
acheived due to productivity improvements and substantial reduc-
tion of manpower.

Euture development and improvements in production efficiency
in th; coal industry alongside with the expansion of productive
capacities based on new construction projects, reconstruction and
technical reequipment are closely connected with the necessity to
improve the utilization of production potentials,.
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Under such conditions an important tool is the systems aé%y—
sis of the coal industry development the main aims of which are
the following:

- study of development trends;

- detailed study of production and economic results obtai-

ned at production units and mines;

- study of causes of deviation of actual results from plan
targets;

- investigation and qualitative assessment of impacts exer—
ted by natural, engineering , organizing and social fac-
tors on final indices of the coal industry and its subdi-
visions,. Russian

The theory of technical and economicanalysis inTmining is
based on investigations carried out at the beginning of the 19th
century by B.Il.Bokiy, a mining engineer and an outstarnding scien-
tist. It were those studies that marked the introduction of pro-
duction analysis methods in mininé@ased on econometric simulation
models.

The trend in techmical and economic analysis discovered by

B.I.Bbkiy was further revealed in works written by prominent
Soviet scientists, such as L.D.Shevyakov, A.S.Popov, P.Z.Zvyagin,
M,I.Agoshkov, A.M.Kurnosov, etc.

Computers have become a new impetus for the development of
this trend in analysis. Computers made it possible to change over
from econometric models with one to five independemt wvariables to
models dimensions of which are measured by dozens and hdﬁreds of
variables, In such conditions the level of the systems nature of
analytical studies has been considerably improved.

Th%&omplete systems nature of analysis in the coal is stipu-
lated by the appporiate organization of analytical work in which
practically all subdivisions, taking into account the competency
of each of them, take part in the analysis of the results obtained
by enterprises, production units and the industry as a whole.

For instance, within the major departments of the USSR Mini-
stry of the Coal Industry Headguarters special divisions to ana-
lyze the availability of mining mashinery and equipment and pro-
ductive capacities and a section for summary analysis have been
set up, in the other departments analysis problems are tackled by
the most qualified specialists particularly appointed for this
purpose,
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In production units, branches for analysing production and
economic activities have been formed and the procedure of enlis-
ting production and technical services has been outlined.

In some of the production units analytical work is based
on activity networks in which analysis tasks, sequence and terms
of solution are determined.

In addition to organizing measures, the systems nature of
analysis in the coal industry is also ensured by including prac—
tically all spheres of ppoductive and economic activities
which are closely interconnected and imtegrated.

At the Ministry Headquarters and production unit levels
main trends in revealing potentials , which are takemn into account
while performing the analysis, have been outlined, these are as
follows:

- main technical and economic indices for every quarter and
year(summary complete analysis),

- fulfillment of the coal output plans as for mining methods,
coal types and grades K and mining and technical targets;

- utilization of productive capacities at underground and
open~-cast mines and coal preparation plants;

- fulfillment of plans for coal preparatisn and coal quality;

= fulfillment of plans for products realization;

- introduction of advanced technology, mechanization and
automation of production ;

- operatoifn and utilization of the major mining mashinery
and equipment;

- fulfillment of plans for productivity and impacts fof
technological progress on productivity improvements;

- expenses from the wages fund; formation and utilization of
economic incentive funds;

- dissimination and efficiency of the advanced experience;

- utilization of major funds;
fulfillment of plans for production costs and profits;

- utilization of coal reserves;

- manpower deployment;

- technical and economic indices of capital comstruction .

Alongside with the above mentioned major subjects, the analy-
sis sections at the production units tackled the following problems:
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- performance data obtained at high-output coal faces,
analysis of delay causes, fulfilling the schedule of developing
and commigioning cogl faces; mechanization of ancillary operations
- directors for production take part in this work;

- introduction of technological layout data at completely
mechanized coal faces; improvements in coal getting technology,
fulfillment of plans for development operations - technical di-
rectors take part; directors for economics take part in: - status
and utilization of turnover capital, assessment of economic conse-
quences of non-fulfilling the plan for major production indices;
fulfilling work quata targets;

- central accoumting office staff take part in: - detailed
analysis of operating costs on separate elements;

- staff under the chief mechanical enginner takes part in: -
- analysis of causes of exceeding consumption of electric power
and fuel; conditions of planned preventive maintenance, etc.

Research Institute&%ake an active part in technical and eco~
nomic analysis of enterprises operation in the coal industry;

these Institutes carry out appropriate studies according to a

common coordinating plan under the guidance of the central coal-
industry Institute for economics (TSNIEIugol).

For the sake of extending the analysis and use of comprehensive
report information, computers and computer methods are being appli-
ed on a wide scale.

In the compuéer centers under the Mininstry of the Coal
Industry of the USSR and production units a wide range of problems
on the following major subsystems of the coal industry automated
system of management control are being tackled under the guidance
of the special Instituts for lJanagement:

- technical and economic planning;

- planningj,accounts and analysis of wages and salaries;

- payments for coal;

-~ operational accounts and contreél of main production technology;

- purchasing and stores;

- planning and deployment of personnel;

- accounting;

= control of products quality;

= control of capital comstruction and coal mining machinery
engineering, etc.
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A considerable proportion of problems of accounting nature
and the results obtained on the basis of such problems, extensive
systemized reports are a reliable basis for extended amnalysis of
production and economic data,

Analysis is based on extencive state statistical reports at
all levels of management, In addition to these, presentation of a
system of operational reports has been organized according to the
instructions issued by the Ministry of the Coal Industry of the
USSR which fully reflects current results obtained at ..sach enter=
prise and production unit,

According to periodicity of presentation, operational reports
are divided into daily, weekly, decade, monthly, guarterly, and
balf-yearly reports.

Every day production units present to the Ministry Headquarters
data on fulfillment planned targets for coal output and treatment,
causes of deviations from planned figures.

Weekly reports contain data on manpower number and deployment
in main operations, coal reserves available for open cast mining,
volume of overburden removed, data on fully mechanized coal faces
of collieries,

Monthly operational reports contain the most detailed infor-
mation on operatiom of each production unit, i.e. mining and eco-
nomic data,

Every quarter coal production units present data on fulfilling
job quotas, wages and salaries, fulfilling organizing and technical
measures on fuel and electric power savings, operation of railway
transport, development of capital construction.

To provide operational management control of productive acti-
vities on the basis of statistical and operatioral repords the Coal
Ministry Headquarters issues a monthly systematized survey in which
data and indices on the industry as whole, main coal basing and all
production units are summarized.

Similar monthly surveys are issued on capital construction
which present totals on commissioning fixed assets, production
capacities, housing, labour indices,

"In addition to monthly surveys, quarterly bulletins are issued
which systematize data on a wider range of indices, for instance,
economic results obtained by production units are analyzed alongsi-
de with tehchnological data,
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Data contained in statisticel reports are summarized and syste-
matized more thoroughly in annual analytical reference books reflec-
ting the development of the coal industry, coal fields, regions,
production units and each enterprise.

Practical application of systems analysis in the coal industry
is based on specially developed methods for technical and economic
apalysis in production units and enterprises, These methods contain
specific recommendations and algorithms for performing computer-aid-
ed analysis on the following lines of productive and economic acti-

vities:

= coal output, development operations, mechanization of coal
face operations and drivage of development headings;

= utilization of productive capacities;

- coal preparation -~ qualitative characteristics of coal ex-
tracted and outloaded, coal treatment and balance of preparation
products;

- economic data, productivity, production costs, proceeds,

profits and profitability of prodmction.

In each section of analysis methods forms of analytical
tables, calculation formulas (models, algorithms) have been develo-
ped providing for qualitative assesement of impacts of various
interrelated and interdependent geological, engineering and
organizing factors on the level and change of production efficiency
indices,

Results of comprehensive analysis are the basis for developing
short- and long-term plans for coal output and improving technique
and technology of production in the coal industry as a whole, coal
basins, production units and enterprises,

Peculiar feavures of mianing are thas necessivy of detailed ex=-
ploration of minerals (which requires considerable time), very long
cycle of setting up and developing productive capacities at mines
comprising time for planning, construction and developing rated ca=-
pacities of mines, large scope of capital comstruction of infrastru-
cture projects, education and training of personnel - all these
require planning and forecasting coal industry long-terrm develop-
ment, |

At present optimum layouts of development and allocation of
coal industry enterprises up to the year 2000,
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Availability of wvast workable coal reserves in different re-
gions of the USSR, expected high rates of development of various
fuel-consuring branches of the USSR national economy predetermine

the necessity to thoroughly forecast on a scientific basis prog-
pects for the cosl industry development,

On the basis of the systems approach and taking into account
variety of interrelations between coal consumers and mines, requi-
rements for coal quality, feasible prospects of developing produc-
tive capacities in cooperating industries (comstruction, machinery
engineering, power, tramsport, etc), main principles of the methods
of economic feasibility studies of development and allocation of
coal industry enterprises for long-term future have been worked out,

The above mentioned methods provide for the following:

- preparing a scientific basis for feasibility studies of the
draft plan for the coal industry development for 1981-1985;

= coordination of the 1981-1985 plan and the expected develop-
ment of the coal industry for long-term future;

- revealing marginal capital investements and material resour—
ces;

- complex consideration of prospects of main branches within
the coal industry, more comprehensive economic feasibility studies
of development of such branches as coal mining machinery building,
material basis of construction, non-production construction (hou=-
sing, ete)}

- comprehensive study of such factors as product quality, ime=
proving the utilization of fixed assets, capital investments for
environment protection, costs of infrastructure projects, social
problems;

- performing alternative investigations depending on the level
of capital investments allocated for the coal industry;

In working out main trends and layouts of the coal industry
development it is expected to provide for productive capacity in-
crease, first of all , due to technlcal reequipment and reconstruc-
tion of existing enterprises,

Main trends and layouts of coal industry development should
reflect the following interrelated subjects:

= scientific and technological progress which is determining
factor in improving the efficiency of production and productivity;
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- current state and prospects for developing mines and other
enterprises (including new constuction projects);

- stream-lining management control of the coal industry;

- environment protection;

- co3al industry needs in major machinery and equipmemnt, materi-
al and labour resources;

- main technical and economic indices (actual and cost).

The most important condition for feasibility studying prospecta
of the coal industry development is to determine the needs in coal
fuel,

Studying the needs in coals of different type and quality is
performed by a balance method providing for more profound outline of
the share and proportion of fuel industries, in particular coal, in
long-term development and allocation plans,

Assessment of needs in steam coals 1s effected with due regard
for the following:

- long-term fusl-and-power balance of the country (multi-alter-
native studies);

- steam coal resources available for mining with present techni-
cal means calculated on the basis of coal output for each mine;

- economic assessment of coal resourses for each enterprise;

- economic indices of utilization of coals from different coal
fields in the national economy with due regard for coal quality,
production cost , treatment, transport and utilization by consumers;

- advantages of setting up large fupl-and-power complexes
based on open cast mines with vast coal reserves,

The needs in coal are calculated by major consumers - thermal
power stations, industrial and regional boilers, domestic sector,
agriculturee, construction industry; these needs are assessed in
bituminous and brown coals, anthracites, graded fuel and briquettes,

In assessing the needs in coal for coking purposes prospects
of the development ferrous and non-ferrous metallurgy, machinery
building and chemical industry are taken into account, Needs in
coal mix for coking are calculated for each coke-and-chemical and
steel plant with due regard for the prospects of their development,
technologically feasible alternative mixes for individual plants
or group of plants are revealed.

Particular attention is being paid to alternative options of
coke production from weakly=coking coals,
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Prospects for the development and allocation of coal mining and
treating enterprises are based on the expected scale and scope of
the coal industry development with due regard for the results of
optimization calculations,

Criterion of optimality is accepted as the minimum of aggrega=-
te capital and operating costs for exploration, construction of a
coal mining and treating enterprise, transport of coal to the con-
sumer and coal utilization.

When optimizing within a coal basin a simplified criterion is
possible in which costs for coal transport within the basin and coal
utilization are not taken into account when comparing alternative
options costs are calculated for final products, i.e. for coals
used for electricity generation - per 1 ton of coal equibalent, for |
coals sent to coking - per 1 ton of concentrate; this allows for
different qualitative coal characteristics (ash content, moisture,
calorific value, concentrate yield) to be taken into account more
conprehensively.

Forecasts of the coal industry development, in addition to the
development of productive capacities at underground and open cast
mines and preparation plants and the appropriate comnstruction
organisations,
include prospects for the development of -~

- industrial transport at coal industry enterprises (railway,
road, conveyor, pipeline), requirements for rolling stock and other
equipment are defined, scale and terms of constructing roads and
railways, pipelines etc, are determined; machinery building facto-
ries and workshops with evaluation of products and production structu-
re, technological progress in coal mining machinery building, spe-
cialization of factiries;

- electricity generation with the assessment oI power, fucl
and water consumption;

- measures on environment protection including measures on mi-
nerals conservation and rational extraction of coal, as well measures
on environmental control(treatment of industrial effluents to pre-
vent water pollution, cleaning of dust and gas emmissions to the
atmospheres, mined land reclamation);

- improving miners' health and safety;
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- methane drainege, dust control, measures to prevent dynamic
phenomena - sudden outbursts of coal, rock and gas, rock bumps,
creation of standard climatic conditions in mine workings at deep-
-levelmines, fire protection, etc.

Main trends of research in the field of engineering, technology
and economic efficiency of coal mining and processing are being deve-
loped to provide the expected development and production efficiency
improvementa in the coal industry.

Over the recent years measures aimed and improving planning have
been worked out in the USSR,

Ons of the major conditions of solving this problem is the ba-
lance between the state plans of economic and social development.,

In order to achieve this aim in forecasting the coal development
of the national economy branches, and in particular the coal industry,
it is necessary to apply a qualitatively new approach to the op~- ‘
timization of characteristics and parameters of individual enterpri-
ses, choice of alternative options of the projects development and
allocation, calculating the rates and outlining the trends in the
cooperating industries, providing labour resources, solving social
and well-being problems, etc,

Research and development organizations in the USSR coal industry
carry out investigations for methodical provisioning of this impor-
tant problem and improvements in the systems approach to forecasting
the coal industry development,
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FORECASTS OF PARAMETERS AND CONDITIONS
FOR DEEP-LEVEL MINING IN COAL MINE PLANNING

Theory and Practice of the Development of
Automated Coal Mine Planning Systems

Dr. A. Miteyko
Dr. K. Kuznetsov

Forecasts of psrameters and conditions of deep-level mining
in coal mine planning come to a problem of mathematical program-
ming which is generally formulated in the following way: to find
out an ordered set of projJect solutions being optimized X* ={f%l'
which is a subset of admissive realizations X*€¢ X in particular
geological and social conditions and corresponds to the objective
function extremum C(XY.Z,0) under the following constraintst

XL} EX>O,Yy€Y>0, ZY4EZZ2 0, BYEO30
and meeting the condition P (x)=K , where X - a set of admissible
project solutions corresponding to a particular combination of
parameters under study and characteristics of the enterprise;
Y - a set of gealogical characteristics of a deposit section;
8 - a get of socio-economic conditions of the mine operation;
Z - 3 335 of adnisesitle noa=cpvinized praject suidviuas;
g& - indices of a variable and its current value, respectively,
V42, ... n; &,:.iuiu.. SRR N
Kz - constraints, = =1,2 "= -~ K-

Sizes of a mine take, thickness and lifetime of a mine, as well
as its type (individual or amalgamated) and method of reconstruct-
ion are determined in realizing a computer-based model of the in-
tegrated development of a particular region of coal minese. That
is why optimized solutions in planning individula mines include
the followings
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- methods of opening the mine take and its parts, layout of
opening workings;

- methods of developing the mine take and its parts;

~ mining systems;

- layouts and means of mechanization of production processes;

-~ patterns and methods of realization of the mine take and its
parts;

- layout and order of grouping coal seams;

- layouts and means of underground and surface transport;

- patterns and means of methane drainage, air conditioning,
water drainage and stowing; |

~ layouts and types of shaft winding;

- distances between its levels;

— gizes of blocks and winning sections along the strike;

- number of levels and blocks within .the mine take and under
working at a time;

- number of panels, winning sections, levels, sublevels and
coal faces in the seam and under working at a time, etce.;

Number and types of decisions being optimized are established
by the planner on the basis of feasibility studies and analysis of
technological layouts and parameters being optimized. In this case,
a problem of compatibility of separate solutions and a graph of
alternative solutions is worked out (fig.1).

Choice of optimum project solutions is based on developing and
realizing a computer~aided model of a constructioh or reconstruction
projecte. Mimimum of marginal specific capital and operating costs is
accepted, at any rate, as optimality criterion; these caosts are
calculated in accordance with the recommendations of the coal in-
dustry instruction on defining the economic efficiency of capital
invesvtments. Dynamics 0f capital and operating cost is being taken
into account within the period of mine construction and operation.
Taking into account different time of incurring capital and operat-
ing costs in alternatives under comparisdn, they are reduced to a
base period, i.e. the beginning of the coal mine construction. With
a view of the inadequate '"sensibility" of the given criterion while
changing project solutions (which is expressed in the "poorly de-
fined" optimum zone), in a number of cases a system of additional
criteria is te be introduced in order to choose the optimum alter-
native option, including the following:
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~ new mine planning - the level of specific capital costs and
the index of production profitability;

- in planning the recinstruction of existing mines - gpecific
capital investments for capacity expansion, the index of production
profitability and the degree of utilization of fixed assets;

~ in planning new levels at existing mines;

- the profitability index.

Input data are accepted as followss

~ data on the deposit (sizes of mine takes along the strike and
down the clip, number of working and non-workable coal seams; dis-
tances between the seams and from the surface to the upper boundary
of the mine take, water in-flow to the mine, availability and con-
figuration of protective pillars);

- dat2 on coal seams (thickness, type, gas emissinn rate, water
in-flow, liability to sudden outbursts and fires, dust content, tec-—
tonic faults, ash and volatile matter content in coal, volume
weight of coal, cutting strength of coal, etc.);

- physical and mechanical properties of adjoining rocks

~ data on mine workings (minimum and maximum cross-sections,
types of supports, coefficient of aerodynamic resistance, methads
drivage, maintainance and praotection, advance rates, etc.);

~ data on means of mechanization of main and ancilliary teche-
nological processes;

- gtazdards on planning;

- a complex of socic—economic conditions (patterns of mine
operation, cost indices on object and production pracesses, depre-
ciated cost, price-lists and tariffs for fulfilling various kinds
of work, etce)e

An econometric model of a mine project is a system of interrelat-
ed (from an information viewpoins) engineering, economic and optimie-
zation tasks (fig.2), the computer-aided realization of which
allows to select optimum (according to the accepted criteria) com-
bination of characteristics and parameters of an enterprise under
study with given constraints.

The Objective function is presented in the form of a minimizing
(naximizing) algebraic expression of a sum of costs (effect) for
individual production processes and operationse.
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Caosts (capital, operating, labour) for production processes
are calculated on the bases of cost indices. Cost indices are funct-
ional dependencies of costs (for individual operations or technolo=-
gical processes) from geological and social conditions, as well as
parameters and characteristics of mines.

In complex optimizétion of project solutions for deep-level coal
mines, co0sts are taken into account for the following:

- drivage and maintainance of mine workings within the period of
construction and operation;

- coal face operations;

-~ transport and winding of coal, stone, materials, equipment
and menjs

- ventilation, methane drainage and air conditioning;

- main and district water drainage systems;

- measures to control sudden cutbursts of coal and gas and rock
bumps}

- construction of buildings and structures on the surface;

- wages, salaries, bonuses and allowances:in kind;

= other operations and operations net taken into accounts

Due to the fact that the abjective function and the system of
constraints are, as a rule, non-linear, the method of total
evaluation and review of altermatives is used as a numerical me-—
thod for computer-aided sclution of the problem.

The above revealed methodology has been realized many times in
particular planning of new and recaonstructed mines in the main coal
fields of the Soviet Union, and also in feasibility studies of lay-
outs of opening and development of deep levels at the Donbass
collieries. Application of the methodology allows within a short
periad of time for a considerable number (up to several thousands)
of alternative options teo be analysed and estimate costs for con-
struction and specific operating costs to be reduced to 10 to 15
per cent (compared to traditional methods of planning) /2-4/.

The given methodology has been further expanded in developing
automated coal mine planning systems. Such systems provide for
standardization of calculation procedures and computer-aided for-
mation of econometric medels of projects of underground and open-
cast mines and coal preparation plantse.
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An automated coal mine planning system (SAPR- ugel ) is being
developed with the aim to improve the technical and economic level
of planned enterprises, planners' productivity and the quality of
braoject documentse. -

The abaove stated targets are achieved by introducing modern
methods of optimization and decision-making, complex automation of
planning operations and, on this basis, reformation of all kinds
of planning provisioning /5/.

Thus economic effects of planning automation are revealed at
mine planning, con.truction and operation stages (fig.3)s

The SAPR-ugol system is being developed as on coal industry-
wide, expanding, organizing and technical system of planning consiste-
ing of a complex of automation means for planning interrelated with
divisions or sections of a planning organization.

The complex of automation means consists of the aggregate of
methodical, programming, technical, informational and organizing
provisioning. The SAPR-ugel functioning results in the aggregate
of completed solutions and project documents presented in a given
forme The coal industry-wide system SAPR-ugol is based on common
(compulsary for use by all planning organizations and comissions
of experts) methads of feasibility studies of project solutions,
standards on planning and construction of coal mines, standard
technology of automated planning. In the process of developing the
SAPR-ugol system, a substantial portion of planning and calculation
operations is computer-based by changing the contents and methaedolo-
gy of decision-making.

Evolution of the system is achieved by modular methedical and
programming provisioning of the SAPR-ugol system which provides for
actualization and expanding of the given types of provisioning,
as well as operational changing and supplementing the data base of
planning.

Organizing and technical basis of the SAPR-ugol system comprises
standard (logic and information) models of the computer planning
processes providing for the conversation (interactive) mode of aper-
ation (with optimum distribution of functions between the complex
of technical means and the planner) and possible evaluation and
control of decision quality in planning. Introduction of computer
planning technology promotes improvements in organization structures
and management control of planning organizations.
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The main structural links of the SAPR-ugol system are standard
object subsystems distinguished by functional indications: type of
an enterprise (underground mines, open pits, coal preparation
plants), planning stages (feasibility study, technical project,
detailed project), element (object) of the enterprise under plannings.

Object subsystems consist of functional and special parts (fige4).

The functional part of the object subsystem is the aggregate
of interactive, from information (programming) viewpoint, planning
procedures realizing warking out of project documents of predeter-
mined quality and scope. Generally, the functioning part of the
object subsystem is presented in the form of an information madel
of the planning process (fig.5), the apexes of which are planning
praocedures (®-formalized, Ng-non—formalized graphic, Ny-non-formal-
ized connected with decision-making) and the arcs — input (output)
for (from) these procedures information. The iterating nature of the
planning praocess provides for reiterated return to previous proce-
dures in case the planning results (solutions to the planning prob-
lem) do not satisfy, for some reasons, Ghe planner. All procedures
are strictly fixed according to information levels. Computer-aided
planning provides for fulfilling a complex of procedures interactive
from information viewpoint, (F - 1 + F - 6) either in the automated
or automatic mede of operation when, by the planner's demand, the
calculation praocess is interrupted in a "check poeint"™ (K1, KQ) with
input of information necessary for result analysis.

The Provisioning part consists of methodic programming, informate—
ion, organization and personnel provisioning. In addition to provis-
ioning abject subsystems, common (for all object subsystems) compon=-
ents have been singled out - a complex of technical means; service
of development; common elements of programming, information, organi-
Zabion and personnedl provisioning.

Methodological provisioning components are documents stating the
taueory, methods sud means for solving planning problems, mathematical
models, algorythms, algorythmic (special) languages for describing
abjects, normals and standards. The SAPR-ugol system includes 59 ob-
Ject subsystems (including 9 subsystems which are invariant in relat-
ion to planning objects), the development of which requires review-
ing and setting up a new library of econometric ..cdels of an enter-
prise and separate technological processes, methods and standards to
computer technalogy of optimum planning.
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Programming provisioning (software) presented, as a rule, by pack-
ages of applied programmes and technological lines of planning is
based on the following principles:

- adaptability to the accepted computer configuration and computer
operation circuit, as well as peripheral equipment;

-conversation made by operation;

— modular design;

~ application of the permitted programming languages FORTRAN-IV
and PZ-I3

- application of standard and serial software of coal industry-
wide importance, in particular, for solving construction, heat engin-—
eering and other problems.

Information provisioning is based on maximum utilization of seri-
al technical and programming means (data banks) and is constructed on
the following principles:

- open structure adjusted to additional charge and merge;

-~ possible logic data structurization according to formal features;

-~ providing exactness of standard and normative data;

~ delimit and protection of files and data blocks.

Organization provisioning is based on the following:

~ type (logic and information) models of computer planning of sepa-
rate objects and an enterprise as a whole;

- modern methods to evaluate and control the quality of planning
solutions, standards and normative documents which regulate plann-
ing in the coal industry.

Technological provisioning is comprised of commercially availe-
able Soviet-made computers of third generation and peripheral eauip-
ment for intercourse between the planner and the computer (alpha-
numeric and graphical displays, graph plotters, coordinators, etce)e.

o

uc

)
£

autdmaved work places for plozzers arz belng develeped dDzszad on
devicese.

The level and priority of developing the SAPR-ugol system are
based on the analysis of technological and economic efficiency of
planning operations automation (P) and scientific and technological
possibility of automation of such operations. In a general case,
Planning the level and priority of automation comes to a problem of
linear programming with Boolean variables which is formulated in the
following way /6/:
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’

to £ind out J= I, X 4}' It Ly XL} —3 wux L-.i,z,..‘.ni;zbo:iz,.._ 56,
with the following limitations: )
Te Z\.: % Ktbé/‘XL& & Ky
2 g_ AbipXiy < Ab
Se E%XUBFXL}> NS L =1,2,3
4. KL& = O or 1
5. kac,;} =4
where i - subsystem number; J - current queue number; % - number
of year in the period under efficiency analysis; Etij = economic
efficiency of automation of planning operations fulfilled by 4 -
subsystem in t-year if it is developed in J-stage, roubles;
YL {-subsystem is developed in J-stage
% (- otherwise =0
Wy capital costs for developing i-subsystem in t-year (if it is
developed in J-stage), roubles;
VL}' - marginal allocated costs for development assembly and intro-
duction into semi-industrial and industrial operation of -

M

stage, roubles; Atij - manpaower expenditures for developing i-sub-
system in t-year (if it is develaped in j-stage), man-days; At -
marginal allocated manpower expenditures for development, assembly
and introduction into operation of the SAPR-ugol system in t-year,
man-days; B; - level of planning operations automation for i-sub-
system determined as ratio of labour consumption (costs) for plann-
ing operations performed by the traditional method (without comput-
ers) to a similar index in computer-aided technology of planning;

Bl - marginal level of planning operations automation in introduc-
ing the SAPR-ugol system in l-stage;

XL - specific labour consumption (caosts) of planning operations per-
formed by i-subsystem traditionally; l-stage number.

Crivexicn oF evalaadiag Tuas erficiency ud plenning dpesaciuns
automation is accepted as an index of aggregate economic efficiency
(Etij) taking into account efficiency in the sphere of planning
(achieved by improving planner's productivity) and subsequent effic-
iency of optimum decision-makinge.

According to this criterion priority is given to such SAPR-ugol
subsy.vems the introduction of which in the nearest future will allow
for considerable improvements in the quality of planning solutions

and reduction of labour consumption for planning operationse.
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Conclusion
The experience gained in the development and introduction of auto-
mated coal mine planning systems in the USSR shows that:

—~ development and introduction of automated planning systems in
the main trend in the field of improving planning and estimated qua-
lity and efficiency;

- with the level of planning operatlons automation of up te 30
per cent and the expected expansion of planning operations scope in
the coal industry by 50 te 60 per cent by 1990, number of planning
organizations run by the Ministry of Coal Industry of the USSR may
be practically kept at the 1980 level;

= in introducing methods of multiple-choice alternative planning
and quality control of planning solutions, capital and operating
casts may be reduced by 10 to 15 per cent. The reality of these
figures is proved by the experience accumulated in the coal industry
on automation of construction, technological and cost estimating cal-
culations (the level of automation of which reached 40 to 80 per
cent), as well as results of introducing more than 300 programmes
and 20 packages of applied programmese. These programmes and packages
provide for automated calculations of roof supports, methane drain-
age and air conditinning systems at coal mines, underground transport
systems and winding installations, concrete and steel headframes,
electric circuits, qualitative and quantitative indices of technolo-
gical layouts and water-slurry circuits of coal preparation plants,
mining and technical parameters and schedules of open-cast mining
operations, etce;

- formation of standard methodological provisioning of the USSR
system requires standardization of composition and contents of all
stages of planning, progect sections, elements of drainage and norm-—

. . ] N 2 = ! - -
ative basls of planning, Tz =2ffician®t davsl.orment oi suca provisica=-

ing is based on bilateral and multilateral cooperation with the CMEA
member-countries;

- availability of considerable number (up to 30 per cent) of loan-
components in the SAPR-ugol systeﬁ provides for interdepartmental
coordination of efforts aimed at developing special and common soft-
ware faor automated construction project planning systems (SAPR-0S),
mulbi-purpose data banks SAPR-0S and the calculation control system
as an integral part of computer operation systems;

- on the basis of the SAPR systems under develapment and in accor-
dance with the plans for development and comissioning of such systems,
it is necessary to imprave the system of education and training of
qualified specialists -~ designers and users of Ghe SAPR systems.
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English Translation of Figure 1.

denosit open schedule

gquantity of the panels in the strike and slcpe

schedule shefts rentilaticn

quantity of the profitable seams in the sheat

quantity of the simultaneously working seams in the sheat
type of the transportation / haulage/

conveyors

railway

face equipment

powered supvorts,chain - type face conveyor, shearer - loader
seperate supports chain type face conveyor,shearer - loader
face length and advance / uresticted/

type of the gangway support

concrete

metal

scheme of the panel gang - ways

coal gangways

rock gangwys

way of panelling

stage - floor

panelling

panel length/ uresticed / 22a strike vamel length
quantity of +the panels

quantity of the face in the panel

quantity of the face in the stage-floor

quantity of the simultaneously working faces

quantity of the stage-Tloors

cuantity of the strike ranels in the Dblock

quantity of the block in the panel

guantity of the simulieneously mining panels

a .

-~ -~ R

T e



-153-

AngBysis of a peanning
proflem

Furan
gru ngSSL%Ce

vﬁrLun S

NO

Detgite
caleulations
jor qdopted

decision

Adn% Lon
anning
dECLSLUﬂ

NO
ND
NG ,%u\ YES
A\
NG
NO__ A\ YES

Rig.2




-159-

¢ Sy

"Iill‘ll||.||klt|\|\\ll‘tl |VVI‘I/‘|||J
‘ _
HNBVRORLON :

[ [womweamocna W34 ¥8L93hYY ;__._ﬁﬂ“._ HLODHIHLN I | |
| g ATV Al [y mamesns | |
. ~(IMHYS0dHR AL INON = ]
L. I~H_ WV .j/ U AN B = |

L T /| - N -

\\\\\\\ \\\\\
1\!\i4\\|\“\\||\h\|.lylll ) —_
_
HRARY0g HMYLVRVUINE wroxavg || (SMIIUEOL T gynyivRvuane R (BHN3vROLOLEN)
VOLITY I Haw ¥¥6dl xinoun [ | [ YOLIGVILHOGLD § 9013880 L Whdl VELIVILNILY
SUTCARTS U] M [T TR T (T Navevaye |1 1] YeLadm vVous LIOHVILAYORERDdU HLIOWHOLY
© IMMINKVINE' B MY g IMHIKHKY 'Z __“ THITRRNG, MKIONIG ¢ }y HNIMISBY ;.:m._:
!

~

E-n-h-v. L YA V-0_2xe
— e - //A A‘Pwl P NS UV T —
////JU -

o !

“ YVAdl it 3 i HHHIWOVE !

_ H120HAVILHVOBENOdY XIOHOVYLHUYH |

_ IuHIMIasoy HLJOHEHLNIbHE IHHINHYIBR _

»
_r 008 L J 4 ¥ € 0 X u__xq__._-‘..lllg_
‘v

wolk -q[|\y ) #madbarg mdu  puwsdde
02OXIZPHMNOHONE  B1HDQ0dvindod  sm1aw g oduvyy




-160-

English Translation of Figure 3

Directions of formulating the economic effects

while implementing SAPR - cozal.

&, national economy

1. increase of capital investment effectivity
2. increase of labeur productivity

B, Construction activity

3. reduction of the constraction cost
4, increase of the labour productivity in consitruction activity
5. acceleration of take new objects commissioning

6. improvement of construction procesges quality
C. Maintence

7. reduction of the maintance experditure
8. increase of labour productivity of the procduction vprocesses
9. enlargement and quality increase of the production vélume

D, Design activity

10. improvement of design effects
11. reduction of the design term
12, Improvement of the working plans quality and finance planning
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METHODICAL ELABORATION OF THE PROBLEM
"DECISION MAKING MODELS OF THE FEEBLE
STRUCTURED PROBLEMS IN THE COAL INDUSTRY"

V.V. Rogozov
S.A. Sorokin

I. Common propositions

Planning improving problem is one of the actual problems
in the national economy. One of the possible directions of
the planning improvement is represented by the application of
the computers in the planning process. This direction is being:
implemented within the programme of the creation of the Auto-
mated Management Systems- ( AMS ).

The extensive programme concerning the use of the "econo-
mico-mathematical" methods in the factory vreduction »lanninc
1s implemented 1in the coal industry. In the process of the im-~.
plementation of such programme several different approaches
were tested.

The first approach is a direct planning computation which
received wide development and still undergoing the development

process., Under this approach only the time needed for calculation
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is essentially shortened but the principal problems of the plan
ning are not;toué%d.and that is the main defect of the first
approach,

The second approach 1s the optimizational plan computations,
The: optimum planning 1s essential step in the planning methodo-
logy. The development and realizatiion of the second approach was
qQuite expensive in labour but it 4did't effect much the planning
practice. This refers especially to the practice of the current
( yearly ) planning. The main reasons for such situation will be
pointed out in the process of the justification of the third
approach to the problem of the improvement of the plan computa-
tions.

The third approach 1s based on the use of the computers to

control the process of the branch yearly planning with the help
of the simulational method of the plannig. Such aproach was dee

veloped as a result of the experience of the planning problems
computerization. The reasons for the "nonimplementation®™ of the
optimum models are still under discusdion. One of the main opi-
nions of the failure reason is the absence of the accurate ini-
tial information. But the problem, in fact, 1is more complicated,
It- is well known that even the perfect system of "the Technico-
Economical®"Characteristics (TEC ) prowvides only the generalised
representation of the real situation on the production factory.
Such generalization as a means of selecting of the main,
concentration of the essential is the principal proporty of the
TEC system and therefore it-posses less diversity then it is
necessary for the adequate reflecting the productions situations.

That 1s one of the main reasons for the information indeterminacy.
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Besides the planning process always involves the future and

that also increases the information indeterminacy. The informa-~
tion indeterminacy is revealed, in particular, in the fact that
different persons involved in the planning process could be
differently informed on the production resourses and such situa-
tion causes definite contradictions among different managemeht
levels.

Under the condition of the information indeterminacy it was
quite natural to use the iterational way of obtaining the plan
solutions which can be represented as a process of the consecu-
tive constructing of the production target for the forthcoming
beriod og%ime. In major cases it 1is impossible to formulate’in
advance)the criterion system, stipulated for the plan. Such cri-
terion system could be revealad under favourable conditions on-
ly-after the planning process. The last stipulation is complete-
lyvnonacceptable for the'chrestomathy'1deology of the optimum
planning since it is necessary to declare the target part of the
model a priori.

Prom the system analyslis view the plan elaboration as well
as the elaboration of any other problem of that kind which are
to be solved under indeterminacy conditions and haven't got the
accurate expressed criterion should be cbnsidered as a feeble
structured problem. In the process of the solving of the feeble
structured problems the content analysis methods of information
processing are playing the role of the great importance but it
should be remembered that the computational results obtained
can not be absolutised. They can,as a rule,only be considered

as an approximate estimates of the real situation., Under such
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conditions the level of the authenticity of the initial data

in the planning system is mainly determined by the achleved de-
gree of the structirization of the problem of the plan solution
elaboration.

To avold somehow the problems connected with the feeble
structurization of the problem in the automated management: sys-
tems the Person Making the final Decision ( PMD ) is included
in the  AMS. Then as the main regime of the AMS system functio-.
ning is the. *man-computenr" dialcoue regime choosen.

But under such stipulation the following: question may be-are-
sed: whether one person can be qualified enough to direct the
rlan elaboration including the wide range of the TEC. Thus we
are arriving to the idea of the personified model of the mutual
connections of the TEC for each PMD from the planning department,
To make the organization of the planning computational job
effective it is necessary tb assume that the rights and obliga~
tions of the PMD,using the model,allow him to make decisions
within the limits of the characteristic 1ist)involved in the:
considered model; the competence of the PMD permits him to enter
to computer considerations,deduced with the help of the content
anal¥sis, which supplement the model and which are, to his
opinion, necessary to be entered.

As a complete the automated management system should be com-
posed as a union of the models and for each person responsible
it is necessary to elaborate the personified model. The hierar-
chical system of the personified models should reflect the admi-
nistrative as well as the procedural hierarchy of the planning
aparatus. One more aspect of the feeble structurization is re-

vealed in the peculliarity of the computerised simulation where
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the key problem is the way of the information indeterminacy fi-
xation., Under such approach the numerical value of each chara-

cteristic is ought to be given in the form of the intervals of

possible values, Such system of intervals swhich are all compa-

tible in a certain way,could be interpreted as a domain of per-
missible plan values over the characteristic group.

For the hierarchical system of the TEC models as a whole the
similar problem arises, i.e. the problem of the obtaining the
common plan solution domain’composed from the separate domains
connected with the TEC models. This problem 1is reduced to the
problem of consistency of the plan solutions within the range of
the complete hierarchy. But here again ore more question of the
principal importance arises: to what extent of the accurasy and

correctness the procedure of the plan solution adjusting

could be realized under conditions of the feeble structuriza.
tion?

At the presemt stsge the branch plans are represented in
the form of the set._.of tke rlzn characteristic values, i.e. the
plan solution domain degenerates into the point. The represen-
tation of the plan in the form of the certain ( nongenerated as
a rule ) domain of the plan solutions appears to be more correct
and sound. UUnder such representation each characteristic is gi-
ven in the form of the interval of permissible values. Then
different planes are adjusted to an accuracy cf the certaln sys .
tem of the intervals, l.e. to that degree of an accuraxy which
1s being reached in the process of the indeterminacy reduction
in the course of the planning. The traditional practice of the
planning disposes the number of the approved methods of the

TEC calculations. Such method is constructed in a manner that i
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composes the object of the job for the certain plan officer over
the range of the problems considered as well as: the meams of their
computation. Moreover the set of these methods represents the
certain ideology type of the traditional branch planning, cer-
tain system of thought of the people involved in the planning

job. That is why the transition to the new system of the methow
dic guiding principles is a complicated process, conjugated, in
essence with the introduging the thought system as well as

the completely different job ideology.

The last point is often ignored, e.g in the process of the
transition of the plan calculations to the computarization, Com.
putarizion of the traditional approved methods of the TEC cal-
culations performed before manually is proved to be 1little effec~

tive., To increase the efficiency of the planning the computers

are used to realize the modified methods based on the modern
theory of the mathematical programming, theory of the games
and etcsi, Such situation causes not: only the change of the
tooling but demands to introduce the different ideology of the
planning job, different sort of the skill and and the working
style of the planning department and that is not possible to
change it at once. That is one of the possible reasons which
explains the diffuculties emerged in the implementation process
of the optimizational planning methods.

The combination of the revolutionary change in the tooling
( for instance, transition from the mannual calculators to the
computers ) along with the evolutionary change over from the
existing to the new, refined and regulating the branch plan-
ning economical methods appears to be more reasonable. In the

sufficient measure’such way is satisfied by choosing of the
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two relatively independent directions of the development of
the automized system of the current planning.

Firstly, the elaboration of the hierarchical system of
of the personified models of the mutual connections of the
TEC ( TEC models ). Each TEC model is based on the one or se-
veral approved in the planning practice methods of the TEC
calculations, |

Secondly, the elaboration of the special software of the
certain oper&éional system orientated to the planning computa-
tions and satisfying to the following conditions:

-the system must be invariant in the respect to the any
of the TEC models, included in the planning process;

-each TEC model for the operational system must be not on-
ly the supplier but also the source of the directing informa-
tion,

- the output of the operational system should be interpre.
ted on the lanquage of the characteristic 1list, included in
the certain serviced TEC model.

The orientation of the independent labour in two different
direetions: hierarchical TEC model systems ( model of the plan-
ning object ) and operational system of the plan computations
( planning process model ) is also effective in the part of
the distrubution of the labour efforts. The elaboration of the
more perfect economical methods and based on them TEC models
is appropriate to assign to the people of the following specia-
lities: economy, the mining production engineer. The elaboration
of the operational system of the plan computations 1s the res.

ponsibility of the mathematicians and datamz-ion specialists,
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Under such approach the functioning of the automated sys-
tem of the current planning would be carried out' in the fola
lowing way. Each MDP from the planning departmemt' is. working
directly with his own TEC model, corresponding to his rights
and obligations and " unnoticably " supported by the the opera-
tional system of the plan computations. Operational system,
significantly widening the computation possibilities, holds the
quantitive side of the planning process, interpreting the com-
putational results on the TEC lanquage,holding all the relations
among the characteristics provided by the model.

For more detailed discussion of the raised questions it

is appropriate to consider each of the directions separately.

IT. Fierarchical system of the personified TEC model

Under the médel of the interrelation of the technico-eco-
nomical characteristics is being understood TEC with the de-
fined on them relations of the given proporties,

The personification principle, i.e. orientation on the
definite person from the branch planning department allows
to define both the TEC set and "the relations of the given
proporties", In other words,it is possible to introduce cer-
tain economical method as a quidance to the concrete plan
officcer to compute some characteristics through the others,

Thus the personification principle allows to define the
main structural characteristics of the TEC models., But' the
definition of the functional characteristic is far more com-
plex problem. The most important conditions under which the

branch yearly planning process proceeds were stated earlier,
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That is the information indeterminacy, vaque formulated cri-
teria system, certain contradictions arising among different
management levels and etc..,

Such conditions put the problem of the current production
plan elaboration into the class of the feeble structared pro -
lem with all the consequences following,

Personification principle and the conclusion made upon
the feeble structurization of the current plan task elabora-
tion problem provides practically the unique selection of the
main regime of the function of the automated system cof the
plan computations - "man - computer" dialoque regime. Such dia-
loque is mainly based on the TEC model which determines the
communication language of the man to computer and' vice versa,

class
determines also the Yof the problems to be solved and deter.

mines information supply to the concrete person responsible.

Efficiency of the functioning ofvthe automated planning-
system as a whole mostly depends on the dialoque efficiency.
In its turn, the dialoque efficiency is determined by the
motivation of the Decision Making person ( DMP ), the one,
who makes use of the TEC model at his job. In other words,
the functional characteristics of the models should be intro-
duced in a such way which would attract the DMP to make use
of the TEC model.,

It 1s quite natural to make the following assumption:
the DMP would be interested in making use of the model pro-
vided he can obtain from the model use the results which
can not be obtained without use of the model or if they are
obtainable without use of the model then at the high labour

cost, But while exposing the personification principle of
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the TEC model the following conclusion was made: any TEC mo-
del should be based on the certain approved guidance of the TEC
conputation, corresponding to the rights and resposibilities

of the appropriate person in charge from the management depart-
ment .,

Under such conditions the new results obtained with the
help of the corresponding model must be observed in connection
with the approved methodology, their interpretation should be
done by using " the language " of that method and they should,
in a certain sence, " inrich " the standard method of the cha-
racteristics computization. In other words, each TEC model
should®tie up in one knot" all the questions concerning the
normative guldance of the corresponding DMP while planning,
should " 1light it up " from the different points of view,
should expose different sides of the plan solution elaboration,
should * fill " the substance into the formality of the norma-
tive method. These quantitive reasons are taken into certain
consideration provided that some sort of the principle of the
complementarity is being followed in the process of the TEC
model elaboration. The overall integrative representation of
the certain object can be obtained by means of constructing
the set of its different describtions, proceeding each time
from different or even from opposite initial premises.

The"man - computer "™ dialoque regime can. be considered ,
above all as a certain illustration of the complementarity
principle. From one point of vlew, each TEC model appears as
a purely formal outset in the system as a whole, Cn the other
hand the, bearer of the nonformal source in the whole system

appears to be the DMP, the one who can enter into the model
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additional informationfsgghe heuristic character, reflecting
his experience,intuition, skill, motives., If the important
problem of motivation is to be concidered from the position
of the complementarity principlé in more details then the TEC
model structure can be: revealed far more detailed., It 1is quite
resonable to assume that the DMP would be motivated and gets
some . additional information in the following cases:

- each computation,in accordance with the standard method
assigned by the DMP,would be-followed in the model by means
of the checking of the feasibility of some restricting condi-
tions;

- each standard ( normative ) computation would be followed
additionaly by the sequence of analitic computations thus expo-
sing the possible variations of the standard computation;

- other different versions of additional accompaniing plan

solution computations,

In essence, the general structure of the TEC model emerges
to be as follows. Each TEC model should contain some basic
structure unit - which is to be used to compute the normatives,
the set of the additional structure units, responsible for the
certain computations,completing normative calculations with the

different tyve of the analyses, optimizational computation

variants, computation of the forecasting character and etc..

If such structure is being considered from the system ana-
lyses view then , as the matter of fact, the TEC model repre-
sents itself the composition of some decision making countours
of the control. Here the main structure rspresents direct pro«
cess and the set of the completing structure units are the feed-

back processes,
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The plurality of the feedback processes in the the model
exposes the feeble structurization of the plan solution elabo-
rating problems. Here the feedback control exposes itself in
the following - the feddback can only " advice "in which direc=
tion the target could be reached and it is not known, in advan-
ce, which of the feedbacks leads to the solution required.

Prom the formal view, the planning process can be considered
as a process of the sequeintal reduction of the indeterminacy.
The mechanism of this indéterminacy reduction process exposes
itself in the following.

The first computation based on the standard methods gives
the interval of the permissible values of output (béing planned)
technico-economical characteristic ( or characteristic set ).
Each following computation conducted with the use of the ad-
ditional model fragments can.. bring in certain correction of
this interval of the considered output TEC ( or TEC set ).

Such correction exposes in the narrowing the interval, 1l.e.

the indeterminacy reduction. If the ideterminacy reduction

does not: occur, then the computation on such complementary
f'ragment is proved to be the noninformative one. The sequence
of such kind computations can provide quite acceptable informa-
tion indeterminacy level (the information inteterminacy reduo=-
tion has always got its limit which is not equal to zero).

Thus, the TEC model should represent' certain controlled age-
gregate with the purpose of the obtaining and refining the quan-
titive characteristics of the plan solutiosns, where the model
structure appears to be the control parameter. Before we start
discussion of the TEC model hierarchy problem we introduce a

few definitions.
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Two TEC models are called connected models on the base of
the common characteristic if in either of the models is being
used at least' one common technico-economical characteristic,

The TEC model hierachy is the set of _the TEC models dist-
ributed over the TEC personified model control levels, where
only the connections among the models, situated at- different
levels, are taken into consideratiom.

The coordinator model is the TEC model, connected with the
severel models of the below situated levels on the base of the
common characteristic: principle,

The executor model is the TEC model, subordinated to the
certain ( single ) coordinator model situated at the level

above, In accordence with the last definitions, hierarchical

system of the TEC model could be considered as certain compocia
tion of the coupled models, i.e. coordinator - executor models,

The main purpose of the elaboration of the hierachical
model system is to reflect: to its possible- full extent the forw
mal ( computational ) part of the planning process. In this
connection the following request is quite rightfull:

the personified hierarchical TEC model system should be
elaborated and organised in a such way that it should, in a
certain way, reflect the administrative structural hierarchy
of the planning apparatus. Under such statement of the matter
the problem of the improvimg of the branch plan service strucs-
ture could be,with Lihe high degree of an accuracy, identified
with the problem of the improving of the hierarchical TEC
model system, provided there exists develbped enough hierarchi-
cal TEC model system,

As a whole the: functioning of the hierarchical TEC model
system 1s suitable to represent with the help of the two

model procedures " Task nistribution " and * FPerfomance Zating %
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Model procedure TD ( Task pistribution ) is the standard
procedure which allows the solution , elaborated on the base
of' the coordinator model, to be reduced to the subordinate
executor models,

The model procedure FR ("Performance Hating") is the typical
procedure, allowing to estimate decisions elaborated on the
performance models within the limits of the coordinator models.

The- planning process based on such model procedures provi-
ded there exists the developed enough hierarchical TEC model
system could imagined in the following way. The person, respon-

sible for the preparation of the certain planning decision

( the coordinator, responsible for the solution of the common
planning problem as a whole at the concrete management le-
vel ), is working out the concrete expression of such decision
at the TEC language and with the help of the TD procedure dis-
tributes the task over to the subordinated performance models,
i.e. to the corresponding persons. Those executors, who received
their tasks c¢ould play, in its turm, the coordinator role in
solving of the appreopriate part of the problem as a whole, In
this case , the procedure TD is being repeated on the whole
integrity of the subproblem set. Thus, the TD procedure could
be moved down along the hierarchy untill the complete range

of the persons involved in the: planning solution would be
incircled.

When the"last" executors inwolved receive their task they,
on the base of their models , are able to estimate their resour-
ces to implement ﬁhe solution with the concretization of the
values of the appropriate TEC list and, possibly, could make

certain proposals, observationsg and amendments of the task
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received. Then the reverse FR procedure starts to operate.
The reverse Pg procedure moves up the worked out results of
the corresponding TEC models ( estimates, observations, amendw. -
ments and etc, ). Pinally, the corresponding information returns
to the person who initiated the TD procedure on the considered
plan solution, Eventually, it is quite possible to organize
the multiiterational passage from the top down to the bottom
as well as the passage between the intermidiate coordinators
and executors.

The final result of the one or severai itérations represents
itself the model " realization " of the plan solution being

prepared. As a result of such process the person, initiated

the model simulation of the action, obtain the result reflec-
ting all the management chains inveolved in this action.

The scheme, proposed above, provides the representation of
<he planning simulation process being elaborated. At the same
time the final elaboration aim is being defined which 1is to de-
sien the: ‘hierarchical TEC model system, providing the " overw

lapping " of the management department structure as a whole,

III. The operational system of plan computations

THE OPERATIONAL SYSTEM of PLAN COMPUTATIONS is the organi-
sed collection of the programs which provides the possibility to
computerize the simulation of the plaming process. Here the
concrete TEC model appears to be each tim%gihe bearer of the
initial data for the computations as well as the source of the

controlling information. The purpose of the OPERATIONAL SYSTEM
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of the PLAN COMPUTATIONS ( OSPC ) is ™ to accompany " the plan-
ning process, i.e. the process of solving of the feeble struc-
tured problems. The success and the eficliency of this " accom-
paniment® depends greatly upon the distribution of the functions
beetwen OSPC and hierarchical TEC model system. Eventually,

OSPC should perform all the necessary formalised computations
and should also provide the maximaly wide possibilities of

the " entering " into systemiwith the minimum restrictions.

The:real premise of the accent shifting to the solwving of
the- qualitive- problems in the system is the selection as the
basic  OSPC functioning regime - the " man - computer " dialoque
regime,. The last is fairly well agreed with the orientation of
the TEC model personification. To provide the realization of the
ralsed aims OSPC should incdude the wide enough selection of
the problem solving algorithms which can emerge in the process
of working with this or that TEC model.

And once again about the interrelation between certain TEC
model and OSPC. TEC model is presented by the system of equa-
tions, decribing the interrelation of the certain TEC group and
it (/ TEC model ) does not require special organigatibn with
the aim of the application of the certain mathematical methods,
e.g. mathematical programming, mathematical statatics, theory
of .the games and etc... All these functions are fulfilled by
the OSPC. The OSPC, on the base of the concrete TEC model,sew.
lects the appropriate problem depending on the information
avallable, DMP requests and computational stages, Further,the
solution of the problem obligatorally ( that is one of the
basic requirements ) stated on the language of the' TEC group

which forms the base of the model being servised, Such approach
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somehow reduces the diffuculties arised while making use of the
fine mathematical methods in the real planning practice, Thus
the " unnoticable " backing orovided by the OSPC of the TEC
model functioning opens wide possibillities ogfhe utilization of
the wide " arsenal "op the refined mathematical methods without
any need to introduce them to the DMP. The difficulties on this
creation,
path are the the problems arised in the process of the OSPC
But they are of the different nature then the difficulties, cona
nected with studying oﬂfhe modern mathematical methods by the
members of the traditional plan service.

But the set of the algorithms does not provide itself the
system itself as such, in a common sence. To turn the set of the
algorithms into the system it is necessary to introduce certain
system forming idea, certain " rod " ogEhe constructing the
system as a whole. In the OSPC such system forming idea is rep-
resented By the procedure of the adjusting of the plan solution.
The selection of that kind 1is Justified, above all, by the folw
lowing reasons:

- firstly, the adjusting procedure presents in any of the
rlanning process,

secondly, the ad justing procedure allows the strict formal
representathon,

thirdly, the measure of the plan solution adjustment could
be choosen as a measure of the TEC model informative providence
as well as the measure of the information supply to the DMP,
making use of these models,

Now when the main part is being clarified, i.e. the intro-
duction of the adjusting procedure as a basic system forming for-

mal outset of the operational system, we are in a position to
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consider the sequence of the complementary principal propositions,
which would allow to clarify other aspects of the constructing and
functioning of the OSPC.

| Let us consider, first of all, the problem of the further
development of the principle of the complementarity. The funcw
tioning of the OSPC should be arranged in a such way that the
certain balance should take place,mutual complementarity of the
formal and nonformal outsets. Obviosly, " the shift " in this .
dynamic balance should be "™ aligned " by the system and the most
effective final plan solution could be obtained under equilib-
rium, mutually complementary state of the formal and nonformal
outsets.,

One more version of the complementarity principle is being

used in the interior organization of the operational computation,

Indeterminacy of the information being used to obtalin the
single~valued solution is re-established by the interior common
criteria of the following types: selection of the most stable
solution ( stable relatively to the concrete TEC model and in-
formation available at the present moment ), selection of the
solution with the least conditional strain. Let us introduce one
more impotant proposition about the principle of embending.

If the OSPC funotioning is imagened as stage by stage
reduction of the TEC permissible values domain, then the domain,
worked out at the next sfage of the O0SPC functioning, must be
embeded: relatively to the domain of the permissible values,
worked out at the previous stage. In the contrary case, it is
necsssary to come back to the previous stages of the OSPC job,
The sequential observance of this principle 1s the necessary
condition of the obtalning of the adjusted plan solutions over

the whole hierarchy of the TEC models,
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Now we are in a position to represent the the automated plan-
ning process from the OSPC point of wiew., The operational plan
computations system should be composed out of several packets
of programs with different task assignments.

The packet of programs, call it " Estimate Computations *,
should perform the prelimenary job. The aim at this stage 1is
to obtain the Estimate intervals of the Permissible Values (PVE)
over the concrete TEC,

The number of the TEC which réquire the estimate computations
depends on the sequence of the conditions:

the extent of the development of the TEC model hilerarchy;

- the possibility to obtain several indepgendent estimates

for-one and the same characteristic ( with the aim of the incre-

ase of the reliability );

- the extent of detailization required of the plan solutioms
being elaborated,

As a result of the estimate computations for each TEC model
the PVE can be obtained for the all being planned TEC. Th#se
computations are performed in a such way that their-results
could be interpreted as a rough stage of adjusting ( coordina-
ting ) of the planning process. Here it is being assumed that
in this case the begining of the ad justing processAis repre-
sented by tne production process itself and which 1s being :2:ti-
mated by the method of interval estimates of the corresponding
TEC, Under this condition, the PVE obtained could be nonjusted, :
i,e, some of the equations-ogﬁhe TEC mutual connections could
not be satisfied in this domain, The extent of nonjustment of
the PVE is one of the main characteristcs of the performance
qualitypf the packet " Estimate Computations ", The next prog-
ram packet of the OSPC ( call it, in brief, " Domain " ) is
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aimed to obtain the ad justed Domain of the Pian Solutions (PSD).
At thls stage more senslitive ad justing procedures start to ope-
rate. The basic exploitational regime of the packet " Domain "
shoull be the " man - computer " dialoque regime, i.e. the main
input information is represented by the complementary informa--
tion, supplied by the DMP,.

At this stage the DMP alims are to clarify . . the production
resourses, which on the TEC language are represented by the
domain of the permissible values., Naturally,that part of the
PVE is of thérutmostiinteS%t.which reflects the utmost probable
and stable values of the considered TEC. In this connection the

automated planning process is constructed according to the fol-

lowing scheme: the DMP brings in his opinion about the most
stable part of the PVE and then the computer, on the base of
this information, " attemts " to construct the domain of TEC
values, ad justing it with the retrospective information availabw
le, with the results of the possible complementary analyses and
checking of the restricting conditions and with the opinions of
the other participants of the planning process. |

The model procedures " Task Distribution " and " Performance
Rating ", introduced above, would be expressed on the language
of the program packet " Domain " as follows. In the process of
the plan solutions elaboration on the base of his model over
the characteristics, connecting it with the corresponding mo;
dels of the executors , the intervals are obtained, which are,
in its turn, in the form of the task passed on the corres-
ponding models of the executors. That is what the task distribu-
tion means. Similarly, the reverse procégg;gg_%%fﬁgfféing the

corresponding intervals from the executor models to the coordi-

nator model. At this stage the certain performance rating of the
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earller glven out task 1ls beimg made, That is how the performan-
ce rating process works. It is worth to mention here, that' the
informative exchange on the base ofi the interval characteristic
changes 1is potentially richer in variety compared to the ex.
change~by the polnt.wise characteristic:values. Similarly, the
plan values domain posesses greater vardety, i.e. it is potenti-
ally fuller able to " feel "™ and " to reflect " the gstate of the
system, then traditional representation of the plan assignement

in the form of certain vector of values over the definite TEC set,

The program packet " Domain " is aimed to simulate jobs,

conducted in the process of the traditional yearly planning and,

in general, corresponds to the inwestigation of the production
resourses for -the forthcoming plan period.

The nextr stage of the yearly planning,connected with the
direct: plan task assignement and distribution should be simula-
ted by the program packet, called " Cutocome ". The input informaa-
tion of the packetr ® Qutcome " is represented by the OSPC, worked
out by the packet " Domain ", Here-aggin the main exploitational
regime is the: ® man - computer " dialoque regime.

The purpose: of the programm packet ® Outcome " is-to prowide
the: DMP by  the posibility to answerm to the: question of the type:
" Whatt haopens if...? ".In other words, the aim of the " Outcome®.
packet is- to simulate: the outcomes of different possible: produci
tion situations, worked outt by thes 0SPC. Thus the " Qutcome *
packet' is aimed for- the analys and investigation of the elaborated’
plan solution domain by means of simulating different' possible
outcomes of the production actiwity. Such investigation of the
PSD can clarify which production chain appears to be the most

weak in the process of the simulation of: the  desirable ocutcome
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(' plan assignmentt ). After that 1t is possible- " to play ower "
the most rational resourses distribution components of the model
with the aim of the providing the most reliable conditions of
the fulfilling of the-plan task.

Thus’bhe investigation of the: PSD prowides the possibility of
the constant purposeful adjustment' of the system, motivating
the fulfillment' of the new tasks in the constanly changing

production conditions.

Conclusions

Realization of the approach discussed above appears tio be
promising.

I. Automation includes the wide range of the procedures from
which the planning process is being composed, whieh, in its turm,
includes ( besides optimization ) forecasting, analys, direct
planning: computations and etec..

2. Relatively independent elaboration of the planning impro-
ving problem in two directions ( hierarchical TEC model system and
operational plan computation system )by spécialization and concen-
tration of the efforts of the designers at the elaboration stage,
by the sultable separation of the function between the hilerarchy
of the: TEC model and operational system of plan computations at
the stage of "the simulation of the planning process..

3. Hierarchical system of the TEC models is constructed in a
such way that it should structuraly be directed to the consequi-

tive reduction otﬁhe informative indeterminacy.
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k. As a system forming prtncipie of the OSPC is the multitask
procedure of adjusting of the plan solutions choosen, which
allows to combine- and to use: in the unified system different
strick mathematical methods.

5. Many discussional questions of the planning improvement;
including the question of interrelation of the plan and the ad-
ditional task, the problem of the separation of the planning
characteristics into approveé and: computational ones and etc..,..

Finally, the planning, based on the interval TEC characteris-
tics provides reasonably good premises for the exposure of the
self- training of the productlion systems while the traditional
planning methods fairly often restrict the self-training outset

of the factory.



