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Rock and Ventilation Control 

Chairman: Or W. S. RAPSON 

Rapporteur: Mr J. W. WILSON 

Papers: 

Computer applications in rock mechanics by F. H. Deist, E. Georgiadis and J. P. E. Moris 

Rock mechanics in the design of mine layouts by K. Hodgson and N. G. W. Cook 

Automated regulation of mine ventilation by P. Niskanen 

The rock mechanics papers, because of their complementary 
nature, were presented in succession and discussion on both 
followed directly. The paper 011 automated ventilation control 
at a mine in Finland was then presented and the session was 
closed with several contributions to this paper. 

By and large the papers and discussions which followed in 
this session showed how a classic tie-up had developed 
between the use of computing techniques in important fields 
of mining, and their practical application. Tn fact, the dis
cussion following the rock mechanics papers showed clearly 
that without the aid ofhigh-spced digital computers the rate of 
progress in applied research in deep-level hard-rock mines, 
would have been severely hindered. Furthermore, it became 
apparent from the comments made by several contributors 
that the rock mechanics techniques and computer progress 
described in Deist's and Cook's papers could be used to 
provide useful data in the solving of rock mechanics and 
design problems on mines other than flat dipping deep tabular 
deposits. 

The paper by Niskanen, which described an automated 
ventilation control system at a mine in Finland, showed how 
effective computers could be in areas where the reversal of 
mine ventilation occurs due to severe seasonal temperature 
ranges. Although the system described in the paper could not 
be introduced easily in complex underground mines, several 
contributors gave examples of similar ventilation problems 
that could be solved mechanically. 

In introducing his paper, Dr Deist said that the purpose of 
the paper was to give a brief account of some of the programs 
designed by himself and his co-authors to aid in the solution 
of rock mechanics problems. 

The first system presented by Dr Deist was known as 
MINSIM in the South African mining circles. TIns system 
was designed specifically to aid in the solution of rock 
mechanics problems in the South African gold mining industry. 
It was particularly designed to handle tabular deposits at 
great depth but it has been used satisfactorily on a number 
of occasions to obtain at least approximate solutions in 
other mining situations. Dr Deist said that the principles 
embodied in the programs were easily extended and, in fact, 
there was a project in progress at that time which was aimed 
to do this. He said that the principles could easily be extended 
to shallow-depth mining at steep or very steep inclinations. 

The author proceeded to outline the MINSIM system and 
said that it had been operating for about four years. The 
system was one of the first truly conversational systems which 
he and his colleagues had ever designed and facilities were 
available in the program to use the system on a computer 
terminaL At this stage, unfortunately, the system had not 
been used very frequently in this mode because of the limited 
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availability of the necessary equipment. The authors had, 
howevcr, foreseen this to some extent and they provided the 
facility for running the program in batch mode via card input. 
It was explained that it was possible to intermix the two 
modes by preparing the basic problem on cards, to have the 
problem run overnight and then to sit down at a terminal 
and start investigating various minor points. The basic 
feature of the program was that it was possible to solve 
large-scale gold mining configurations because most of the 
South African gold deposits were tabular and situated at great 
depth. Although the mining geometry was a three-dimensional, 
because the reef was largely planar, it had been possible to 
treat this problem as quasi-two-dimcnsional. The problem 
really amounted to using equation solution techniques to 
evaluate about four thousand simultaneous equations for a 
typical sizcd mining geometry. Dr Deist emphasized that there 
could be additional complicating factors which caused a 
dcparturc from linearity. This occurred in certain mining 
conflgurations when the hangingwait and footwall actually 
came into contact, and since this zone of contact was not 
known before a solution was attempted, this complicated the 
solution. In other words, the determination of the zone of 
contact must form part of the solution, so what could 
initially be a linear problem, became a problem involving 
certain non-linearities. 

The next system described in Dr Deist's paper was the 
finite element system. Dr Deist- pointed out that there was 
nothing new about this method, although he thought that he 
viewed the technique in a different way from civil engineers 
in that he saw the finite element as essentially a finite 
difference procedure allowing a variable mesh. Dr Deist's 
system was essentially suited to handle large-scale two~ 
dimensional continuum applications. He pointed out that 
while the method was in principle suitable for thrce
dimensional analyses, he thought that the type of applications 
for which he was using it would involve astronomical 
computer running times. For this reason only, he had never 
tried solving a three-dimensional problem. In his system he 
placed a great deal of emphasis on diagnostic capabilities as 
the finite elemcnt problems investigated were of such a size 
that he was normally dealing with what amounted to about 
two man-weeks of input preparation effort and, unfortunately, 
most of tIns effOIt had to be spcnt on generating the so-called 
'finite element mesh'. Despite this time-consuming work the 
program had, and was still, enjoying wide usage - particularly 
because of its flexibility in handling arbitrary excavation 
shapcs, problcms involving layers of different materials, as 
well as a great variety of boundary conditions. In order to 
overcome the time-consuming job of generating this fine mesh, 
the authors had supplemented the finite element system with 
what they called a mesh generator. This mesh generator 
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operated as a primary stage to the system proper and 
permitted the automatic generation of its mesh. Generally, 
it had su«ecded in reducillg preparation time by a factor of 
at least 20. In addition, it had proved to be cheaper to run 
because there were less re-runs prior to a solution to correct 
the initial input data. 

The final system outlined in Dr Deist's paper was one 
which, he hoped, would revolutionalize the solution of truly 
three-dimcnsional problems. He thought that this would be 
feasible if he used an extension of the principles involved in 
the design of the MINSIM program. The potcntial advantage 
of this approach over a three-dimensional finite elelllent 
method would be tbat it would manage to reduce a three
dimensional problem to a qultsi-two-dimensional one by only 
considering the boundary surfaces. Tbe mathematica1 for
mulation of this problem basically involved the solution of 
integral equations, about which little was known. As a result 
of this, it was necessary to rely on cxperimentation to 
assess the merit and accuracy of the system as indicated in 
the paper. He reaffirmed that furtber e'lI:perllncnts to date 
had bce.n very sucressful. The production version of the 
new three-dimensional method was being 6nalized and it was 
hoped that the program would be 'on the air' by the end of 
1971. 

This concluded Dr Deist's i.ntroduction to his paper and 
Or N. G. W. Cook then proc~ded to int.roduce his joint 
paper. 

In presenting the paper on behalf of Mr Hodgson and 
himself, Dr Cook pointed out that during the opening session 
of the Symposium, the keynote speaker had expressed the 
view that the application of computer methods had not met 
with the success nor had been accepted in the mineral industry 
to the extent that one wonld have hoped and believed some 
time ago. Dr Cook then proceeded to relate 10 the delegates 
a case history tbat he belie\'ed to be a successful and well 
accepted application and, in doing so, he drew attention to 
those factors which he thought made for lite success of tbis 
application. He suggested that its success could be measnred 
in some objective tenns by recognizing that today most of 
the 4O-odd gold mines in South Africa routinely used the 
methods which had been evolved for planning the layout of 
all their future mining and excavations to make sure that 
there was an adequate degroo of safety from the strata 
control and rock mechanics point8 of view in tbose 
excavations. Or Cook described the structure of the method 
with particular reference to the part which the computer 
played in it, and also (he limitations of the computer and 
the ways in which they had been overooote. In addition, he 
illustrated this developlllent by running ihrough a typical 
example of a solution of a rock mechanics problem. 

The method involved four main factors, and Or Cook 
emphas.ittd that a complete method of computing was but a 
part and that the choice and proper combioation of these 
factors were essential to the success which he mentioned 
earlier. Tbis was the technical reason for success. There were, 
of course, psychological and personal reasons. Or Cook said 
that many people aSS\lmed that becau$C of the deep-level 
mining in South Africa the industry in this country was .so 
well disposed to rock: mechanics that this work was bound to 
succeed anyway. In a sense this was true, but at the time that 
his co-author Keith Hodgson and he had embarked on this 
work with the help of many colleagues in tbe industry, the 
climate was far from favourable. In fact, ill 1%3, one of tile 
senior and most respected mining enigneers in the industry 
e;«pressed the view that he would 'cat his hat' the day it was 
possible to design a mine a long the principles which were 
then being considered. 

The first foctor in the method which needed identification 
was the phenomenon which led to the collapse of excavations. 
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In genoral, access to the working places of a mine was 
through the excavation itself and collapse of an excavation 
impeded production and further mining - apart from con
stituting a sedous danger hazard to pe.rsons working in the 
minc. From the observations of rock failure in mines over 
many years, several fanciful theories concerning the behaviour 
of rock masses had evolved and one of the most important 
features in these observations had been the discovery that 
the rock mass responded to the cbanges brought about by 
miDing, in a n orderly and simple fashion. These changes were 
w orderly that they could be described adequatcly and 
accurately by a linear relationship between force and 
displacement or stress and strain ou the rock mass, and it 
could be described as Dr Deist has indicated in rus paper 
by the geometry of the nlining excavations on the plane of 
the reef. 

Dr Cook went on to say that having established a method 
for computing the state of stress and displacement of tile 
rock, it was tben necessary to find out how this informntion 
could be used in desisn and planning. It was decidcd to 
select parameters which could be related empirically \0 the 
conditions lba{ gave rise to rock fa lls, rockbursts and 
collapses. These parametcrs had to be simple and tbey had 
to have a close relationship to the problem which the authors 
were seeking to identify. Two related factors were selected. 
For the purpose of stope excavations, a factor wllich was 
called 'spatial rate of euergy release' as mining proceed.i, was 
chosen, a nd for the case or tunnels and other excavations (hat 
traverse tJle rock mas.~, the field stress, that is, the stress 
existing a round these excavations neglect i ng the concontrations 
which they cause, were selected. Once this was decided, it was 
necessary to find the values of these parameters which 
distinguished between safe mining conditions and conditions 
under which collapse was imminent. This was done in a 
carefully planned series of experime.llts and the Jesuits sub
sequently confirmed by the experience gained from the use of 
these methods throughout the mining industry. 

After completing the first part of the introduction to his 
paper, Dr Cook wellt on to illustrate with the aid of slides 
how use was made of the spatial energy release rate and field 
stress parameters ill mine planning. 

In the case of the use of the energy release rate coucept, 
he showed how it was possible to predict how workings 
should best be laid out in a new mining area and how the best 
method of proceeding with mining in an existing mining 
layout was eva luated. 

From the predictioll capabilities wrucll bad emerged from 
the use o f the spatial energy releasoJ rate parameter, it was 
possible to establish that more and more mines in South Africa 
would encounter frightening situations in terms of damage -
which could be measured not only in tcrms of rockbursts per 
unit rate of area mined, but also in ullits o f days delay per ~ 
unit area mined. Jnvestigatjons had shown that a delay of 
at least one day per mouth could be expected in a stope from 
rock bursts or rock fall s due to high energy release rates, and 
this was equivalent to a loss of revenue of about four per cent. 
Because this represented n substantia] part of a deep mine's 
profit and a very serious hazard, Dr Cook and his colleagues 
had set about developing techniques for maintaining safe 
conditions wherc computation forewarned them that con
ditions would be intolerable. 

Dr Cook then described a type or rapid-yielding prop which 
could support a stope at a depth of about 3 km - even when 
an earthquake or tremor such as was common in ultra-deep
level hard-rock mines, occurred in ils vicinity. He then 
produced evidence to indicate that with the use of rapid
yielding props it was possible to bring down tbe incidence of 
days deJay in mining areas where the energy release rates were 
high, and where the days delay were expected to increase. 



Or Cook closed his presentation by referring to the use of 
computing lechniques for the prediction of damage in tunnels. 
He said that it was very important for a mine manager to know 
in advance whether the location ofa tunnel in a certain position 
in the mine would remain in good condition or whether it 
would collapse in the future. Tt was now possible to estimate 
on a quantitative basis from a deterministic computer cal
culation how many incidcnces of damage would occur, how 
serious they would be and when they would occur in relation 
to the mining geometry. 

Dr Cook paid tribute to the work done by Mr Hodgson and 
colleagues such as John Wilson, Roger More O'Ferral and 
others in the industry and hoped that he had done them 
justice in this presentation because he felt that the paper 
really summarized all of their work. 

The presentations of the rock mechanics papers by Dr Deist 
and Dr Cook were followed by detailed contributions by 
practising rock mechanics engineers from mining groups in 
South Africa. The first contribution offered was by 
Mr J. W. Wilson. He indicated that within his Group a 
well-established rock mechanics department had been built 
up to serve the gold mines in the Group. His department 
operated with a staff of largely non-graduate-type personnel 
who had previously held positions of a supervisory nature, 
such as production officials. These personnel had been taught 
the use of the programs referred to and with this knowledge 
and their practical mining experience, it had been possible 
to provide assistance with most rock mechanics problems 
which occurred on the mines in his Group. This department 
was accepted by mine management as a permanent service 
department which handled day-to-day problems on a routine 
basis, as well as providing assistance in the long-term stoping 
and development mine planning. 

Mr Wilson made the point that, despite the fact that there 
were differences between the geologies of the various gold 
mining areas in the Witwatersrand system, it was still 
possible to use the parameters of energy release and field 
stress and the MINSIM and finite element programs in all 
areas. This was because of three factors common to all gold~ 
fields, namely, the mine workings were all deep, the mineable 
reefs were tabular in natW'e, and the rock was homogenous 
over large areas. The important point to note was that the 
individual magnitudes of energy release rates and field stress 
associated with damage in the various mining areas had 
different values, depending upon the nature of the rocks in 
the vicinity of the tunnels or stope excavations, 

Mr Wilson then proceeded to describe how the MINSIM 
program was used in the Anglo American Corporation Rock 
Mechanics Department. This program was used to solve 
mining configurations which occurred in selected blocked~out 
areas of the tabular workings of their mines. All mining areas 
were split into discrete blocks and each block was set up on 
the computer using cards (batch mode) as described in 
Dr Deist's paper. The solution of each mining configuration 
was stored on a computer disc file so that when future 
investigaLions were necessary in any given area, such as the 
prediction of damage zones in stopes or tunnels, the design of 
shaft plUars or the calculation of the dimensions of mining 
areas to protect under or overlying tunnels or shafts, the 
solutions were readily available. The procedure involved 
recalling the relevant stored solution from the computer file, 
up-dating the stoping configuration, re-solving, and then 
calculating the relevant parameters, depending upon the type 
of problem under investigation. Where possible, at this stage 
of an investigation, the rock mechanics engineer would visit 
adjacent underground workings to ascertain whether the 
established design parametcrs were reliable in the area under 
review. Experience had shown that whenever the predicted 
conditions differed from the expected condition based on the 
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established parameter values, this was usually the masked or 
exaggerated effects of local geological anomalies and not the 
failure of the technique. 

Mr WHson described the 'scaling' feature of the MINSIM 
program and how this could be used for investigating the 
mining sequences in a particular mining area in fine detail. 
He said that this feature was of great use in examining the 
eITect of reef pillars overlying footwall tunnels 01' investigating 
the energy release rates associated with different sequences of 
extraction in a remnant area. 

Mr Wilson went on to demonstrate the physical damage 
associated with high energy release rates in stopes and varying 
levels of field stress within hmnels, by showing a series of 
coloured slides of underground workings on a typical South 
African gold mine. These slides left no doubt as to the validity 
of the correlation between the design parameters mentioned 
in the papers given, and the physical state of damage in 
hard-rock mines. Reference was then made to the methods 
practised in the Anglo American Corporation gold mines to 
minimize the effects of super-critical energy release rates in 
stopes and high field stress levels in tunnels. It was now 
common practice to avoid or minimize critical areas in stopes 
in the planning stage before stoping commenced, and where 
this was not possible mining sequences were altered or 
improved support methods were adopted. In the case of 
pre-developed tunnels which could not be protected by altering 
nearby stoping sequences, it was now possible to predict the 
areas where damage could be expected and to design rock~ 
bolting patterns and anciUary support to protect the tunnels 
and prevent them from collapsing. Mr Wilson said that his 
work had shown that in dccp-Ievel hard-rock mines, timber 
sets, steel arches 01' concrete line haulages were far less 
effective or stable than systematic rock bolting, lacing and 
meshing. This finding had had a considerable influence on 
the economy of tunnel support as well as on the improvement 
in safety to workmen. 

It was pointed out that other design parameters had been 
evaluated with the use of the MINSIM and fmite element 
programs, One such application had been the determination 
of stress concentrations that were associated with bursting on 
unmined dykes left in situ on the plane of the reef. Following 
an historical survey of known dyke bursts over the Orange 
Free State and Klerksdorp goldfields, it had been possible 
to evaluate the maximum stresses tolerable on certain burst
prone dykes in the respective mining areas. This knowledge 
had been found to be of great value in the planning of mining 
sequences in new areas in these goldfields where the burst
prone dykes were known to exist. 

Mr Wilson concluded his contribution by raising two 
questions for Dr Deist. He said that although a wealth of 
knowledge was now available for the solving of rock 
mechanics problems in deep-level, hard-rock mines there was 
still no solution to the problem of rock bursts, as experienced 
in the ultra-deep workings of the West Wits and East Rand 
goldfields. In these mines stoping was taking place at depths 
exceeding 10 000 ft and current plans were aimed at mining 
to depths of 13 000 ft and, if possible, 15 000 ft. At these 
depths it was not easy to cont1'01 the rate of energy release, 
even when mining with the 10ngwal1 stope configuration. 
The high energy release rates in these areas were a direct 
result of great depth, and to improve the situation in these 
deep mines use was now being made of waste packing in the 
mined-out areas to reduce the volumetric convergence which, 
in turn, would reduce the energy release rate and eventually 
help in combatting the rockburst hazard. These ultra-cteep 
mines were also using rapid-yielding props on the stope faces, 
sandwich (concrete-timber) packs in stopes and also leaving 
reef pillars in situ to stabilize the workings. Despite these 
efforts, rock bursts were still occurring. Howcver, it was hoped 



that in the long term the benefits from these techniques would 
be felt. One of the lines of approach that was being used at 
an Anglo American ultra-deep-level mine to assess or measure 
the effectiveness of these relatively new intwductions to the 
mining method, was to record the seismic events that occur 
in the mine and to attempt to locate the epicentre of these 
rock bursts. Mr Wilson emphasized that there was nothing 
new about this technique, and in any event, it was history 
when the data became available. However, he said that he 
was now using the MINSIM program to calculate the elastic 
stresses, displacemcnts, shear stresses and the other elastic 
parameters at the located centre of each rock burst. Attempts 
were being made to correlate the magnitude of these elastic 
parameters with the location, magnitude of the rock burst and 
severity of damage in the adjacent underground workings. 

Mr Wilson's questions were related to the MINSTM 
applications referred to. He asked if there was any way in 
which the time for solving mining configurations involving 
total closure of the hangingwall and footwall could be 
reduccd. He said that closure in stopes was extensive at 
ultra-deep mines and computer times could exceed three to 
four hours (depending on the computer model) without 
necessarily getting a solution at all. 

Mr Wilson's second question was related to the selection 
of convergence factors in the MINSTM program. He wanted 
to know if it was possible to automate the selection of the 
magnitude of the convergence factor so that the optimum 
time for a solution could be achieved. He indicated that his 
depruiment had a large number of solution times for various 
mining configurations using different convergence factors, 
and he was prepared to add this information to Dr Deist's 
results if there was any hope of producing an automated 
system. 

Dr Deist pointed out that closure added a dimension of 
complexity to the whole solution, in that the problem became 
non-linear, and while there were quite a few ways in which 
it was possible to improve running times, one had to settle 
for the fact that it would never be possible to solve these 
configurations as quickly as those configurations that did not 
display total closure. Dr Deist continued by saying that as 
far as convergence rates were concerned, what Mr Wilson 
had said was quite true, but that the background of the 
equations that had to be solved in the MINSIM program was 
of such complexity that whatever was known had been found 
from experimental evidence from the computer, and he felt 
that this background had accumulated to the stage where the 
automatic selection of these factors was now possible. 
Dr Deist concluded by referring to the fact that over the 
last few years he had collected many other comments 011 the 
programs; however, because of limited man-power, it had not 
yet been possible to inlplement the alterations to the programs. 

Mr I. Clarke described some of his experiences in the use 
of the programs described by Dr Deist, to aid in the solution 
of rock mcchanics problems encountered in his Group. 
He said that he had found these computer programs of 
considerable value in assisting with the design and planning 
of mines, not only for tabular reef mines (such as gold mines), 
but also for massive type orcbodies and other stability 
problems. Mr CJarke then proceeded to describe briefly three 
rock mechanics problems that he was able to solve by using 
the programs described by Dr Deist. 

The first problem concerned a vertical elliptical orebody 
approximately 300 ft in length along the long axis, and 
between 100 to 120 ft in the short axis, extending from a 
depth of 1 800 It to 2400 ft below the surface, that is, the 
orebody extended about 600 ft in its vertical dimension. 
Situated approximately 120 to 150 It at right angles to the 
long axis of the orebody was the main hoisting shaft. In order 
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to evaluate the possibility of interaction between the orebody 
and the shaft, whieh in turn could cause damage to the latter, 
it was decided to use the finite element method. By modelling 
a two-dimensional section of a horizontal plane through the 
orebody void and shaft, the results showed that the shaft 
system would not be subjected to serious ground movement 
even when the shaft was used for mining at depths in excess 
of 3000 ft. 

The second problem also involved using the finite element 
technique, but this time it concerned a 600 It reinforced 
chimney stack which had been constructed on ground where 
mining was currently taking place vertically below at a depth 
of 700 ft. In this area the reef was dipping at an angle of 
10 degrees and the hangingwall above the reef all the way up to 
the swface was homogenous and without any geological 
faulting. A vertical two-dimcnsional finite element section was 
set up to examine the ground movement to be expected at the 
base of the chimney. The analysis indicated that the displace
ment expected would be within the design limits of the 
chilIllley as far as tilt and surface strains on the foundation 
were concerned. This problem was not a true two-dimensional 
situation because of the irregular shape of the mining 
configuration; however, the two·dimensional finite element 
solution provided the worst possible conditions so one could 
assume that with an irregular mining geometry actual 
stability conditions would be better. 

Mr CI.uke's third problem related to gold mining and the 
mining of a reef deposit at a depth of between 7 000 and 9 000 ft 
which was being planned at that time. The problem was 
peculiar to South African conditions since it involved three 
reefs with a total stoping width of 20 ft. These reefs would be 
mined within a total thickness of the reef series of 40 to 100 ft. 

To overcome the rock burst problems that had been referred 
to by Dr Deist and Mr Wilson, it had been decided to leave 
in situ a systematic layout of roof pillars on the plane of the 
reefs. A combination of the MINSIM program and the 
finite element program had been used to design the pillar 
system and to enable the stability of the pillars to be 
examined. 

In concluding his contribution Mr Clarke emphasized that 
the three-dimensional program which had been outlined 
briefly by Dr Deist was eagerly awaited as he felt that it would 
overcome many of the difficulties which were associated with 
using the approximation of a two-dimensional analysis. 

A contribution similar to that made by Mr Clarke was 
made by Dr Jantzen. He commented that he had used the 
MINSIM and finite element programs to analyze a copper 
mining venture in Rhodesia. He said that he had been 
involved in the design of the workings of a copper mine in 
which the deposit consisted of three, and sometimes, four, 
uniformly dipping orebodies which were essentially tabular in 
nature. The original design prepared by mine management 
foresaw a mining system which comprised bords and barriers 
that would yield a 67 per cent extraction rate. Through the 
combined use of the MINSIM and finite element programs, 
Dr Jantzen had found it possible to increase the percentage 
extraction over the mine to a figure of not less than 80 per 
cent. 

The last contribution made to the papers on rock mechanics 
was made by Prof. A. M. Starfield. He made three short 
comments about the work which had been discussed in this 
session. He said that he and his previous colleagues at the 
University of Minnesota had been involved in writing digital 
computer programs that were similar, but not quite the same 
in their approach as Dr Deist's MINSIM program. The first 
point he wanted to make was that as far as he could guess, 
he did not think they had a serious problem with areas in which 
there was complete closure and he thought that their method 
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o f solution was probably fasler i.n that type of problem. 
The second poiot was that he and his colleagues had a 
computer program which handled steeply-dipping orebodies 
but which did not take into account the effects close to the 
surface. The third point he made was by way of a question 
to Dr Cook. He said that when Dr Cook described the 
ingredients for the success of the rock mechanics program 
in South Africa, to what extent did he, Or Cook, attribute 
the success of the program to the fact that he had an analogue 
computer to begin with? 

Or Cook replied by saying that he relt that this question 
should have been addressed to lDembers of the industry; 
however, as far as he was able, he would attempt to answer 
it. He thought that beginning with the analogue computer 
had had a significant effect became a large part of the 
misunderstood magic that seemed to pervade computing was 
eliminated by putting it behind a black-board which was the 
front of the analogue computer, and once the electronics 
front view was hidden, it was not frightening any more. 
Most people found it difficult to type, which was another 
problem which one had with digital computers, whereas it 
was really quite easy to put m pins and pull them out on an 
analogue computer beacd. The complete physical identity 
between a mine pla n and the analogue model he thought 
had a substantial effect in making this a saleable product to 
the users, espocially, as Mr Wilson pointed o ut, in view of the 
fact that many of tbc:sc pecsOll.'l had had no extensive formal 
training, if any at all. Or Cook thougbt that starting with 
the analogue computer had enabled the digital computer 
methods to get off to a good start because it showed first of all 
that the problem could be solved, and, secondly, it demon
strated that it could be solved in a finite differcnce but linear 
manner. Or Cook said that he understood that Dr Deist's 
initial formlllation of the MINSIM program was because he 
realised that he could do on a digital computer what the 
analogue does better. 

The second part of this session commenced with the 
presentation of a p."lper by Mr P. Nis1caoen. 

Mc Niskanen said that the Pyhasalmi Mine was situated in 
Central Finland, about 500 kilometres from Helsinki, and at 
tins mine the ore was recovered simultaneously by open pit 
and undetsround mining. 

The annuul temperature in Finland varied between + 30°C 
al1d -30gC, which meant that l1atural ventilation posed a 
problem. They had now developed a remote-control ventilation 
system, and tbey intended to automate the controL procedure 
as soon as possible. 

With the aid of slides, Mr Niskanen described the hardware 
of the system and he then presented some data on air flows 
that bad been measured in Ihe mine. 

T he dimensions of the mine wen~ given as: length 1 000 m, 
width and depth 500 m, and the distance between shafts 
approximately SOO m. F or the control of tbe air flow they had, 
in addition to fans, 12 metal ventilation doors of which 
four could be regulated continuously. The sensing elements in 
the ventilation system were small hot-wire anemometers 
mounted about half a metre from the drift roofs. The 
diameter of the whole device was about 15 centimetres. 

nle process control desk was located in the mine office 
building 00 the surface. Prom this desk it was possible to 
regulate tbe doors, ascertain their positions and read the 
air flow ra tes from eight drifts in tbe mine, With lhis system, 
it bad been possible to study the ventilation proc'eSs 
throughout a wmter season. Mr Niskanen then described the 
results of that research. He said that the ventilation resistances 
of branches and doors and the natural ventilation pressures 
consisted of two parts, the deterministic part and che random 
part The digital computer methods for ventilation planning, 
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on which he had also based tbe planning of this system, 
dealt with the deterministic parts of these funclioll.'l. The 
random part was generally unknown and impossible to preiliet. 
With the system he had verified the results of the digital 
ventilation models, he had simulated t11e air flow in numerous 
ventilation strategies and then also measured the real flows 
in the mine under the same circumstances. In all cases the 
agreeme.nt between results had been good. 

On the basis of this good correlation he claimed that the 
conlputer modols for mine yentilation were now able to 
describe accurately the steady determinis tic parts of the flow. 
However, he posed the question that had plagued him, 
'how important was the random pact o f the flowT 

With the aid of slides that showed data of 'noise' level 
plaited against time, Mr Niskanea illustrated tbe variation 
of tl ir flow in two drifts on a particular level. This graph 
sllOwed the effects of opening and closing doors and also 
indicated the amplitude of the stoehnstic 'noisc' to be of the 
order of about 20 per cent about the mean value under 
typical cooditions, and a time of 2 to 5 minutes was needed 
to measure the mean. 

This graph also showed that the flow was strongly disturbed 
during the period following the opening and closing of doors. 
It was pointed out that one source of 'noise' was the effects 
of hoisting. In cenain ventilation conditions this kind of 
regular undulation in the flow W"dS observed. Whcn recording 
was carried out at night, it was shown that since less air was 
blown into the mine, the pressures wc-re smaller and the lift 
in the shaft created the same effect as the behaviour of a 
transistor or an electron tube. 

Mr Niskanen then gave an example of how to determine 
the effects on the vcntilation system of an unknown variation 
in the natural venti lation prcssures, and how long the system 
would take to regulate itself. 

Mr Niskanen said that since his paper had been written 
further studies of the ventilation process had yid ded. many 
intere9tiug results: among these the time constantll of the 
process, the noise amplitudes and also the extent of distur
bances caused by opening and closing the doors. He also said 
that the usefulness of the computer-simulation models was 
verified and concluded by saying that the results he had 
achieved were altogether what he had expected, and that he 
believed that his logic in the automatization would be the same 
as that given in the paper. 

Mc Martinson said that Mr Niskaueu's paper described an 
elegant and sophisticated method of automating ventilation 
under conditions somewhat onwual by South African 
standards. There were, of COUm!, many mines in this country 
wbere underground workings connect with open pit workiogs 
and in these circumstances there was a tendency for air 
reversal to occur. However, Mr Mat1inson thought that in 
most of the cases he could think of, venti lation was usually 
sufficiently positive. In other words, in South African mines 
there was a tc.ndency to put in a sufficient amount of fan 
power to overcome these linear aberrations caused by changes 
in naturaL ventilation pressures. He went on to point out that 
the extreme temperature changes that were experienced in 
Finland were not prevalent in South Africa and, as far as he 
knew, there were no automated systems of ventilation control 
in this country to compare with the very sophisticated syslem 
that Mr Niskanen had described. 

Mr Martioson then described some instauces of aberrations 
in the air flow which he thought would be of interest to 
Mr Niskanel1, since they did raise problems in South Africa, 
but were normally solved manually. The first case that 
Mr MIll·HnsoD described was a gold mine in the Eastern 
Transvaal. He thought it was now closed down but during 
its working life it had a very steep raise that was used as a 



main airway. Durit'lg the rainy season a large quantity of 
water used to enter this steep raise and the falling water in 
the raise used to reverse tbe na tural vclltilation errect. This 
was a vel"y smaU instance, but it d id cause difficult ies. 

The second case was on a copper mine in this country where 
partly open cast and partly undeJ'ground mining was being 
practised, a nd where a lengthy orepass system was used in the 
underground workings to tip ore £rom the upper levels into 
the upper tips on th.is orepass system. The fal ling ore cau!!Cd a 
collsiderable rush of air dowll the orepass thereby creating 
a transient change in the ventilation of the mine. This also 
introduced cousiderablc quantities of dust into the workings. 
The duration of this type o f aberration was about 30 seconds 
at the most. 

The third instance was somewhat similar to an example 
mentioned by Mr Niskanen, aD.d that was the aberration 
caused by hoisting. This was nOl1llally a function of the size 
of the shaft in relation to the size of the cage and the speed 
of winding and the air velocity in the shaft. The particular 
gold mine shaft referred to (a relatively small circular shaft 
on the Central Rand) was served by two unusually large 
cages operating in balance, and the effect of each cage on the 
total resistance of the shaft was quite considerable - about 
25 mm of water gauge. This would normally not have been 
of any great disadvantage or inconvenience to the mine; 
however, it so happened that the mine was already ventilated 
by two uoderground failS, situated at the bottom of this 
shaft.. As a result of the mine being a hot deep mine, these 
fans wece operating so close 10 the store zone that each (ime 
the cages pulled away the fan went into the s tore. The fans 
tolerated this rorabou! 18 months until metal fauguesel in and 
the fans exploded. This example was not directly related to 
the subject matter of Mr Niskanen's paper. but if did have a 
bearing on this quest ion of background noise.. Mr Martinson 
imagined that one would find that the background noise in 
the South African miacs to be very much greater than that 
which Mr N iskanen had described in his paper. 

After Mr Martinson's COntribution, Mr M. Kaas asked 
Mr Niskanen if he had investigated any other means for 
measuring the air flow and if so, what were they and what 
were his comments on the accuracy or reliability of the air 
flow measurements that he had recorded with the hot wire 
anemometers 1 

Mr Niskanen said that he had not used other types of 
instruments at Phys!!lami Mine. He had becn using the 
conventional hot-wire anemometer which was fairly reliable, 
but he was linable to give details on the accuracy of these 
anemometen because he did not have any other instrument 
with which to cheek: the accuracy of the measured air flow. 

Mr. Kaas asked a further quest ion about the measuring 
lechnique used by Mr Niskanen. He asked if it was necessary 
to apply any particular type o f digital I1ltering technique on 
the signal from these a nemometers. 

Mr Niskanen said tha t he had found that fi ltering was 
necessary. He had used diillal fil teriD.g but it required such 
a lot of instrumeotation that he was not sure that it was 
adequate to filter out some of the background noise from the 
signal that he measured £rom the anemometers. 

Professor de ViUiers Lambrechts then said that he thought 
he should point out that there was a printing error in the 
equation expressing Mr Niskaoen's 'k' which was his stability 
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coefficient. n,is eqmltion. he said, should contain a plus sign 
in between the two fractioJUll terms. 

Professor l....'lmbrechts tIlen quoted Mr Niskanen's StatClIICut 
that the d iagonal branch was stable for this ratio, if it is 
greater than uuity. In the general case it would be stable if 
it was distioctly greater or less Umn unity, but it was at unity 
that it would tend to be stable. He asked whether Ulat was 
correct. 

Mr Niskanen said that this was so. He had taken the 
coefficient k from a paper given in the references to his paper, 
and he had found that the k value was extremely sensitive to 
changes in door positions and for pressures, so much so that 
he did not see the k value having any practical use. 

Professor Lnmbrechts then raised a point concerning the 
actual numerical values of pressures in the mine, both the fan 
pressure and tile nat~)ral ventilation pressure. He said that he 
could not recall that Mr Niskanen had given any figures and 
he wondered if he could give some figures of the order of fan 
pressure, either iu millimetres of water or in millibars, 
whichever he chose to use, and natural ventilation. 

Mr Niskancn said that the fan pressure at Physlilami minc 
were usually of the order of 20 to 40 mm of water and in 
this case the natural ventilation pressure y8.J.·ied up to 
18 mm of water in the worst cases. 

Professor Lambrech l'i continued the discussion by saying 
that he was thinking of the rather absurd possibility of wasting 
a lo t of power to make the convenient pressure artificially, 
and by pUlling in art ificial re.<;t rictions in the mine., one could 
ultimately achieve, theoreticaUy at 1ea.st, the stage where the 
fans """Quid dominate the picture and one would not get 
any aif reversals. !'rofessor Lambrechts thought tbat this idea 
was mther impractkal; however, he asked Mr Niskanen if 
it was worth considering wasting a lot o f power to make the 
fan pressure so high that the natural ventilation pressure 
would not be large enough to play a part in the matter. 

Mr Nislt:.anen replied by saying that this migh[ well be so, 
However, in his case the mine did not want to do that 
because the natural ventilation was really most difficult at 
the highest levels of the mine in which it was planned that in 
five years' time tile mine would not be working there, as the 
open pit workiugs would be exhausted. Large fan installations 
were not envisaged at the Physlilami mine and it was felt that 
the system which ho had described would measure the effect 
of natural velltilatiou and what it does to the air flow. He 
would control the fan power so that he could regulate thc 
effect on the mine ventilation system of the natural 
ventilation. 

Professor Lambre<:ht's last qnestion dealt with a simple 
practical query. He asked if the automated ventilation really 
worked in practice. His experience with attempts to automate 
had only worked on paper and he wondered jf this was so ),iii; 
in Finland. 

Mr Niskanen said that there had been 12 doors operating 
underground for about 12 months on the mine and only 
minor problems had arisen. T he son of problems encountered 
so faf had been associated with weak motors that were used 
on the doors aod minor problems of this kind. 011 onc 
occasion, one of the doors did not open during blasting time 
as it should have dODe and the re.<lulting pressure damaged the 
door. It was fair to say that the doors were operating 
satisfactorily. 




