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ABSTRACT

Reliability analysis of mine water control systems is pre-
sented through an exsmple of a corbined system against
karst water inrushes. The loading of the system, the yield
of mine water inrushes is specified by a hydresulic mocdel and
its random parameters are determined from quesi analogeous
conditione, This pricr information is continuously updated
using local experisnces by a Bayesian model. System relii-
ability is estimated by using a failure-tree analysis and
Monte Carlo simulation algoritihms. A Bayesian methodology
is applied to account for uncertain loading and resistance
/or capacity/ statistics as well as to update rsliability
estimates when new system performance data are observed.
Some practical comsequences on the results of the reliabi-
lity enalysis are discussed. '

1. Introduction
In this paper the reliability of mine water control systems

is estimated using a Bayssian approach., System reliability
of engineering structures is very sensitive to the accuracy
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of loading and reeistance statistics because the numerical
velue of reliability is generally found in the upper tail
of the distribution, where the probability estimatee are
most uncertain. At the same time, the loading and resistan~
ce statistice are themselves uncertain because they are
based on small samples, when not merely on regional data
or experience. Thies motivates the use of Bayesian dist-
ributions which account for thies parameter uncertainty.

The construction of underground spaces such as subways or
tunnels and the operation of mines are often subject {o wa-
ter hazard, If an underground space is being planned or
already operating under groundwater lavel, un inflow cont-
rol system should be provided. The main elements of this
gystem may be the drainage facilities, preliminary and sub-
sequent grouting, the watsr conveyance, sediment setiling
and removal equipment, and the pumping statione.[5] In ge-
neral, either syotem lo0ad or its resistance or both are
rendom variables, sc that system reliebility can oniy be
gstimated statistically.

In the next section, the problem is formulated with empha-~
sie on mining. The cleseical, nonBayesian relisbility mo-
¢l is deseribed in the section "Non-Bayesian Reliability
¥odel®, and the Beyesian model is given in the subsequent
section "Bayee Ralinbilit{ Model™., The failurs iree method

is uped for constructing the model and a eimuistion algo-
rithn ie applisd to provids the solution, A resl-life exsapls
is provided in the Appiication section. In the lax section,
resulte of ¢he angiysis are discuzsed and conclusions are
drawn.

. 2. Problsm formuletion

Reliability theary has been developsd in various areas of
engineering such as structural deeign{16], or airplane and
rocket deeign{1l]. Heliabilitiy anslysis hes aleo basn applied
to hydrologic problemef?} and to mining engineering where
seversl studies, such as the analysis of the haulege, re-~
scue, and ventilation syetems cen be found [10L

The first approach te the application of reilability ans-
iyeis for mine watsr contrsl is presented in {15je i &
result; mining regulations, standards are given in terms
of an “economic reliegbility™ fur properiy protection and

& "maximal reliebility® /or a safety level/ for 1ife wo-
tection(6]. Reliabiliity snaliyses have rsszulted in the spe~
cification of elsmsnis such as emergency, sumps, storage
spaces, rescue routes or warning systems [15],

For & retional exploitation of new coal and bauxite minee
of Hungary under heavy water hagerd, care should be taken
to design properly the water comirol system, bscause either
under-design or over-dasign may reault in high additional
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costs, For example, the cost of mine water control may reach
10-15% of the production costs under Hungarian conditions [8l

The high investment and operation costs of mine water cont-
rol, and high coet of rieks of flooding or disturbance of
production by mine water require more advanced methods for
design and operation under conditions of highly mechanized
concentrated mines of large output capacity.

Along this line & non-Bayesian reliability model has been
developed and tested to Hungarian mining conditions [4].
This model needs further improvement for the following
Teasons ¢

-a., 8tatistical parameters characterizing lcading and re-
sistance conditions are uncertein during the deaign stage;

b. as the construction or qperation starts, observations on
loading and resistance become avallable; this information
should be utilized for an updating of the reliabilities
estimated during the design stage.

It will be shown that features /a/ and /b/ can be provided
by the Bayes reliability model. For illustration purposss,
& combined protection aystem against karstic water hazard
used in some Hungarisn mines is now presented.

This mine watsr control system consists of two main sub-
systeme:

/1/ Protection of the production sctivity agsinst the ef-
%ecta?of 51?0 water /cellsd protection of faces, slement
1“ igs&o

/ii/ Protection of blocks and the mine ageinst flooding
/called protection of mine/.

The protection of faces combines:

- the instsntan drainags
- preliminary and subsequent grouting '
- passive protection /water delivery from the faces/

The inetantan dreinsgs ie a special control of rock-water
interaction mostly in the protective layer (8] which de-
creases the number and the yield of spontanecus inrushes
into the faces, but the %total yield of mine waters /apon-
taneous and rained/ are considered to remain unchanged.
Consequently, the use of instantan way of control protects
the production activity in ths facez but it has no effect
on the loading of the mine water comnveyance subsyatem.

Grouting is intended t¢ decreass the total yield of water.
The passive way of protection involves water and sediment
delivery from ihe faces,
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The "protection of mine" subsystem corresponds to the wa-
ter and sediment conveyance from every mining opening to
the surface. Main slements of the analysed water delivery
subsystems are roadways, tunnels /called water cuts/ for
gravitationally conveying water and its sediment content
from the openings into the central pumping station. The
important elements are: /2/ water cut/s/ of face/s/,

/3/ water cut/s/ of block/s/, /4/ the main water cut of
the mine, /5/ the central plant for sediment treatment
/Bettling and removing, /6/ the pumping station /including
sumps, shaft with pumpe, electric supply, etc./. :

Water and sediment from block water cuts travel to the mine
water cut /element 4/ which leads to the central sediment
settler /element 5/ and the central pumping station /ele-
ment 6/. Sediment is removed from the settler by specisal
equipment and pumped to the surface by hydraulic means,

The number of faces and blocks increases as the exploitation
of the mine proceeds; the amount of inrushes and its solid
particles may also increase as new underground spaces are
opened,

The failure of an underground floo 4 control system can be
caused by a complex set of natural and technical factors.
It is necessary to single out those failure evenis which
are critical as far as the design and operstion is con-
cerned, More precisely, two types of events are distin-
guished: "disturbance of operation™ and "flooding". The
"disturbance of operation” corresponds to a failure event
which disrupts or decreases mining production but does not
stop it. The disturbance effect depends on mining techno-
logy and the number end yield of spontanecus inrushes. The
effect of using the instantan drainage and grouting influ-
ences the disturbance of faces. On the other hand, "“floo-
ding"” ie defined as a failure which stops production al-
together. Plooding occurs when the actual yield of mine
water ia greater than the actual capacity of the water
delivery system /of faces; block, mine/. Depending on

the location of the failure, the following top events are
defined: /a/ disturbance of operation and flooding in fa-
ces; /b/ disturbance of operation and flooding in blocks;
/c/ disturbance of operation in the mine with simultaneous
disturbances in several blocks; /d/ flooding of the mine.

In the next section the classical reliability model is
summarized. [4]

3. Non-Bayesian reliability model

Inrush events as gystem loading occurs a&s a result of in-
rush events which can be characterized by the following
three quantities:
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I. g = magnitude of yield of inrush event;
I1I. gmax = maximum inrush event yield into a volume of
iven vertical dimensions and rectangular area A of
unit width;

III. Q/A/ = total yield of inrush events over area A.
Pdf of these variates can be estimated as follows [4) s
I. Yield of inrush events

A reasonable hypothesis based on physical reasoning and
strengthened by observation data is that g follows a log-
normal distribution,[15]

. II. Maximum inrush event yield over area A

A second hypothesis based on phenomenological reasoning
and reinforced by observation data is that E/A/, the num-
ber of inrush events occurring over an area A, follows a
Poisson distribution with mean AA. Thern the asymptotic
distribution of gmax is derived from the distributions of
E/A/ and q as foliows:

P/qmax < x/ = gmu/"/ = exp -AA/l-Fg/x/ /1/

It is assumed that gmax follows this asymptotic distribu-
tion. '

III. Total yield of inrush events Q/A/

The total yield for area A is calculated as the sum of a
Poisson number N/A/ of lognormal inrushes ¢ .[3]

Q/‘/'f&/i/s 131,2,...!/3/ /2/

The distribution function /D?/ of Q must be determined from
the DF of g and N, since direct obdervation data on Q are
rarely available. For this purpose, the simul ation approacl
described in[18] appears toc be appropriate. Por example,
this method makes it possible to account for the spatial
dependence between stochastic inrush events. Note: this
model has been fitled to empirical data and is practically
used to predicting the mine water hazard.

Grouting activity influences the total yield of mine water.
The loading of the protection system as well as the risk of
disturbance and flooding depend on the control strategy.

At the same time the risk of flooding depends als¢ on the
actual performance and capacity of water delivery syatem.
The impact of the control method on inrush yield should be
considered in the reliability analysis.

A decision rule or impact function expressing the effect
of control strategy on an inrush may be defined as:
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o ; R b D ]
ol = f1/%50™15%452315 /3
where g{j = controlled yield of inrush in face /i, j/,

fij/‘/ = impact function for face /1i,j/,
9i; = natural yield of event and
alij’ 5211’ aBij = parameters of the impact function.

As an example, consider the control method of grouting
coupled with the following decision rule:

a/ if Qij< alij’ do not grout; then qij = 913

< -
b/ if 8144 <qij agij' grout a portion /1 aZij/ of the
inrush yield: 94; = aZiJ'Sij

. e a? =
c/ if 9> 8y 4 grout completely the inrush: g!; = O.

To estimate the protection system relisbility, events CGK
/disturbance of operation of the mine/ and MF MAooding
of mine/ are considered.

Event C means that there is simultaneous disturbance of
operatiol in at least K blocks:

m -
cCy: N /03 Neoley /w8y 1/4/
oK | 1¢1; € 1p<eaacdgm 21 K 1oper

where m is the total number of blocks and Ci is the dis-
turbance of operation in block i. Event C occurs when
disturbance of operation is present in ev%ry face of the
.block. Pig. 3. shows the failure tree of event C in any
of the blocks, with n being the number of faces in a block
“and :

Rijz /gmax > gij/Q[/ _ /5/

where qij/Q/ is the threshold yield for face /1,j,/.
2"

Event MF /flooding of mine/ occurs when any one of six
events B, P, FR, G, H, L occurs /Pig. 4./. These events
are defined ass

Event E: there is flooding in every block of the
mines

E: Dy1D,/0...(1D, /6/

Event F: The sediment removal capacity CH of the
mine is smaller than the maximum sediment
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inrush yield h. Experience shows that the following linesr
statistical relationship mey be sssumsd between sggimn':
volume Q and water yield gmex s

B fko - guexy g 4 E/ /1/

where l|:Q is a specific sediment yisld /tons sediment per
i of waler/ snd £ is an error term, ssssumed to be distri-
buted normelly with parametexrs *’c‘}“l’ gl/. Thus, event F is:

F /'2>@i/ /8/

Event FR: a failure of the mine sediment removal zquijpment
occures '

PR3 /gct/ 79/

where £ is the firat failure time of the mine sediment re-
moval aquipment over time horizon 4. The variaste ¢ is ts-
ken as expomential with mean A, /the expected numbe of
failures per unit time/.

Event G: the total yield of mine inrushes, Q% is greater
than the capacity CQ of the central sediment settler
/element 5/ '

G: /g*;» cQ/ /10/

Event H: the total mines water yield is larger then the
capecity CV of the mine water cut /element 4/‘;

H: /g‘;- cv/ /11/

Bvent L: the actusl capacity @ of the central pumping ste-
tion /cé'euent 6/ is smaller than the totsl yield of mine
water, 4

Lt /& <@/ /12/

This event may be caused by sn excezsive water inrush in-
to the mine, or failure of some of the pumps; in either
case, the real capacity s of the pumping station is smaller
than &;‘e The pump failure events sre assumed to be expo-
nenti 1{ distributed with persmeter A, which is the ave-
roge failure rate of ong pump. The maéer of pumpe remain-
ing in operation is a binomially distributed variate and

g is the product of this binmial variate and the nominal

capacity of ons pump.

Since all pozsible failure evenis have been defined, the
event MF of mine flooding can be written as:

wr: slUUrUr e U UL | 713/
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Using & Monte-Carlo simuletion methcd, failure probabili-
ties can be estimated for several pericds from a single
computer run. However, if two epochs T,, 1‘2, are such that
T, < T,, then a failure event occ n% the interval

y ’1'17 also occurs in the interval [0, T,l. Thus, simula-
tion“in [1'1, T, ] should be run conditionilly on the vari-
ous eventelin the interval [0, ,]1. The outcome of simu-
lation runs congiste in a set oflumple time-series of
failure probabilities, an empirical pdf of which can be
constructed.

4. Bayes Reliability Models

The statistical parameterg in the reliability model are:

the mean i and variance of inrush event yiilds q, the

specific number A of inrushes, the variance o £/¢ / of se-
diment yield /Bq. 7/, the specific number A 3f~failures

of & pump, and the specific mmber}t,‘, of Idluru of the

sediment removal equipment.

If the values of these parameters were imown, ths relia-
bility estimates would fully account for natural uncer-
tainty. However, in the design stage, only indirect in-
formation is available, leading to uncertainty in parame-~
ter estimation. Thus reliability estimates are subject to
this parsmeter unceritainty which decreases as operation
starts and more and more cbservation data become available.

In the following, & Bayesian approach is used tec account
for both natural and perameter uncertainty [2, 13, 14].

Such a Baysian approach has been applied to relliability

engineering in[ 5, 11, 12 ] . However, its application to
the reliability analysis of complex systsms such as the

one considersd herein appears to be guite infrequent.

The present study accounts for parameter uncertainties in
loading statistics. Uncertainties iniA , and A, can be ta-
ken into consideration in a similar wa& riraé, the design
stage is considered, sand sacond, the operation stage.

In the design stsge, perametar uncertainty is present, and
perametersf are taken 26 random veriables; a Bayesian dis-
tribution f/+/ which accounts for both natural and parameter
uncertainty, can be estimated as:

/a2 /x10/8508/08 /14/

where fr/xlg/ is the model distribution given parameter
vector “§, end £,/6/ is the distribution of the parameter,
The procedure be&ew generates Bayesian valuss of ths thres
loading components q, qmax, Q by Honte-Carlo simulation.

Magni tude of Inrush Events g.~— Since log g follows a nor-
mal distribution with /funinéwn/ parameters %u,aﬂ/, the joint
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conjugate distribution of /u,0/ is a normal-gamma distri-
bution [2, 14 ] . This conjugate distribution has four para-
neters: the mean smd variance of », and the mean and vari-
ance of o'. However, only three of these parameters are in-
dependent; furthermore, any one of the parameters may be
replaced by n, the number of data points /or sample size/.

Prior information on the above parameters may be determined
by regional estimation, geclogical analogy, hydraulic cal-
culations and/or literature data. As shown in[3, 4], ,the
sample size n’, the mean m' of m and the variance s’“/m’/
can be estimated from prior information. :

The conjugate prior distribution of /)u,e'/ can be written,
after {2}, us

f-&_g/‘,,/,ﬁ[.._.l;_up [%/ -’ 2”

( v/zvré?afﬁr o/{n? - S5y
oL 2 2
and /6"':?/ (n'-1)/2 o mlslel,
r ,_,n'-rl/ o 2 42

4 : N

The Bayesian simulation aigorithm is =8 follows:

1. Generate & pair /a,0/ using the normal-gamns distribu-
tion /Bq. 15/ with prior m’, &’ and n’,

2. Generate a realigstion of a normal variate n.1 using
parsmeters /u,o/ genersated in step 1,

3. A prior Bayesian random value of g is q = exp /nj/.-

Maximum Inrush Bvent Yield over Area A = qgmax.-— The ad-
ditional uncertainty caused by parsmeter A /Eq. 1/ is en-
tered inte the estimation of the DF of gmax.,

The conjugate distribution of a A is a gaema-2 distribu-
tion with twe prior parmmeters «' and f’ such that:

w A/ = fr and 20?2/ - ;‘-}2 116/

m'/A/ and 8'2/1/ are estimated from available prior infor-
mation [4]. The same type of gammg-2 distribution defines
the conjugate distributiomn of & snd 2 ;. A Bayesisn dis-
tributed valus !1 can be simlugod &3 “follows:

1. Generste a value of Ausing a gsmma~2 distribution with
prior parameters «' and '’ . 16/,
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2. Generate a /prior/ Bayesian Poisson variate Nj using
parameteri found in step 1.

The simulstion procedure for estimating & Bayesian die-
tribution of gmax is:

1. Generate & random value of g.

2. Generate & number N of /prior or posterior/ realiza-
tion of a3 /qu Gpy aees qN/. '

3. Pind the value gmax = mAx /qi/; iterate and obtain an
~empirical distribution 1gi<N of gmsx.

Total Yielid ¢ of Inrush Events Over Ares A.--— Using Bqua-~
tion /2/, a exjian distribution ¢f ¢ c&n be simulated in
the following way: v

1. Generate a Bayesian distributed velue of N.

2. Generate & number N of Beyesian distributed values of
%o Qs Gpsevvrlye .
3. A Bayesian mample value of Q is: Q = Elqi.
- . A ig
Kext, in the operation stage, assume that a number n of
inrush events has been observad over an area A, up tc pe~
riod t<T: let m be fhe mean of the logerithm gf observed
inrush yields, and 8~ {he variance of the same quantiiy.
Bayssian distributions are used to obizin more accurate
reliability estimates for the subsequent pericds /t > %/.
Since prior distributicne belong t2 & conjugate family, the
posterior Jfupdated/ parmmeter distribution is of the same
type a8 thes prior, andé the parameters can rendily be cal-
culated as before. Updated Bayesian veriates can then be
generated by the algorithm given in the design etage.

5. Application

The reliability mode]l has been tested and experimentelly
applied using quasi realistic data 2f a mine being plennad
in the Trensdanubien region at a depth of 300 metres below
the karetic water level.

™e system and elementz ¢i mine water control areé presented
in sgsction 2. ‘

Parameters of the impact function /Eq. 3/ are given in Table
1. The same decision rule is used for every face of the mine
in every period. Input date for the reliability estimation
are given in Yable ¢, Hote thet these data aveilable o7 can
be determined [15, 3] in mines or tunnzls subject tc water
hazard.
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The non-Bayesian reliability model utilizes the loading

statistics given in Table 2. Table 3 gives prior informa-

tion on ioading and resistance statistics for the Bayes

model. Tables 4 2and 5 illustrate results of applications

of the non-Bayesian and the Bayesian models, respectively.

Prior information on} , mdlé is inferred from performance
e

data of, respectively, “submerged pumps and sediment removal
ecui pment .

The effect of different grouting strategies is reflected

in the numerical values of ailure probabilities for both

non-Bayesian and Bayesian models. On the other hand, the

Bayesian relisbility estimates are smalier than the non-

Bayesian ones, because, as it can be expected, parameter

uncertainty increases the estimates of failure probabili-
ties.

In the next step. it is assumed that a mine with input date
given in Table 2 and prior loading and resistance given in
Table 3 has been operating for 6 years, During this time,

n = 78 inrush svents heve been observed over the total erea
of faces, A, = 2,6 ki, The mean and standard deviation of
the 1ogaritﬂm of observed inrush ylelds are: m = 0.4, 8 = 0,5,
Table 6 shows the updated Bayesian reliabilities estimated
for the subsequent iime periods /4,5,6/, without any further
change in the origimal input data. It can be seen that ex.-
pected feilure probebilities have become smaller, because

of the smallsr number mnd magnitude of observed inrushes
than predicted in prior information /Table 3/. At the same
time, the failure probablilities are sensitive to the diffe-
rent grouting strategies.

DISCUSSIOR AND CONCLUSIONS

A Bayesisn reliebility system model has been applied to a
quaai real-life mine water control system, In contrast with
& classical reliability modd, this Bayesian approach sccounts
for the uncertainty in statistical information on loading
&nd/or capacity. The fact that Tables 5 and 6 exhibit fairly
high values of tested system failure probvabilities prompts
the following two remarke:

a./ One of the critical events leading to mine flooding is

the failure of the sediment removal equipment. AsB numerical
results show, for & specific fallure time‘l2 = 0,02/year,

it is guits probable to have such a failure“event within

the lifetime of the mine. As & redundancy, provisional storage
of removed sediment is highly necessary. As an cutcome of

this analysis, improved underground sediment settling plan
will be equipped by sediment storage facilities,

b./ The other weak point in the system is the failure event
of submerged pumpe. In the numerical example, no stand-by
was considered, while in reality , at least 2 stand-by pumps
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ars available for the given mining capacity. Using stan-
dard reliability theory [16], it is straightforward to
include a given mumber of standbys into the reliability
modsl.

Based on the resulte pressnted in Tables 5 and 6 practical
Bmeasures can be proposed ss followet

-~ Since failure rate of pumps may be higher in the last
part of their l1ife time, a progrspmed maintainance is ne-
cess for increasing the performance of the pumping sta-
tiom. is zolution seems t0 be more ecomomic that the
increase of the number of standby units.

- In case of large parameter uncertainty an increase of

the number of standby units cammot be disregarded thoughn
the risk of ar sextremely great water inrush may dbe small.
In these cases, provisionsl modes for increasming the stand-
by pumping capacity seem to be more economic. Thie prin-
ciple is used in almost every new eocene mine under con-
struction.

The law of large numbers permits to determine the relation-
ship batween the erroer bound £, of simulation and the num-

ber n of samples simulated[7}

£g = =S
where p_ iz a8 given prohability level. In thie applicstion
nel evente were simulated in each cease; with a pro~

bebility of p = 90 €, Bq. /17/ yields an error hound of
éﬁ w 0,05,

The resulits presented in this paper point to the following
conclusione:

1. T™he relisbility estimation of an underground engineering
s¥3tem, such as & minewater coatrol system, sheuld account
for natural uncerinty in both losdinge amd resistences,

2. The estimation procesdure can be di-plabed o2 & feilure
trea. _

3. A spatisl event-based stochastic modsl can be usad to
characterize water inflow quantities, that is, the loading
of the mine water control system.

4. Resistance of the system corresponds to the capacity of
control elements.

5. System relisbiiities for doth the non-Bayesian and Bayesi-

an models can be estimmtaed by the simulation techniguee
devsloped herein, :
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6. The effect of loading contiol by use of rock grouting
can be accounted for by an impact function.

7. Bayesian reliability estimation is to be used in cases
when /a/ uncertsin loading end/or capacity statistics are
available in the design stage, and /b/ earlier operatio-
nal experience is available and more accurate reliability
estimates are sought{ for subsequent operation periods.

8. Results of the numerical example on a combined mine
water control sysiem have given vhluable information on
how to increase system reliability in an efficient way,
Thers is an urgent need to apply this methodology for
prectical design since both mining investment coste and
gconomic losees due to systems failure are high.
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Table 1,

Parameters of the Impact Function

Alternatives
Pax:ameters Passive Control Moderate Intensive
E/min or Instantan- Grouting Grouting
Drainage
A B c
8y 30 0,35 0,2
2, 1 0.5 0.3
8.3 100 9’0 1:3
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Table 2.-- continued

qij/O/ = inrush yield threshold for disturbance of operation
cfij = water conveyance capacity from faces

CVi = capacity of block water cuts

ko = specific yield of sediment

¢2/¢/ = variance of sediment eetimation

CH = sediment removal capacity

CQ = water capacity of the control sediment settler

cv - water conveyance capacity of the mine water cut

n = nunder of pumps

lQ = gpecific number of failures of a pump

= gpecific number of fajlures of the sediment removal

Jk 3 equi pment

€7
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Table 3.

Prior Information on Loading and Resistance

Loading statistics

Time periods m* s’ n’ m’ /AN s’/A)\/
1 -0.3 0.4 9 4 2
2 -0.3 0.4 9 6 3
3 -0.3 0.4 9 10 5
4 0 0.4 9 36 18
5 o 0.4 9 36 18
6 0 0.4 9 8 4

Resistance statistics:

For all eix time periods

a’/\y/ = 0.11, 8'/hy/ = 0.05, m’/x;/ = 0.02, §'/pny/ = 0.007

€8
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Table 4,

Non-~Bayesian Failure Probabilities for the Whole line

Probability Time periods
of Disturbeance
of operation 1 2 3 4 5 6

A. Passive control
& instantan-
drainage 0.0 0.0 0.0 0.0 0.0 0.0

B. koderate grou- - _
ting 0.0 0.0 0.0 0.0 0.0 0.0

C. Intensive grou-
ting 0.0 0.0 0.0 0.0 0.0 0.0

Probability .

of Flooding /for the first variant/

A. 0.065 0,137 0,466 1.0 1.0 1.0
B. 0,060 0.136 0.299 0.981 1.0 1.0

c. 0.060 0.136 0.299 0.569 0.981 1.0
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Table 5,

Bayesian Failure Probabilities for the Whole Mine

Probability of Time periods
disturbance of
operation 1 2 3 4 5 6
A 0.006 0,006 0,006 0,006 0,006 0.059
B 0.0 - 0,0 0.0 0.0 0.0 0.0
c 0.0 0.0 C.0 0.0 0,0 0.0
Probability of
floo0ding /%or the firet variant/
A 0,086 0,167 0.683 1,0 1.0 1.0
B 0,080 0,153 0.462 0.990 1.0 1.0

C 0.072 0.145 0,361 0,662 0,995 1,0

10
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Taeble 6.

Results of the Updated Bayesian Failure Probabilities
/for the first variant/

Probability of disturbance

Time periods

of operation : 4 5 6

A 0.0 0.0 0.0

B 0.0 0.0 0.0

c 0.0 .0 0.0

Probability of flooding

A 0.380 1.0 1.0

B : 0.360 1.0 1.0

C 0.360 0.594 0.824
71
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I.

- Notation

surface area of underground space
parameters of the impact function

event of simultaneous disturbance of operation
at least in a number K of blocks

event of disturbance of operation in block i
event of flooding in block i

event of flooding in every block

probability density function

event of insufficient sediment removal capacity

event of failure of the sediment removel
equi pment

event of insufficient sediment settler capacity.
event of insuf%icient mine water cut capacity
volume of sediment

serial numbér of blocke i: 1,...,m

serial number of faces in & block j: 1,...,n
event of insufficient pumping station capecity
empirical mean

prior information

posterior information

expectation of log q distribution

event of mine flooding

number of inflow events over area A

the number of data pointe

total yield of inflow over area A

inflow event yield

Reproduced from best available copy



IMWA Proceedings 1982 B | © International Mine Water Association 2012 | www.IMWA.info

Gmax

14, ]
[3% LN

ot

1

. ?.\

(‘{""\

L

maximum inflow event vield over area A

event of disturbance of operation in face /i, j/
empirical variance

stages of operetion t: 1,...,T

parameter of the conjugate gamma distribution
real capacity of the pumping station
parameter of the conjugate gamme distribution
standard deviation

error term in sediment estimation

& normal variate

vector of statistical parasmeters

specific number of inflow events

random variable
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