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Abstract

In dimension stone quarry exploitations such as the marble quarry, a literature review of the existing
numerical modelling techniques has been carried out. According to Distinct Element Method (DEM),
discontinuities have been treated as boundary b blocks and, an
knowledge of joint distribution and orientation was required. The result of analyzing data and simulating in
the fracture rock environment, which is applied to a mining condition of the dimensional stone qyarries. The
research we introduce in the output capacity of the dimension stone quarry from the computer€{mulations to
generate the fracture network in 3D with an aim of evaluating the size of the blocks. work, applications

for marble Thung Khuoc quarry (Nghun pnwmee Vietnam), the results of ni have been used
to optimize some of the tech s one e ensuring stable bench in
the mining operation. For a scpecmc dlmenslon slonc quarry, res the average recovery rate
of blocks from 25% to 36%. The analysed results also allow us mining direction involving recovering
and ensuring safe and stability on the bench

Keywords: Discontinuities, Modelling DEM ens| ne q

1. Introduction
Structural geologms :nd analyze orientation data in mck masses. Th: orientation uf a

discontinuity can be and dip direction [1]. The i i of di

inding comprising the rock mass [2). The properties of discontinuities relative to stability

, roughness and infilling [3]. They are often found on the weakest structural plans

where di ement can develop.

puc umueuwd nnllyzclheluhllnyol' it as they are infli d by the presence of

ie€ontinuiti quarries. The ori of inuil selnhuv: lulhcl!pl:c( of the whole slope or

from the aspect of the benches controls the feasibility of unstable i or ion of the slopes
cut.

In dimension stone quarry exploitations such as the quarry, the stability of the slopes can be considered from
the aspect of slope cut or from the aspect of a bench or from gallery width. The research we introduce is the result of
analysing data and simulating in the fracture rock environment, which applies to a mining condition of the
dimensional stone quarries. We have used advanced tools for analysing the data of joints and simulating the joint
sets. Modelling program RESOBLOK was firstly written by LAEGO and INERIS, basing on the theory of Heliot
(1988) and hego-&vlc des Mines de Nancy-INERIS [4,5]) which is used to simulate cracking rock mass and the
PSMY/Staf module in Mathematica [2, 6] analyses the data of joint set. The model result has been used to optimize
some of the technical for di i stone ion and ensuring stable bench in the mining operation.

2. Uncertainties of input and output parameters
2.1. l.lnoerhlnﬂes of Input parame(en
P such as ities, the fracture ori ion, slope ori ion, model di ions of ;Iupe cuu
etc. were considered as inputs to predict number of set, the poles of sets, hi and statistical of sets,
outputs with an aim of evaluating the size of the blocks, then the output capacity of the dimension stone quarry,
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synthetic indicator of global stability of slope cuts. The complexity of reality does not allow a complete description
of the actual field. The rock mechanics of rock mass depend mainly on the characteristics of the fracture field. It is
therefore necessary to use stochastic models.

This works, the modeling deals with the scale ranging from tens of centimeters to tens of meters, It means
various scales such as metric scale. The method is general and can be transposed to another scale (e.g.. large faults,
fractures, and micro-fissures). The scale fractures are two distinct features can be studied such as the fracture network
with each element is considered as relatively simple (a planar fracture); the single fracture with generally an open
fracture is not a pair of parallel plates,

Applications are increasingly complex, and some involve a complete description of the fracture field. As
fractures are not accessible in their entirety, but only at their intersections with boreholes, outcrops or drifts, one the
first steps in the study of a given site is modeling and simulation of the fracture field. Mathematical morphology
provides a means of fully characterizing a fracture network. It means stochastic models such as models of fracture
systems, we are considering the random set of all the fractures. The knowledge of the functional of models of fracture
systems is the random such as the exact equivalence of the spatial law for random functions and any nonrandom set
of all the fractures. For any set is then by ion and can be esti fygm the sole
realization of the fracture network, In practice, it is not possible to consider any nonrandom f attfhe fractures.

Models of fracture systems used this approach to study a 2D network and its im| ion for 3D studies.
Before using the models of fracture on the stability analysis results, it is necessary, W data are collected
and provided statistical inputs parameters.

There are three main types of survey such as borehole ey
nm:uremﬂmmuﬂuuymadcunonmcdcuufmmm
random, though not regular. Many of the fractures p are approximately parallel to ne one
or several planes. These fractures, which have aj orientation, constitute a fracture sets [1]. The
existence of sets is due to the fact that the (menl s is related to tectonic history. It is best to study the
various sets separately, as mdwullml sets’y 1o be more homogeneous than combined sets. At first task is
to identify the various sets. m ed together with the definition and calculation of the fracture

ys, and arcal surveys. The
orientation of fractures, is not purely

\pruwd by its strike and dip. The strike is the trace of the intersection of the
*Its direction can be specified by its azimuth, counted in degrees clockwise from the
North. If 1 't so that de dip plunges on the right-hand side, the strike azimuth (a unique value between
0 and dip angle (between 0 and 90°) define the fracture orientation. If the strike is not oriented, and
hence js de up to 180°, it is necessary to also specify the approximate orientation of the dip (N, S, E, W). The
stifle is considered as oriented. There are also other systems: some authors use the dip direction instead of the strike
(dip dnemou ml:c din:mon +90), othen express the angles in grades instead of degrees. For calculations, it is
more the ion by a unit vector orthogonal to the fracture plane (the fracture is
translated so as to pass through the origin 0). This unit vector is defined either in polar coordinates or by its direction
cosines.

Techniques to represent fracture orientation cab be found in Terzaghi (1965) with references to other authors
such as poles and axial points, equal-area projection and Schmidt diagram, stereographic projection and Wulff
diagram, contoured polar diagrams [1]. The Schmidt or Wulff diagram shows the existence of different sets. Several
cluster analysis methods have been developed to automatically define the various sets. However, these methods do
not take into account the geometric bias nor the measurement errors, and it is therefore sufficient to define the various
sets from a visual inspection of the diagram. A logists can usually related fractures to tectonic
history, which further helps in the definition of sets.

2.2. Uncertainties of output parameters
2.2.1. Orientation distribution

The statistical modeling of directional data has been studied for a long time such as Mardia (1972). The most
commonly used models for spherical orientations concerning a fracture set are the truncated Fisher, the Bingham,
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and the uniform distributi The ion of these distributions is linked with the reference sphere, is changed is
such a way that the “new”™ North pole coincides with the mean direction of the given fracture set.
There are st methods for estimating the mean direction. Because of the uncertainties associated with

the definition of the “direction” of a fracture and with the measurement itself, and due to the geometric bias. It is
sufficient to identify the mean direction with the direction of the weighted sum of all the unit vectors orthogonal 1o
the fractures of the set. In the study of undirected orientations, the choice of the direction of each unit vector must be
consistent: starting from an approximate value of the mean orientation in the reference system with spherical
coordinates, each of the mean orientation is chosen such that both associated unit vectors form an acute angle.

If the directions are uniformly distril on the upper i the probability density function (pdf)
associated with a surface element ds is ds/(2x). Expressed in spherical coordinates as the surface associated with d8
and d¢ is ds = sinB d6 do, the bivariate pdf (probability density function) of the polar coordinates 8, ¢ referred to the

sphere is by Uniform distributi such as:
£08,6) = -sind D<Benf2 O<pe2n m
with 8 (dip angle), ¢ (27 - strike azimuth) are independently distri # is uniformly distributed on [0,2x],
and cosd uniformly distibuted on 0.1]. o
Fisher ibution is an isotropic il istribution (Priest 1993), the pdf of, *Llr coordinates (8",
@') referred to the reference sphere is: é
F(0.4) = 555 exp(keost') 0<@<n 09, 2

with k is a concentration parameter: for k = 0, the mass js uni il ; for large k, the mass is
concentrated on a small portion of the sphere around the pole ion. It can be estimated k, and used
to check whether the bivariate distribution of (8, ¢) s i
Bingham distribution is expressed in the
fle.4) = i Hnd e:p(kcaszﬂa

with M, =Qe*"dr .
Mare general forms e &\ distribution, which can model anisotropic distribution.

2.2.2, Spacing distri

' ') (Priest 1993}, it has the bivariate pdf:

<mf2 O<¢'<2n (3)

The i f the basic models with a line provides a 1D Poisson process (Priest 1993). Suceessive
and follow an exponential distribution.
-“(m"

- (4)
,II' the lnlal event ‘hscoamnl.uly frequency is A, can be shown that the probability P(k.x) of exactly k events
in an interval of length x, selected at random along the line (Scanline surveys).
The pmbabu.lny of zero events in an interval is found by setting k =0, giving P(0, x) = ™%

2.2.3. Trace length and fracture size

lfﬁmﬁwnuhecnnﬂdﬂrﬁiaﬁlnﬁmmﬂdmncnlc of the smdy, the distribution of their size largely

eq y of i ion and hence the mechanical behavior of the rock mass. In practice, it is not

possible 1o observe the exact size of a fracture. A 2D survey, however, provides the trace length distribution, which

linked with the fracture size distribution. But the i hi of trace length is affected by several biases

that have to be d. For a fixed 3D ion density, there is a better connectivity with a few large fractures
than with many small ones.

2.2.4. General network models

All models can be deterministic or stochastic. The first models were deterministic, which is defined by three
orthogonal directions of equidistant planes. After this, models with purely randum parameters were used, such as the

Poisson process. The model presents the age of displaying many prop L ‘hastic models are
here, because they are better adapted 1o usual applicati T'heir sposition Lo inistic models is easy.
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From a stochastic point view, fracture networks are realization of random sets. The basic models can be found
among the random set models, mainly developed by Maiérn (1960), Matheron (1967, 1975), Miles (1972), and many
others, Fractures are peculiar sets, because their third dimension u negligible with regard to the other two, so that
they are considered here as planar [7]. They will be ibed A ive description from a rock
mechanics point of view can be found in Dershowitz (1984), Heliot (1988), Chilés (1989) [4, 5]. All the models
described common assumptions: all fractures are planar; all fracture locations are equally probable; all fracture
orientations are independent of fracture locations. In order w take account of the complexity of reality, several
generalizations of the basic models can be used such as Iumlrclucal models, cluster models, regionalization ul

density, ete. However, the oriy jon is not ily ibuted. This is even i if di
sets are studied.
3. Methodological
3.1. Design and hodology for stone quarry
Methodological approach was pursued, dcvelwmg md umlg the 2 set and seq of
for modelling of the rock structure mass and di: y: ical data base with ica and

Dips: visualization tool and interface elements expert with Mathematica version 10, RESOBLOE#(3, 4, 5] and

analysis and not a commercial software (see Figure.1). For the design and plannis
quarry, 7 following tasks need to be performed:
Task 1: Site selection, the main objective 1s to identify the most sya
considering the geologic conditions, the quarrying method
Task 2: Excavation of the experimental site and is
of the exploitation, all the necessary instrumentation i
computer models in the excavation of experimenfy g
Task 3: Geomechanical data collestion? o

es and experimental layouts
conditton relating to problems.

mentation system. During the progress
collection of the data required for the

1 of the appropriate 3D rock block models and of the

i
- The geomechanical
the computer simulations.
- To obtain a of rock Blocks and rock mass geomechanical for numerical models.
Fracure Messurements.
i )

\) e
Fracuure Analyss (FSMY, STAF, DIFS)
{msk | and 1)

Represetanon of the frsrered rockmass
RESORLOK)
7 (task 3) T

et duta fen l Tepu data for

k mass characterisation which will provide the input parameters for

= Key-Blocks » @ Stress-Suraie
el (DSA i models (LMGC 90
RESOBLOK __ o 3DEC)
sk 5y e datnfor
Expert sysiesn =
sk 4)

Figure 1 Methodological organization for modelling of the rock mass and discontinuity [9, 10]: PSMY, STAF and
DIPS are the module 1o analyses the data of joint set; RESOBLOK, BSA in RESOBLOK and LMGC90 are used 1o

simulate cracking rock mass.

Task 4: Development and use decision support techniques for predicting cost and quality effective quarry
layouts. It infers the optimal quarry layout for optimum recovery of saleable blocks, reduced exploitation costs, and
optimal rock utilisation from block data base.
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Task 5: Numerical analyses of options (number of discontinuities and sets of fracture obtained) to predict
optimum area openings. It |xed.|c!s optimum site vulh nspecl to pillar size, roof span, and reinforcement system for
each of the underground under i

= Determine average block size and shape for each of the quarries.
- Correlation between benches orientations in the fracture network and the recovery and stability of blocks.

“The Task 6 and 7 are desi, and planning of di ion stone quarry such as:

Task 6: Field investigation of the exploited block size, quality and value. This collects data for the verification
of the predictions of the numerical models and of the decision support system for optimum design of the underground
openings. Verification of the rock block models is analysed, and then numerical modelling predictions is obtained,
finally it was decision support techniques.

Task 7: Design and planning di ion stone quarry itations. The p ion of the
developed and applied techniques in Ihc form of a ufety cost, and quality oriented design and planmng methodology
for di ion stone quarries i

3.2, Analysis of fracture

order to determine the main sets of orientation and to fit the ﬁlcmmplmnlos
The fractures measurements carried out by the operators have been
data base (orientation, spacing of fractures) was permits to d
fracture sets. The results of this analysis were compnmd
‘measurements conducted at large scale in each qu:rry

3.3, Realisation of fracture network simi
The majority of the m the model using the deterministic generator of

RESOBLOK. Other fractures w:re m he statistical generator (the fractures were simulated using the
laws established previously)i no measurement was carried out. As for the other sites, two
successive phases are cond e RFSOBLOK model:

method (2, 10]. This
laws adjusted the various
viously from the fracture

The fracture that, asured and input the RESOBLOK;
- Then, jpsi, @ in which the direct observation is not possible (or where no measurements have been
done), dt di inuities have been d using the statistical laws d ined previously (PSMY

or Staf).

e two Kinds of RESOBLOK fracture generator have been used:

- The first one doesn’t consider the real fracture extension. Some hierarchic rules have been introduced to make
the fractures stop on other fractures (this rule have been defined in order to optimise the representation of fracture
network that the first generator can give);

- The second one takes into account the fracture i ing that the ion of the fracture in equal
to the trace length that has been measured on the wall.

3.4. Minimum block Size

According to the technical aspect, block size depends mainly on the parameters of mining system. breakability,
transport and processing in mine. The minimum size (Vain20,4) of each recoverable block is taken to follow the size
of dimensional stone on the market and current technologies. The blocks which have the size Va2 0.4 m* usually
contain more faults, cracks which requires further processing to complete products from raw dimensional stone.
Blocks with the size Va2 Im’ will research to recover.

3.5. Mining to recover blocks

Exploiting dimensional stones based on the technological phases of cutting blocks from fracture rock
environment. The mining system of horizontal layers, vertical layers, and direct transport on the bench and selective
blocks are mined to follow the minimum block size V.
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3.6. Mining Optimization with stabilizing pit slope

Beside mining optimization to recover maximum blocks, we can to determine some technical parameters, the
risky problem is caused by bench and pit slope failure in mining operation, which plays an important role in the
mining effect for a long time. This study, we choose an assessment method based on limit equilibrium theory to
analyze stability slope of quarry. These stiff blocks are analyzed on the basis of stability algorithm including the
vector method proposed by Warburton (1981) [11] and Mohr-Coulomb criterion with safety factor F=1, both of which
is set up in RESOBLOK. Totally, there are 10-50 random repeat rounds which have been examined and used to check
the stability of all the block on the bench surface.

The distribution of raw block shapes recovered depends on the fracture of rock mass, mining direction and
movement of current benches compared with the direction of the main sets (its mean main family of fracture).
Improving a mining effect means to increase the recovery rate and decrease the risk of unsafe problems. Optimizing
the recovery rate of dimensional stones being available on the market are a target function of the technical parameters:
angle between mining direction and joint set, bench height, dip angle of the current bench.

4. Applications — Marble Thung Khuoc quarry ”
4.1. Analysis of fracture measurements =

In this research, the Thung Khuoc quarry, Nghean province, Vietnam [12] exploits which follows the
standard of normal construction materials. The marble stone is able to be g various tiles. The
dimensional stone products chosen and applied in the calculation and model uous rock environment.

b)
Pxperiment pit M.O1 (a) and 3 main joint sets of the Thung Khuoe quarry, Schmidt grid in hemisphere.
#” According to the result of the exploration report, the Thung Khuoc quarry has estimated reserves of about 10
046 128 m’: in which the normal construction material reserve is about 9 593 189 m’, the reserves producing tiles
and dimension stones are 452,939 m*. The data of joints in the mine are measured by the stations on the surface (8
stations) and joints in drilling cores (5 drilling holes). 3 sets of joints in the mine are identified in Figure 2, Table 1.

Table 1 Basic parameters of the key sets in the Thung Khuoe quarry

Parameters Sets
Set 1 Set 2 Set3
Dip-direction angle (@, degree) 210+220 4050 170
Dng angle (B, degree) 30:40 70:75 60:65
i g degree of set (K) 220 995 1876

Distance between the sets: uniform (a; b) with a and b are respectively
the minimum and maximum values
4.2. Minimum block size

While an average recovery rate of blocks measured with joints on the surface is 20%. in the drill hole is 27.71%
and an average rate of joints approached by exploration on the surface and in drill hole is 23.86%. An experiment pit

©.1;125)  (0.1:1.25)  (0.1;1.25)
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(M.01) is open with aim of quantifying the recoverable rate of different size blocks, in fact, taking samples to discover
its engineering characteristics. The mine M.01 has 7 m long, 4.8 m wide and 3.5m in average height: its volume is
117.6m.

The result of the pit M.O1 has collected 9 blocks with the sizes Vaw 2 0.4 m?, all of which have 5.48 m*
accounting for 4.7% of the volume of the pit.

4.3. Establishing of joint sets and mining orientation

By some scenarios of input data and the position of collected joints, we begin simulating the geometric and the
mechanical conditions of fracture rock which consists of distinct hard rock by using random statistic algorithms.
Joints have not been observed, collected, but they are also put to establish the model which comes from the
distributing rules of statistics when observing and analyzing a group of the joint data. There are two kinds of the
Jjoints used in this condition: infinite-length joints which are affected by the limit of model or other joints in their set;
closely polygon- shape joints, strengthening in specific area between the blocks. In addition, the distance between
joints in each set is important and it decides to block sizes.

Beginning from the exploratory data in the pit M.01 and the initial results on raw stone vol which are
recovered (size, volume and recovery rate) in a typical area of the Thung Khuoc quarry. The

mass in the pit M.01has been chosen to analysis for optimization purpose of the paramet rmmng dnmuon
of the mine such as stabilize bench. The open pit slope ensures mining optimi; as recovering the
maximum size of commercial blocks. Qﬂ
Table 2 Effect of an average number of blocks in the model of I\v@l ionship between the
direction of main joint sets and the pit.
The direction of main sets, m &ng trial an average :u:r of blocks.
set 1 set2
GV 35 368
210220 4 \ 225 382
350 404
Is of joint sets in RESOBLOK with 3 different mining directions of the trial mine,
The resulgs o jons in each direction considering several various random models are shown in table 3

a) b) <)

Figure 3 Model of fracture rock mass in the experiment pit M.O1: the direction of the model parallels to set 1(a);
set 2 (b); set 3 (c).

44. of mining
With a munjmm set, the angle of mining bench direction is parallel or perpendicular to the main set, which
will allow g the i volume of ial blocks (Vue). Optimization needs to be tackled when

appearing more joint sets in the discontinuous rock mass, the basic parameters in mining bench direction need to be
represented properly in order to be able to optimize in the model.
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b)

Figure 4 Plan of mining technology for dimensional stone by wire saw machine and the moving direction of
mining benches.

Figure 4 showing the investigating result of 3 typical mining directions is 1} dicular to sets 1,
2 and 3. The achi results are on the distributing hi \mlhaspecxﬁconkr bl6cks being
equivalent to model volume (in the left column) and the percentage of the volume of (he bl ivalent to the
mining direction of the experiment pit model (in the right column).

The direction of the mining benches length where blocks mined relates lo Imwh opening, the
first mining bench position of the mine and the direction of the main joint nbmmn in figure 5 is the

- Mining direction of 225° the size is with Vi > 0 and with Ve 2 Im’ accounting for
25%

distribution of average values collected from a large number of the r:
- Mining direction of 35, the size is with Vs 2 0.4 m* 1d With Ve 2 lm3 accounting for 36%
- Mmmg direction of 350°, the size is wnh V.. ing

for 60% and with Vs 2 Im’ accounting for

28%.

Wuh the result above, the volvmg in the bench direction of 35” parallels or is penpercular
to primary set direction 1 ( 10 be recover the most block rate of Vs 2 1m” accounting for 36%.
Difference in the reeov ng thc blocks with joint measuring methods on the surface (from 18.75% to
21% and an aves o[ Ilcon: (from 25% 1o 28.7% and an average of 21.71%) and mine opening (14.28%)
and the nj he discontinuous environment (40%) with a group of the data from the 3 investigating
methods shows that there are, in fact, a lot of invisible cracks which have not discovered when
measuring surface. The reason for the difference above is caused by collecting the joint data insufficiently,

hensively and accurately,

From the results above, the 3 exploratory methods above are not satisfied with the conditions on the numbers,
quality of joint data when analyzing and using them for finding out model results, The Jjoint me-unn; methods in a
straight line on the surface are not ensured real joint data (3 di ion) in the di: The method
from exploratory drill has trouble from being not uncertain on the position of steep and very steep joints, In drill hole,
specifying the dip-onientated angle of joints has still been a challenging and constraint problem with engineers,
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Figrure § Histograms distribute a number of blocks with their volumes in the model (in the left columns) and the
of blocks with their volumes (in the right column) which are associated with the direction of the pit: (a,
b) 35" direction; 225° direction and (e, f) 355° direction

In this condition, the data collected from the trial mine MO1 only hold 2%o0 of the mine area (about 33.6 m’ out
of the whole area of 16 thousand m? with an altitude of from 100 to 230 m?). Therefore, updating and complementing
the number and the exactness of the data is necessary for some the phrases of the mine to improve the quality and
certainty of estimated model.

4.5, Mining optimization with stabilizing pit slope

Parameters are first applied to compute for numerical model: the mining bench height H=5m, the mining room’s
width A = Sm, the mining room’ length L = 10m, where we examine safety condition with the angle of a bench slope
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@ = 75°. The basically mechanical characteristics of rock and joint: rock density of 2.7 tons/m’, the joint’ fiction
angle of 30°, the joint's cohesion of 0, the 3 bench directions (35% 225° and 350") compared with the North are
analysed with the stabilities. The result of computing stability on 3 dimensions model has the weak structure shown
in figure 5.

The analysed results above allow us to select the best mining direction involving recovering and ensuring safe
and stability on the bench. When we move the bench with one more mining room, we see that the volume of unstable
blocks in the direction of 350° being at right angle to joint set 1 is the least, which means that the developing direction
of the mine is safe after that it is in the direction of 35", The rest direction of 225” has the unsafest risk [13, 14].

- . | L& : ‘(’

with the North, 35"
ocks with the volume of

a)
Figure 6 Distributing model of unstable blocks on the bench is in a bench diregtiof
(@) there are 6 unstable blocks with the volume of 1m’; 225° (b) there are
22m’; and 350" (¢) there are an unstable block with the volumc 0,52

and bench direction excavation of
mck slope is analysed and evaluated. The
safety for dimension stone quarry in this model.

The application of the methodology of numeri
rock slope cut is provided. The stability conditiog of
lnalysedremlul.llowusloselmtheb:s;mi ing i

4.6. Discussion
Beginning with the
block Vuia, we create an

for the highest. In cgse, uoc quarry in the di of 35° with the North develops toward 2
sides, which 10 0.4 m’ accounting for 60% of recovery rate and Vi 2 1 m' accounting for 36% of
recovery fife. ver, the developing direction of this bench allows the mine to operate relatively safely with Im*
unstab n the 10-length bench. In the section above, we have already determined the key bench direction of

thesmine which is perpendicular to the set 1 of 35° (set 1) compared with the North. The dip angle of stone layers in
set 1 from 30° to 40°. The width and length of mining room are Sm and 10m (some cases depend on particular
benches). In some cases of the stable bench, homogeneous rocks are with a dip angle of 90°, The problem given is to
form the target function of specifying reasonable bench height h with certainly geological conditions (including dip
angle a and space between two joints L) in order to the most recoverable rate of commercial stones.

5. Conclusions

The article shows the discontinuous model of the rock mass in Thung Khuoc dimensional stone quarry, Nghe
An, Vietnam. From the analysing result of the model, we have chosen the developing direction of mining bench
optimizing on the recovery rate and safety in the mining operation. This result allows us to calculate the technical
parameters being suitable to pit parameters and gallery width as well as the best direction of the bench. Furthermore,
we could choose the best mining methods with the aim of increasing mining effect and output, reducing mining
expense and needed investment in mining operation, ensuring safety for dimensional stone quarries. Basing on
advanced models on the computer, we apply and set up the geometric models of joint sets reliably in lhe dneonlmuous
environment from the parameters and features of joints. This technology allows predicting the i
with the most effect and safety in the quarries. Therefore, this could recover the mosl blocks with the sizes wluch suit
to the market demands.
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and lowest Su. Such sands are likely to have
lity of success (POS) of WSO jobs depends on the

of producing water is typically the shallowest sand,
carly water breakthrough if connected to an aquil

clear indication of water from PL data and of'the water-producing sand.
Keywords: | Commingled e ion logging, 3 Water shut-off, 4 Multilayer
lltmdl

c 1on is a method to produce fluids from multiple reservoirs simultaneously. Individual

are considered to communicate only via the wellbore, not within the reservoirs. The technique
is mveom ly applied for gas production than for oil production, MI"I there are mlny eunples ofbom. In
n‘y cases (including gas wells in the Gulf of Thailand), the well is confi; dasa

in Figure 1. The i approach can imize the ic value of a well by accelerating production,
reducing well interventions and achieving faster slot recovery for infill drilling, without the trade-off of reduced
recovery factors.
In the past, ingled ion was ibited by industry I; in many countries. More recently,
the approach has been applied successfully worldwide, espeially in the Asia-Pacific region where hydrocarbons are
q posited in stacked-sand seqe C i wells are normally completed as monobore across the
pay window [1]. Monob: ions have been i ingl: I u\lhzedbeuunoflhmmplmly.lowcr
costs, and ease of well i ions. However, ingled production raises several ch in terms of reservoir
management,
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