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Determination of methane content at Maokhe coal mine from curent
mining to -450 level in Vietnam

VanThinh NGUYEN"", CaoKhai NGUYEN?, VanQuang NGUYEN?, CaoKhai
NGUYEN' and XuanHa TRAN*

! HUMG Hanoi University of Mining and Geology, Faculty of Mining, Hanoi, Vietnam

Abstract. Methane gas is one of the most serious dangers of underground
coal mining as its buildup can lead to methane gas explosion. In
QuangNinh province- Vietnam, several coal mines such as TrangKhe I1-111
coal mine, Khe Cham coal mine, especially MaoKhe mine that have high
methane content. At the MaoKhe coal mine,experimental data showed
thatthe concentration of methane in coal seams at different depths were not
similar.In order to ensure safety, this report has been undertaken to
determine a pattern of changing methane contents of coal seams at
different exploitation depths in MaoKhe underground coal mine.

1. Introduction to Maokhe underground coal mine

Maokhe underground coal mine is located in DongTrieu town, Quang Ninh province,
Vietnam

+ The North, it borders on TrungLuong commune

+ The East, it borders on PhamHongThai commune

+ The South, it borders on 18A road

+ The West, it borders on KimSon commune

Geographical coordinates of Quang Hanh coal mine:

From 106°33'44 + 106°3027  North latitude

From 21°02'33"+21°06'15" East longitude

The expected output of MaoKhe underground coal mine in 2019 is 1 600 000 tons/year.

At the moment, Maokhe underground coal mine is mining at level -250 and this mine is
digging tunnel vertical tilt from level +56 to level -450.

It is therefore necessary to determine the methane content of the coal seams from level -
150 to level -450 of MaoKhe underground coal mine.

2. Coal sampling and methane gas analysis sequense

Take the coal sample from boreholes drilled into the coal seams at a depth of 4.5 m and
put into steel containers, with tightly covered lid.

Samples of coal are fed into a vibrating shaker inMine safety center- Vinacomin's
laboratory to crush the sample by the impact of steel balls. Then introduced into the

- Corresponding author: nguyenthinhtkv@gmail.com
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vacuum gas separation system to separate the gas and determine the volume of gas (Fig 1).
The extracted gas composition was analyzed by VARIAN gas chromatography. Analysis
results from the VARIAN machine will determine the volume of methane gas from each
sample of coal (Analysis results are presented in Section 3).

10

Fig.1. Gas separation diagram by vacuum heat
1.Hot water bottle; 2.Coal sample container; 3.Electric stove; 4.Regulating valve;5.Piet measured the
volume; 6.Pressure vessel; 7. Bottle containing specimen separation gas; 8.Intermediate gas cylinders;
9. Tube; 10. Vacuum machine

From the results of the analysis, establish a relationship between the trend of methane
density and the depth of the coal seam by using Excel software to construct methane gas
prediction graph. Forecast results are presented in Section 4.

3. Results of analysis of methane content in Maokhe underground coal mine

The results of the analysis are shown in table 1 to table 4 with the corresponding coal
seams of Maokhe underground coal mine.

Tablel. Analysis results CH, at N°1CB and N5 coal seam

N°1CB coal seam N5 coal seam
T CH, density T CH, density.
Depths Ty Depths Ty
1 50 0.01787 1 -15 0.253
2 -25 0.311 2 -59 0.467
3 -70 0.32033 3 -80 0.78
4 -120 0.462 4 -100 0.825
5 -150 0.634 S -150 1.05
Table2.Analysis results CH, at N°6 and N°7 coal seam
N6 coal seam N°7 coal seam
T CH, density, T CH, density,
Depths Ty Depths M Ty




1 30 0.299 1 -25 0.366
2 -25 0.399 2 -50 0.938
3 -60 0.422 3 -80 1.01266
4 -80 0.456 4 -120 1.342
5 -100 0.672 5 -150 1.5785
6 -150 0.9582
Table3. Analysis results CH, at N8 and N°9 coal seam
N8 coal seam N9 coal seam
T CH, density, T CH, density,
Depths Ty Depths Ty
1 -25 0.367 1 30 0.356
2 -50 0.52639 2 -25 0.698
3 -80 1.418 3 -57 1.389
4 -135 1.83364 4 -80 2.26722
5 -150 1.988 5 -120 3.59497
6 -150 4.217
Table4. Analysis results CH, at N°9b and N°10 coal seam
NPb coal seam NP10 coal seam
i - T i
Depths CH;ﬁc/J_tla_:zlty, Depths CH% g.?.:sclty’
1 -25 0.1479 1 70 0.21066
2 -58 0.4141 2 32 0.289
3 -68 0.8571 3 -25 0.375
4 -80 1.423 4 -38 0.661
5 -105 1.635 5 -80 0.936
6 -150 3.477 6 -95 1.029
7 -150 1.217

4. Results of gas density forecast methane as mine continue to exploit deeper

From the methane content figures in tables 1 to tables 4, We use Excel software to
graph the gas variability at different levels of coal seams.
The results of the analysis are shown in table 5 to table 8, and Fig 2 to Figure 9 with the

corresponding coal seams
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Table 5. Forecast results CH, at N°1CB and N°5 coal seam
N°1CB coal seam NP5 coal seam
T CH, densit T CH, densi
4 Y, , density,
Depths M Ty Depths Ty
1 -200 0.773 1 -200 1.379
2 -250 0.923 2 -250 1.679
3 -300 1.073 3 -300 1.979
4 -350 1.223 4 -350 2.279
5 -400 1.373 5 -400 2.579
6 -450 1.523 6 -450 2.879
Table 6. Forecast results CH, at N’ and N°7 coal seam
NP6 coal seam N°7 coal seam
T CH, densit T CH, densi
4 Y, , density,
Depths Ty Depths M Ty
1 -200 1.008 1 -200 1.907




2 -250 1.183 2 -250 2.307
3 -300 1.358 3 -300 2.707
4 -350 1.533 4 -350 3.107
5 -400 1.708 5 -400 3.507
6 -450 1.883 6 -450 3.907
Table 7. Forecast results CH, at N’8 and N9 coal seam
NP8 coal seam N9 coal seam
T CH, density, T CH, density,
Depths Ty Depths Ty
1 -200 2.643 1 -200 5.126
2 -250 3.293 2 -250 6.276
3 -300 3.943 3 -300 7.426
4 -350 4,593 4 -350 8.576
5 -400 5.243 5 -400 9.726
6 -450 5.893 6 -450 10.876
Table 8. Forecast results CH, at N°9b and N°10 coal seam
N°9b coal seam NP10 coal seam
TT CH, density, TT CH, density,
Depths T Depths M Ty
1 -200 4.477 1 -200 1.467
2 -250 5.477 2 -250 1.717
3 -300 6.477 3 -300 1.967
4 -350 7.477 4 -350 2.217
5 -400 8.477 5 -400 2.467
6 -450 9.477 6 -450 2,717

4 Conclusion

From the results of the analysis and forecast results from table 1 to tables 8 and figures
2 to figures 9 show the degree of methane storage in the coal seams of the mines with great
variation. And the greater the depth, the higher the gas density. Specific for each seam as
follows:

- For N1CB coal seam: From depths level +50 to depths level -450 the density of
methane contained in the coal seam is determined and predicted from 0.01787 m*/Tke to
1.523m%T«c (This coal seam is ranked | according to QCVN / 03-BCT / 2011, Vietnam)
[4].

- For N% coal seam: From depths level -15 to depths level -350 the density of methane
contained in the coal seam is determined and forecasted from 0.0731m*/Tc to 2.279m*/Tyc
(This coal seam is ranked | according to QCVN / 03-BCT / 2011, Vietnam ). At depths
below level -390 to level -450 the methane content forecasted from 2.5 m*/Tyc to
2.879m%Txc (This coal seam is ranked Il according to QCVN / 03-BCT / 2011, Vietnam)
[4]

- For N% coal seam: From depths level 30 to depths level -450 the density of methane
contained in the coal seam is determined and forecasted from 0.299m*Tyc to 1.883m*/Txc
(This coal seam is ranked | according to QCVN /03-BCT / 2011, Vietnam) [4]

- For N°7 coal seam: From depths level -25 to depths level -250 the density of methane
contained in the coal seam is determined and forecasted from 0.366m°/Tyc to 2.307m*/ Tkc
(This coal seam is ranked | according to QCVN / 03-BCT / 2011, Vietnam ). At depths
below level -280 to level -450 the methane content forecasted from 2.5 m*Txc to



3.907m*Tkc (This coal seam is ranked Il according to QCVN / 03-BCT / 2011, Vietnam)
[4]

- For N°8 coal seam: From depths level -25 to depths level -180 the density of methane
contained in the coal seam is determined and forecasted from 0.367m%/Tyc to 2.5m*/Twe
(This coal seam is ranked I according to QCVN / 03-BCT / 2011, Vietnam). From depths
level -200 to depths -450, the density of methane contained in the coal seam is forecasted
from 2.643m%/Txc to 5.893m*/Tyc (This coal seam is ranked Il according to QCVN / 03-
BCT /2011, Vietnam) [4].

- For N% coal seam: From depths level +30 to depths level -80 the density of methane
contained in the coal seam is determined and forecasted from 0.356m*/Tyc to
2.26722m*/Tyc (This coal seam is ranked | according to QCVN / 03-BCT / 2011, Vietnam).
From depths level -95 to depths -140, the density of methane contained in the coal seam is
forecasted from 2.5m*Tyc to 4m*/Tyc (This coal seam is ranked Il according to QCVN /
03-BCT / 2011, Vietnam), from depths level -150 to depths -320, the density of methane
contained in the coal seam is forecasted from 4.217m*Tyc to 8.0m*Txc (This coal seam is
ranked 111 according to QCVN / 03-BCT / 2011, Vietnam) and from depths level -350 to
depths -450, the density of methane contained in the coal seam is forecasted from
8.576m*/ Tkc to 10.876m>/Txc (This coal seam is ranked IV according to QCVN / 03-BCT /
2011, Vietnam) [4].

- For N%9b coal seam: From depths level -25 to depths level -125 the density of methane
contained in the coal seam is determined and forecasted from 0.1479m*Tyc to 2.5M*/Tke
(This coal seam is ranked | according to QCVN / 03-BCT / 2011, Vietnam), From depths
level -125 to depths -190, the density of methane contained in the coal seam is forecasted
from 2.5m%Txc to 4m*/Tyc (This coal seam is ranked Il according to QCVN / 03-BCT /
2011, Vietnam), from depths level -200 to depths -380, the density of methane contained in
the coal seam is forecasted from 4.477m*Tyc to 8.0m*/Tyc (This coal seam is ranked 11|
according to QCVN / 03-BCT / 2011, Vietnam) and from depths level -380 to depths -450,
the density of methane contained in the coal seam is forecasted from 8.0m%Tyc to
9.477m*/T«c (This coal seam is ranked 1V according to QCVN / 03-BCT / 2011, Vietnam)
[4].

- For N°10 coal seam: From depths level +70 to depths level -410 the density of
methane contained in the coal seam is determined and forecasted from 0.21066m*/Tc to
2.5m°Twc (This coal seam is ranked | according to QCVN / 03-BCT / 2011, Vietnam,
From depths level -410 to depths level -450 the density of methane contained in the coal
seam is determined and forecasted from 2.5m*Tyc to 2.717m%Tyc (This coal seam is
ranked Il according to QCVN / 03-BCT / 2011, Vietnam [4]).
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A Lasso and Elastic-Net Regularized Generalized Linear Model for
Predicting Blast-Induced Air Over-pressure in Open-Pit Mines
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! Hanoi University of Mining and Geology, Hanoi, Vietnam

2 Center for Mining, Electro-Mechanical research, Hanoi, Vietnam
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Hanoi, Vietnam

Abstract: Air overpressure (AOp) is one of the products of blasting
operations in open-pit mines which have a great impact on the environment
and public health. It can be dangerous for the lungs, brain, hearing and the
other human senses. In addition, the impact on the surrounding
environment such as the vibration of buildings, break the glass door
systems are also dangerous agents caused by AOp. Therefore, it should be
properly controlled and forecasted to minimize the impacts on the
environment and public health. In this paper, a Lasso and Elastic-Net
Regularized Generalized Linear Model (GLMNET) was developed for
predicting blast-induced AOp. The United States Bureau of Mines
(USBM) empirical technique was also applied to estimate blast-induced
AOp and compare with the developed GLMNET model. Nui Beo open-pit
coal mine, Vietnam was selected as a case study. The performance indices
are used to evaluate the performance of the models, including Root Mean
Square Error (RMSE), Determination Coefficient (R2), and Mean Absolute
Error (MAE). For this aim, 108 blasting events were investigated with the
Maximum of explosive charge capacity, monitoring distance, powder
factor, burden, and the length of stemming were considered as input
variables for predicting AOp. As a result, a robust GLMNET model was
found for predicting blast-induced AOp with an RMSE of 1.663, R2 of
0.975, and MAE of 1.413 on testing datasets. Whereas, the USBM
empirical method only reached an RMSE of 2.982, R2 of 0.838, and MAE
of 2.162 on testing datasets.

! Corresponding author: buixuannam@humg.edu.vn
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1. Introduction

Open-pit mining projects often have a significant impact on the environment and public
health, particularly in neighboring areas. The increase in environmental pollution caused by
mining operations has been found in the concentrations of wastewater, emissions, radiation,
and related policies [23]. The adverse effects caused by blasting operations in open-pit
mine such as ground vibration, air overpressure (AOp), fly rock, and back-break are also
dangerous agents for humans and the surrounding environment [12, 20, 29, 31]. Of these
side effects, AOp is the most dangerous factor.

Air overpressure (AOp) is one of the side effects of blasting operations in an open-pit
mine. It is caused by the vibration of the air adjacent to the explosive block or by vibration
from the ground. In the case of explosions on the ground, AOp is created directly by the
pressure of the explosive product into the ambient air with high destructive power. This
side effect of AOp is caused by a sudden increase in air pressure that is greater than the
atmospheric pressure at the passing wave. Similar to explosions caused by bombs or
weapons, the blast-induced AOp in open-pit mine is responsible for brain, eyes, ears,
nasopharynx, oropharynx, larynx and trachea (URT), lung, heart, abdomen, and genito-
urinary [26]. At a high level, some pathologies involving the brain, lung, and heart can lead
to death. Thus, accurate control and prediction of blast-induced AOp is an essential issue in
order to reduce its adverse effects on the environment and the surrounding community.

Review of the literature shows that studies focused on the physiological, pathological,
safety threshold and molecular mechanisms of trauma caused by AOp were performed [11].
In addition, the correlation between air overpressure, duration of the blast wave, body mass,
and probability of survival was also found in a study by Bowen, Fletcher [7]. However,
these studies mainly serve the mode of treatment without the ability to predict and control
AOp.

For estimating blast-induced AOp, many scholars have attempted to develop empirical
methods based on the relation of the explosive charge per delay (W) and monitoring
distance (R) [24, 27, 28, 30, 32]. However, in some cases, experimental methods are often
less accurate because the conditions applied in each region are different [15, 16, 20].

In recent years, artificial intelligence (Al) system has become popular and widely
applied in many fields. In predicting blast-induced AOp, many scientists have studied and
developed predictive models with promising results. Armaghani, Hajihassani [4]
successfully developed an adaptive neuro-fuzzy inference system (ANFIS) model for
predicting blast-induced AOp in three quarry sites in Malaysia using 128 blasting events.
Several empirical methods, artificial neural networks (ANN) and multiple regression (MR)
techniques were also used to predict blast-induced AOp and compared with the ANFIS
model. The results revealed that the ANFIS was the best model for predicting blast-induced
AOp in their study with an RMSE of 2.329 and R? of 0.971. In another study, Amiri,
Amnieh [3] performed a blast-induced AOp predictive study based on ANN and K-nearest
neighbors (KNN), i.e., ANN-KNN. 75 blasting events were collected from the Shur river
dam, Iran for their study. The United States Bureau of Mines (USBM) empirical and a
single ANN model were also developed to predict blast-induced AOp. The results indicated
that the developed ANN-KNN is a superior model in comparison with the ANN and USBM
models with RMSE = 1.7 and R’ = 0.95. Based on the hybrid model technique,
Hasanipanah, Shahnazar [17] have also successfully developed a blast-induced AOp model
using particle swarm optimization (PSO) and support vector regression (SVR) algorithms,
namely PSO-SVR. Three forms of equation include linear (L), quadratic (Q) and radial
basis (RBF) kernel functions were applied for PSO-SVR model. Multiple linear regression
(MLR) technique was also conducted to estimate AOp and compared with PSO-SVR
models. For this aim, 83 datasets were recorded at Shur river dam, Iran. However, their



results were not so good with an RMSE of 0.45 and R2 of 0.996 on the testing datasets for
the most outstanding performance of PSO-SVR-RBF. In recent studies, Mahdiyar, Marto
[25], AminShokravi, Eskandar [2], Alel, Upom [1], Armaghani, Hasanipanah [6], and
Faradonbeh, Hasanipanah [13] have also successfully developed blast-induced AOp
predictive models based on Al techniques such as Monte Carlo, PSO, genetic algorithm,
ANN, and gene expression programming. They are really new powerful tools for predicting
blast-induced AOp to control the effects on the environment and public health.

The literature shows that the studies of applying and development of the Al system have
been studied and implemented quite well. However, the fact that they are not applied for all
subjects or in everywhere. Furthermore, no artificial intelligence model can represent all
models to predict blast-induced AOp for all regions. Therefore, in this study, a Lasso and
Elastic-Net Regularized Generalized Linear Model (GLMNET) is developed for predicting
blast-induced air overpressure to minimize impacts on the environment and public health at
Nui Beo open-pit coal mine, Vietnam.

The rest of the article is organized as follows: Section 2 describes the study area and
data used in this study; Section 3 gives an overview of the GLMNET algorithm; Section 4
carried out the development of blast-induced AOp predictive models; Section 5 presents the
results of this work and discussion; Finally, the conclusions and remarks are drawled in
section 6.

2. Materials

In this study, Nui Beo open-pit coal mine, Vietham was selected as a case study for
predicting blast-induced AOp. It is located in the central of Halong City, Quang Ninh
province, Vietnam, and it lies within latitudes 20057°30”N - 20058°30”N, and longitudes
10707°55”E - 107009°00”E (Figure 1). This mine is one of the sizeable open-pit coal mines
in Vietnam with a production of 1,125,000 tons/year; the capacity of overburden is
4.815.000 m3/year [9]. The fragmentation of rock is conducted by blasting method in the
mine. Explosives used on the mine are ANFO, Z113 and AN13 emulsion with 250mm for
blast hole diameter in rock breakage and 42mm diameter for oversize rock breakage.
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Figure 1. A view of the Nui Beo open-pit coal mine, Vietnam

The study area has complex geological conditions, including many faults and folds. The
sedimentary rocks consist of conglomerate, sandstone, claystone, and sandstone with high
hardness. The coal seams with average thicknesses are interspersed in clay layers. Figure 2
illustrates the examples of geological cross-sections of the study area.

Figure 2. The representative geological cross sections of the Nui Beo open-pit coal mine



For collecting data, the maximum of explosive charge capacity (W), monitoring
distance (R), powder factor (P), burden (B), and the length of stemming (T) were
considered as the input variables for predicting blast-induced AOp. The Blastmate IlI
(Instantel — Canada) was used to record the values of AOp from blasting operations (Figure
3). A handheld GPS navigation system is used to determine the monitoring distance. The
remaining parameters are collected from blast design. Table 1 summarized the datasets used
in this study.

Table 1. Summary of the datasets used in this study

w R P

Min. :1382 Min. :104.0 Min. :0.350
1st Qu.: 4460 1st Qu.:269.5 1st Qu.:0.390
Median : 5932 Median :345.5 Median :0.430
Mean :5844 Mean :369.0 Mean :0.426
3rd Qu.: 7250 3rd Qu.:451.8 3rd Qu.:0.460
Max. :10143 Max. :740.0 Max. :0.500
B T AOp

Min. :6.600 Min. :6.600 Min. :79.96
1st Qu.:7.000 1st Qu.:6.900 1st Qu.: 90.76
Median :7.450 Median :7.300 Median : 94.76
Mean :7.442 Mean :7.288 Mean :95.59
3rd Qu.:7.900 3rd Qu.:7.600 3rd Qu.:100.44
Max. :8.200 Max. :8.000 Max. :115.78

In this study area, the maximum of AOp value is 115.78 decibels (dB) at 104m for the
monitoring distance, the mean of AOp value is 95.59 dB. Whereas, the nearest distance to
the surrounding residential is 100m. The allowable noise level in the recommended
occupational is 85 dB, whereas, the people and the workers in the mine must be
continuously exposed to noise beyond the allowable limits caused by the blast. Hearing
difficulties and other cardiovascular diseases can arise. Therefore, they need to be
controlled and predicted to minimize the negative impact on public health.
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3. Details of GLMNET

The Lasso and Elastic-Net Generalized Linear Model (GLMNET) is one of the machine
learning algorithms in the artificial intelligence system introduced by Friedman, Hastie
[14]. The GLMNET algorithms continuously optimize the objective function on each
parameter; the remaining parameters are fixed. It uses cyclical coordinate descent and
executes continuously until convergence [18]. For predicting blast-induced AOp, the
GLMNET can be described as follows:

Let y; is the value to forecast, i.e., AOp; X; is a matrix consisting of input variables such

asW,R,P,B,and T; X, = (X, Xees Xijseres xik)T with k denotes the number of descriptors.
A linear model for each predicted AOp result is assumed as follows:
yi=x B+ 1)
Where f3 is a coefficient, g = (B, B,,...,B;.---. Bi)"; & is the error between the actual

and the predicted AOp values. The coefficients Z are determined that & is minimized. The
residual sum of squares is minimized as follows:

E(B) = ) v = xlp)’ @

i=1

The minimizing coefficients are defined by ordinary least squares method [10] as
follows:

B=&xX)"X"y 3
Where X = (x7,x%,....x7, ..., xDandy = v, Va0 o0 Vir oo V)T



Should be noted that, this equation cannot be solved in the case of k > n becauseX”X
becomes singular. Therefore, the regularized regression technique can be employed for
instead. The loss function for a type of regularized regression, i.e., Elastic-Net is defined as
follows:

n Kk
) D =B +2) (1= a)p? +alf] @

i=1 i=1

By minimizing the loss function of Elastic-Net in equation (4), the coefficients 5 can be
estimated. The factors that are not important to AOp can be eliminated, even if k > n. It
can be seen that, « and A are parameters that determine the performance of the forecasting
model and adjusted for the purpose of the user (0 < a <1). If a =0, this model
corresponds to ridge regression [19]. In the case of @ =1, this model corresponds to
LASSO regression [33]. For each value of «, the A and §§ parameters are defined so that the
loss function E(f5) is minimized. The values of A are determined by leave-one-out cross-
validation method (LOOCYV) [8].

By continuously optimizing the objective function on each parameter while other
parameters are fixed, GLMNET has the high-speed computing power and sparse resolution
in the input matrix x; [18] for predicting blast-induced AOp.

The literature review showed that GLMNET had not been developed to predict blast-
induced AOp. Therefore, it was conducted in this study to assess its applicability and
accuracy level in predicting blast-induced AOp.

4. Developing the AOp predictive models

For developing the AOp predictive models, a randomized data splitting procedure is
performed. Accordingly, the initial datasets with 108 blasting events are divided into two
parts: 80% of the whole datasets (including 88 blasting events) are used as the training
datasets for developing the predictive models; the remaining 20% (equivalent to 20 blasting
events) are used as the testing datasets for evaluating the performance of the developed
models. For the comparison purposes, the United States Bureau of Mines (USBM)
empirical technique is also applied for estimating blast-induced AOp. Should be noted that
all AOp predictive models are developed on the same set of training data.

To avoid overfitting in the development of the predictive models, a resampling
technique is used, i.e., repeated k-fold cross-validation [21]. For the number of data in the
training datasets are 88 observations, we chose k = 10 fold for resampling technique,
namely 10-fold cross-validation with 3 repeats. The detailed of 10-fold cross-validation
resampling technique can be explained in reference [34].

4.1. Empirical

Empirical is one of the methods used to estimate the blast-produced AOp in an open-pit
mine. It is realized by collecting the datasets of blasting operations and using a statistical
method to find out the site factors and forecasting equations. Kuzu, Fisne [22] conducted
AOp predictions by identifying scaled-distanced (SD) based on the United States Bureau of
Mines (USBM) empirical equation to calculate the site factors. Among the empirical
methods, USBM method is the experimental technique was widely used to predict AOp in
open-cast mine based on the relationship between the monitoring distance (R) and the



maximum explosive charge capacity (W), and site factors [5, 15]. The relationship between
W and R is determined through the SD values as below [22]:
(5)

SD =RW %

Where R denotes the monitoring distance (m); W is the maximum explosive charge
capacity (kg); SD is the scaled distance factor (m kg-0.33).
From the scaled distance, AOp can be calculated as follow [22]:

AOp =k(SD)™” (6)

Where AOp is measured in decibels (dB), k and £ are site factors and computed by the
regression analysis method. Depending on the specific conditions of each mine, the site
factors are different.

In this study, the training datasets with 88 blasting events are used to calculate the site
factors of the Nui Beo open-pit coal mine, Vietnam. Eviews software version 8.0 was used
for multivariate regression analysis to determine the site factors in this study. As a result,
the site factors are determined as k=175.307 and $=0.203 for USBM empirical equation.
The USBM equation for predicting blast-induced AOp in this study is described as follows:

AOp =175.307(SD) °%* %

4.2. GLMNET

In GLMNET, a and A are the parameters of the algorithm used to control the quality of
the forecasting model as mentioned. It is complicated to know that which model is the best
for predicting blast-induced AOp in this study. Therefore, a "trial and error" procedure was
performed with 1000 different GLMNET models in the R software environment version
3.4.4. Should be noted that the values of « being in the range of 0 to 1; corresponds to each
value of ¢, A is defined by the LOOCV method so that the loss function was minimized.
The performance of the predictive models on the training datasets is assessed based on the
Root Mean Square Error (RMSE) metric. Figure 4 demonstrated the performance of 1000
GLMNET models with various of « and A parameters in the “trial and error” procedure.
Finally, a best GLMNET model was found with @=0.974 and 1=0.117.
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Figure 4. The performance of the GLMNET models on the training datasets

5. Results and discussion

As regarded, the performance of the blast-induced AOp predictive models was
compared and evaluated on both the training datasets and the testing datasets. The
performance indices include Root Mean Square Error (RMSE), Determination Coefficient
(R2), and Mean Absolute Error (MAE) are used to evaluate the performance of the

predictive models and computed as follow:

n
1 A
RMSE = |~ (v~ y)?
i=1
RZ—1_ Yy — }E)Z
iy —¥)?
n
1 n
MAE =~ -
nZ ly: — il
j=1

®)

)

(10)

Where n is the total number of data, y; is the measured value, y; is the predicted value,

and yis mean of measured values. In the most optimal model, R? should be equal to 1, and

the RMSE and MAE should be equal to 0, respectively.



Based on the developed models and equations (8-10), the performance of the predictive
models on the training and testing datasets are computed as shown in Table 2.

Table 2. Performance indices of the AOp predictive models

Model Training datasets Testing datasets

RMSE R2 MAE RMSE R2 MAE
Empirical (USBM) | 4.195 0.682 2.548 2.982 0.838 2.162
GLMNET 2.837 0.822 1.713 1.663 0.975 1.413

From Table 2, it can be seen that the GLMNET model outperformed the empirical
model on both the training datasets and the testing datasets. The performance of the
GLMNET model reached an RMSE of 2.837, R? of 0.822, and MAE of 1.713. Whereas, the
empirical model only achieved an RMSE of 4.915, R? of 0.682, and MAE of 2.548 on the
training datasets.

As mentioned, the testing datasets as the unseen data are used to evaluate the
performance of the developed models. Accordingly, the selected GLMNET model provided
very high performance with RMSE = 1.663, R* = 0.975, and MAE = 1.413 on the testing
datasets. Whereas, the empirical model only achieved performance with RMSE = 2.982, R?
= 0.838, and MAE = 2.612 on the testing datasets. Figure 5 interpreted the relationship
between measured and predicted values on the testing datasets.

Empirical (USBM) GLMNET
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Figure 5. The relationship between measured and predicted values

As set out in this study, high levels of accuracy are needed for predicting blast-induced
AOp to minimize the impact on the environment and public health. Figure 6 demonstrated
that the developed GLMNET model provides very high levels of accuracy for predicting
blast-induced AOp in comparison with empirical models and measured values for the
testing of datasets.

It can be seen that the GLMNET model works very well in this study with the number
of input variable is high (5 input variables). Whereas, the USBM empirical technique uses
only two input variables for predicting blast-induced AOp. Therefore, a technique for
analyzing the influence of input variables on the performance of the GLMNET model was
implemented in this study. As a result, W, R, P, and T are the input variables that affect the
performance of the GLMNET model with the overall effect level of W is 0.076; R is 6.2609;
P is 0.303; and T is 0.083. The results of the analysis also showed that B is a parameter that



does not affect the performance of the GLMNET forecasting model and should be
considered for elimination during the development of the AOp forecasting model.
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Figure 6. Comparison of predicted values by empirical and GLMNET models

6. Conclusions and remarks

Blasting is an indispensable task for rock fragmentation in an open-pit mine. However,
its undesirable effects need to be controlled to minimize adverse effects on the environment
and public health, especially air overpressure. Based on the results of this study, we draw
some conclusions:

- GLMNET is an advanced artificial intelligence system for predicting blast-induced
AOp in open-pit mine with high accuracy. It is possible to explain the linear relationship
between multiple input variables that affect the performance of the AOp predictive model.
However, the development of the GLMNET model is often complex and takes much time
to find the optimal parameters for the model. In addition, higher input variables require
more careful and thorough data collection.

- The input parameters include maximum explosion charge capacity (W), monitoring
distance (R), powder factor (P), and the length of stemming (T) are the main parameters
that affect the performance of the AOp predictive model. Burden (B) parameter should be
considered for elimination during the development of AOp predictive models.

- The selected GLMNET model in this study is the best of the 1000 GLMNET models
developed. However, some of the other GLMNET models also yielded relatively high
performance. Their combination should be studied and considered to improve the accuracy
of the blast-induced AOp model.
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Estimation of truck-shovel dispatching in Cao Son Open-Pit coal mine
and the ability in applying information technology for increasing its
efficiency
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HUMG Hanoi University of Mining and Geology, Faculty of Mining, Hanoi, Vietnam

Abstract. With many types of trucks and shovels for hauling large volume
of waste rocks to the dump sites and coal to the storages, the truck — shovel
dispatching in Cao Son open pit coal mine is the operation which needs to
be improved. At present, the combination between trucks and shovel is
usually assigned at the beginning of shift and adjusted during the operation
at the mine. The GPS tracking system are integrated into each truck to
monitor the position in real time, but applying this information to find the
best destination to send the truck to satisfy the production requirements
and to minimize truck operating costs is still not used. This paper presents
the estimation of the information system, data, the remaining problems of
truck — shovel dispatching system, from that proposes the application of
available information technology for increasing the efficiency of this
activities at the mine.

1. Introduction

Cao Son surface coal mine, one of the biggest surface coal mine in northeastern coast of
Vietnam, is located in Quang Ninh province (Figure 1). The mine has the mining area of
4.87 km? and the reserve of 48.13 milion tons. At present, the coal production of the mine is
from 2.8 to 3.3 milion tons/year and the waste rocks which need to be loaded and hauled is
from 26 to 32 milion m®year. Therefore, the loading and hauling operation plays an
important role in the whole mining system of the mine. The waste rock is transported to the
outside waste dumps in two types: 1) directly to the waste dump by trucks and 2)
combination of trucks and conveyer belt.

The combination between trucks and shovel is usually assigned at the beginning of shift
and adjusted during the operation at the mine. Although the GPS tracking system are
integrated into each truck to monitor the position in real time, but using this information to
find the best destination for sending the truck to satisfy the production requirements and to
minimize truck operating costs is still not used. The present choice of the mine is the
stratery of fixed asignment of each truck at the beginning of the shift to a specific shovel
and a dump point and this trucks works with that shovel for the entire shift. In the case of
changing in practical operating conditions, such as breakdown of the shovel, the trucks then
are reassigned to another loading position. This strategy ussualy causes more idle times due
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to the lack of trucks or the queues form near paticular shovels. Another strategy is dynamic
assigment of trucks and shovel with flexible asignment of truck after dumping to a free or
less busy shovel is still not applied due to the weak in technology and the large number of
trucks and shovels at the mine. It is clearly that the mine should the way to improve the
truck-shovel dispatching system by applying available information technology for
increasing the efficiency of this activities at the mine.

CAMPHU

Fig. 1. Location of Cao Son surface coal mine [google maps]

2 Real situation of truck-shovel dispatching at the mine

Cao Son surface coal mine is working 3 shifts/day for loading waste rocks, 2 shifts/day
for loading coal and 8 hours/shift. With the diversity of 20 rope shovels and 11 excavators
with bucket capacity from 3.3 m® to 12 m®. The rope shovels were invested about 40 years
ago and sometimes breakdown due to technical problems and maintainance. The other 11
hydraulic excavators are used for both loading waste rocks and coal at the seam. The waste
rock is excavated with the bench height from 10m to 15m by rope shovels or hydraulic
excavators. Coal is loaded with the subbench height from 5m to 7.5 m. As reported by Cao
Son mine [1], the rope shovels mostly are out of date and ussualy damages which lead to
low efficiency of the shovels. The hydraulic excavators are in good quality and meet the
technical requirements of the mine, however, due to the small number, they do not replace
the old rope shovels. For hauling the waste rocks and coal at the mine, there are total 148
trucks are used, which include: 121 trucks with weight from 55 tons to 98 tons for hauling
waste rock and 18 trucks with weight from 32 tons to 40 tons for hauling coal and auxiliary
works. Table 1 shows the types of shovels and excavators used at the mine.

Table 1. Types of shovels and excavators at Cao Son surface coal mine [1]

No. Type Bucket capacity, m’ Number
1 Rope shovels EKT" — 4,6; EKI" — 5A 4.6t05.0 11
2 Rope shovels EKT" — 81 8 8
3 Rope shovel EKT" — 10 10 1
4 Komatsu PC1800-6 12 1
5 Komatsu PC750-7 34 2
6 Komatsu PC1250 6.7 4




7 Hitachi 670 3.5 2
8 Caterpilar CAT — 356 BL 3.2 2

The transportation of waste rock from loading points to dump sites is carried out by a
system of haul roads with different length and slope inside and outside the mine. The
loading time depends on the bucket capacity, digability, and weight or truck capacity. The
queue at the loading points ussualy happens when the trucks with different capapacity are
used at each shovel or excavator. Therefore, the positioning of trucks for transporting waste
rock from a particular mining area to bring profit for the mine is an important but complex
issues. The efficiency of mining operations largely depend on the proper dispatching the
position of truck and shovel, respectively, along the haul roads and dump sites. Type and
number of trucks and shovels is one of the important factors for determining the optimal
paramters of surface mining system. Besides, the running and loading time of trucks at the
shovels will define the efficiency of truck-shovel system. The diversity in capacity of trucks
and shovels at Cao Son clearly shows the complex in dispatching process at the mine. Any
improvement on efficiency of truck-shovel system may save large amount of money in
almost mining procedures at mine but with little or no investment on buying or repalce the
neccesary mining quipments. Figure 2-4 show charts getting from statistical data of
stopping and running time of shovels and excavator at Cao Son coal mine [2].

Rope shovels EKI — 4,6; EKIl — 5A

stopped by other Working time
reason 32%

45%

Repair time
2%

Shift handover
16%

mWorking time M Repair time m Shift handover

stopped by damage m power-off m stopped by other reason

Fig. 2. Working and stopping time of Rope shovels EKT —4,6; EKT" — 5A [2]

Rope shovels EKT — 84

topped by other
reason

Working time
36%

38%

power-off
2%

Repair time
2%
Shift handover
16%

B Working time M Repairtime W Shift handover

stopped by damage W power-off W stopped by other reason



Fig. 3. Working and stopping time of Rope shovels EKT — 811 [2]

Komatsu PC1250

stopped by other
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0%
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Fig. 4. Working and stopping time of hydraulic excavator PC-1250 [2]

It can be easily seen from charts in Figure 2 to 4 that the working time of the rope
shovels is from 32% to 3%, while the stopping time due to damage, repair, and other
reasons is nearly 50%. For hydraulic excavator, the working time is much higher, 63%, and
total stopping time by all reasons is much lower, 21%. Stopping time by damage is quite
high for rope shovels, from 4% to 6%, while this time in hydraulic excavator is only 0%. It
clearly shows the disadvantage in the working ability of old rope shovels in comparison
with new hydraulic excavators at the mine. For both types of rope shovel and hydraulic
excavator, the stopping time by other reasons, that include the dispatching problems, is still
high to very high and this should be strongly reduced to increase the efficiency and
reducing cost from loading operation. The diversity of 8 excavator types and bucket
capacity at Cao Son coal mine proposes the complex problems for truck — shovel system
and it is difficult to solve with practical technical condtions of mine.

For the hauling work, the volume of waste rock is quite stable annually. With the new
investment of conveyor belt system in 2017, the combination of trucks and conveyor belt
prevails over dirrect transportion to the waste dump. Table 2 shows the volume of waste
rocks transported at Cao Son surface coal mine in recent years.

Table 2. Types of shovels and excavators at Cao Son surface coal mine [2]

Year | Total volume, milion | Transported directly by | Combination trucks and
m’ trucks, milion m’ conveyor belt, milion m’

2014 33210 33210

2015 33200 33200

2016 25 800 25 800

2017 25700 12 700 13 000 (50.58%)

2018 21700 4700 17 000 (78.34%)

At this time, the average hauling distance for direct transportation of waste rock to the
dump site is 7.5 km, maximum hauling distance is about 10 km. There are two waste dumps
for the trucks directly unloading the waste rocks and the loading lift height is from 300m to
350 m. For the combination between trucks and conveyor belt, the waste rock is transported
with average distance of 2.5 km to the crushing machine on the surface and then transports
by conveyor belt to the waste dump. Conveyor belt has width of 2 m, velocity from 4.0 to



6.0 m/s, length of 3550 m. Maximum fragment size providing for crusher is smaller than 1
m, maximum output fragment size from crusher to the conveyor belt is smaller than 0.4 m.
As can be seen in Table 2, the volume of waste rock transported by the combination of
trucks and conveyor belt increases the ratio from 50.58% to 78.34%. This proved that this
type of hauling has many advantages on production and cost. According to the plan, the
hauling volume by conveyer belt increases to 20 milion m® in year 2019.

Some difficulties with the hauling work by trucks at Cao Son coal mine such as:
creating dust in dry season, rainy season makes slippery road, mist hides the vision of
drivers, long hauling distance, hight road slope... These dificulties reduce the hauling
capacity of the trucks. The hauling work by truck-conveyor belt requires smaller fragment
size from blasting, if fragment size is large, this will reduce productivity and even causing
stuck which leads to reducing of hauling productivity. Table 3 presents the working
efficiency of trucks at Cao Son coal mine.

Table 3. Working efficiency of trucks at Cao Son surface coal mine [2]

No. Truck Number of truck Working hours
Available | Using % Total | Efficient | % Efficient
trucks number | using time, h time
1 CAT 773E, 58 tons 22 18 82 72683 58883 81
2 CAT 773F, 55 tons 10 9 90 23466 19284 82.2
3 CAT 777D, 96 tons 20 16 80 59350 51945 87,5
4 HD 565-7, 58 tons 42 38 90 126542 107923 85,2
5 HD 565-7R, 58 tons 30 28 93 107074 99746 93
6 HD?785, 91 tons 14 12 86 45256 40746 90
7 Volvo A35D, 32.5 tons 10 7 70 26751 24471 91.5
8 Volvo A40E, 38 tons 8 7 88 28782 28494 99
9 HM 400-2R, 36.5 tons 15 13 87 39799 28148 70,7
10 | Kamaz 6520, 20 tons 10 7 70 8240
11 | Scania P340, 28 tons 10 9 90 40300

The data from Table 3 shows that the number of trucks put into working is from 70% to
93%, that means the trucks in the ready or maintaince state but not in use are still high,
from 7% to 30%, depending on particular truck type.

3 Factors influencing on dispatching strategy at the mine

For monitoring the position of trucks and shovels at mine site, the GPS positioning
devices are installed for each truck and shovel or excavator at Cao Son surface coal mine.
The mine operating engineers can access the information of trucks and shovels at real time.
The 3G signal is covered all mining area, event at the deep bottom of the mine. However,
the lack of modern technology leads to the backward in applying efficient ditspatching
strategy for the mine. The integrated GPS devices only used for tracking and observing
mining equipments, the positioning data is not used to make the decision in real time for
dispatching the truck-shovel system more effiective.

As mention in section 1, the fixed assignment strategy is applying at the mine. The
shovels or excavators with bucket capacity from 3 m® to 5 m® are ussually assigned with
trucks of weight from 27 tons to 58 tons. The bigger buckets capacity of more than 5 m* are
assigned with trucks of bigger 58 tons. The mine is working 3 shifts/day for loading waste
rocks, 2 shifts/day for loading coal and 8 hours/shift. Due to the lack in compatibility of
mining equipment, trucks with different types and capacity run on the same hauling road
and unload on the same waste dump, it is difficult for the operating engineers in executive
work, especially in effectively assigning truck and shovel, and this leads to the reduction in



productivity of each mining equipments, in particularly, and trucks-shovels system in
general.

It can be realized that: some factors influence on reduction of truck-shovel system, such
as: bad fragmetation from the muckpiles after blasting leads to the extention of loading time
and reduction of loading productivity; the different in combination bucket capcity and truck
capacity will lead to the reduction in both loading and hauling productivity of truck and
shovel. This problem can be only solved when applying dynamic assigment of truck-
shovel in real time. To do this, the available information technology infrastructure of the
mine shoul be effectively used and modern available devices or softwares should be applied
for the practical conditions of the mine.

4 Development direction for improving dispatching process at Cao Son surface coal
mine

The tranditional approach focuses on effectively operating the trucks to improve the use
of mining equipments in all procedures in a surface mine. Increasing the use of trucks leads
to increase profit, reduce the size of fleet and increase general efficiency. To get this target,
the mine can apply some solutions such as: improving the operational efficiency of trucks
through increasing productivity and reliable, increasing the truck capacity, combination
trucks with conveyor belt system, using truck lifting system to reduce the hauling time. The
targets for reducing operational costs of a mine also can be done by effectively use the
trucks and shovels with the help of information technology. The truck-shovel system
operated by information technology can increase the hauling capacity with existing trucks
and shovels or get the production target with less number of mining equipments. The
assignment of truck and shovel is carefully considered to increase the use of existing trucks
- shovels and reduce the waiting time in hauling system. The waiting time is the main
reason that leads to low efficiency of mining equipments and it should be reduced to the
smallest.

Many companies have developed mine fleet management system such as “VG Karier”
of VistGroup, DISPATCH of Modular Mining or Link of Caterpilar,... with hardware and
software system to automatically manage the truck-shovel system through GPS positioning
devices [3-5]. In general, the comercial fleet management systems in the world are
developed to increase the used time of mining equipments, increase work discipline, the
operational engineer can reconsider and improve their efficiency. The available information
technology infrastructure at Cao Son coal mine can be used for the integration such system
to manage the trucks and shovels. However, the high investment cost of these commertial
systems is a problem for the mine to apply. This leads to the requirements to develop a fleet
management system with reasonable cost for the mine. With the fast development of GPS
positioning devices, especially a smartphone can carry out this function. Therefore, the idea
of using smartphone in tracking the position of trucks and shovels for managing and
operating works. This device can be programed to interact with drivers of trucks and
shovels to operational center for optimizating calculation.

From above analysis, it can be realized that the application of information technology is
the neccesary trend for improving truck-shovel dispatching process at Cao Son surface coal
mine. Only when the positioning data are managed and then are used for the autonomous
asignment of truck and shovel by information technology, the efficiency of truck — shovel
then can be increased to its maximum ability.

5 Conclusions



Practical conditions at the mine leads to the application of the fixed asigment strategy
for trucks and shovels at Cao Son surface coal mine. Statistical data of working and
stopping times of trucks and shovels shows a clear disadvantages of this dispatching
strategy to the real conditions. The application of fleet managemnt system with the use of
smartphone as tracking devices is the idea that should be encouraged. Due to the its
resonable prices and ability to interact with driver, this device can be effectively use to
develop a good and reasonable system for ditspatching process at the mine.
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Abstract: The paper summarizes the applied experience, the technical
solutions to limit the adverse effects of slope angle in the mechanized
longwall mining at underground mines in the world. The paper proposes
some solutions for enlarging the application field of the fully mechanized
longwall mining technology according to seam dip angle at underground
coal mines belonging to Vinacomin.

The current, Vietnam National Coal — Mineral Industries Holding Corporation Limited
(Vinacomin) is promoting the application of the mechanized coal mining technology, in
order to improve capacity and labor productivity, meet the demand for the economy. In
which, the process of applying mechanized technology to mining coal seams with dip angle
a<35% solved the requirements of capacity, productivity and labor safety. However, in
condition ofsome inclined seams with a dip angle a>20°, the level of efficiency of the
technology decreased sharply (equal to 25 to 30-percent compared to the stable period).
Although the device is designed with the ability to work when the angle is up to 25°, even to
350,

The results of assessment mechanization application process in coal mines in Quang Ninh
in the past ten years show that: Stable working time of longwall accounts for 38% to 45% of
total operating time [2]. The remaining time, the longwall often encountered trouble, in which
the slope factor plays an important role (accounting for 17% of the total unstable operation
time and accounting for 38.6% of the geological problems). If the dip angle is greater than
209, the equipment in the mechanized longwall will work with low reliability, usually occurs
sliding, must stop troubleshooting, affects the durability of the device and reduce exploitation
efficiency.
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Figure 1. Proportion of factors affecting the reduction of longwall production

Therefore, study on some solutions for enlarging the application field of the fully

mechanized longwall mining technology is necessary for underground coal mines in the
Quang Ninh coalfield.

I. Study on some solutions for enlarging the application scope of the fully mechanized
longwall mining technology at underground coal mines

In the world, to exploit coal seams of medium to thick thickness, dip angle above 20° by
mechanized longwall, there are some following solution:

1. Improving the structure of the support.

This method link individual support units into clusters by the anti-topple jacks and face
conveyor with power support by anti-slip device. The addition of large hydraulic jacks with
thrust (or pull) along the direction of the dip angle of the longwall, linking the canapy and
base of the single power support as above is quite effective in keeping the supports and face
conveyor not fall over by the impact of the dip seam, thereby increasing the scope of
application according to the working angle of the power supports and conveyor.

a. Anti-drift system of | pov;/er b. Anti-drift systm of c. Anti-topple system of power
support face-conveyor support



Figure 2. Hydraulic jacks against drifting, anti-topple of face conveyor at mechanized longwall,
Quang Hanh Coal Company

This solution has been practically applied and highly effective in some mechanized
longwall mining at the medium thick seams in Chinese underground mines such as Doanh
Coc Son and Xuong Hung of Ban district - Guizhou; Dai Hung mine - Tao Trang; mine No.
10 - Binh Dinh Son - Ha Nam Province; Tuan Duc Mine - Hac Cuong Mine - Hac Long
Giang Province .... The mechanized longwall have a length of 100 +~ 150m, have coal output
of 350,000 + 600,000 tons/year, some favorable cases, the longwall capacity reaches 1.5
million tons/year, labor productivity reaches 20 +~ 50 tons/work, the exploitation coefficient
reaches 90 + 95% [2]. In Quang Ninh region, the longwall CGH TT-6-1 located in the coal
seams 6 of the Trung Tam area, Quang Hanh coal mine has been equipped with anti-drift
hydraulic jacking system, the longwall relatively stable operation in sloping conditions of
about 25°.

2. Solution of longwall mining in the direction of selling oblique to reduce slope angle.

This solution set the coal face of longwall in the semi-oblique direction to reduce the dip
angle of the longwall. The degree of dip angle of the longwall aiw (compared to the true dip
angle of coal seams o.s) depends on the semi-oblique angle between coal faceand the strike
of the coal seams (or the line of dip) vy.

D

Figure 3. Diagram to calculate the dependence of the dip angle of longwall auw and the angle of the
coalface into the semi-oblique angle y

The relationship between the dip angle of the longwall au, the true dip dip angle of the
coal seam av, inclined angle of the coal face 6 with the semi-oblique angle of the coal face
compared to the the line of dip -y, is represented by the formulas:

sin ay = Sin oV X cOS y; Sin & = Sin O¢s X Sin Y (D)
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Figure 4. Chart of the dependence of the dip Figure 5. Chart of the dependence of the inclined
angle ouw in the semi-oblique angle of longwall y  angle of the coalface d to the semi-oblique angle y



Based on the chart in Figure 4, Figure 5 can be seen in the case of the longwall kiln
perpendicular to line direction of coal seam (semi-oblique angle y = 0°), the slope angle of
the longwall will be equal to the slope of coal seam. For example, if coal seams have dip
angle ocs = 25° and thesemi-oblique angle y = 35°, the dip angle of the longwall will be 20°,
corresponding to a decrease of 5° compared with the seam dip angle.

However, if set the conveyor gateway area of the longwall go ahead the air-return gateway
area, we will create a semi-oblique angle as above, the coalface of longwall will tilt
accordingly at an angle of about = 13 + 14°, easy to happen risk, for example, failed roof,
coal falling. Thus mining operations may stop and major reinforcement begin immediately.

To avoid this phenomenon, we can set the coal face in the opposite direction, The head
area of longwallt is over the foot are of the longwall (Figure 6b) or the foot areas are still
advanced ahead of the longwall but the coal face is straight (Figure 6a).

The area to be repaired to

a, support case of longwall legs first b, support case of longwall head first

Figure 6. The type of coal face in a semi-obliqued longwall

Along with the layout of semi-obliqued longwall, the arrangement: supports - face
conveyor (Figure 7a) is often preferred over the oblique form (Figure 7b) because the
structure of the link between the face conveyor and the hydraulic anti-topple jacks (or
hydraulic anti-slip device) is simpler, easier to fabricate and more durable, as well as the
supports structure of the supports can be reduced significantly less.

The power support

Face conveyor \

a, The power support - face conveyor are
perpendicular in a semi-obliqued longwall a semi-obliqued longwall

Figure 7. The arrangement of the power support — face conveyor in a semi-obliqued longwall



a, Longwall legs first b, Longwall head first

Figure 8. The arrangement of longwall on strike

However, the arrangement of mining in the form of the first part of the longwall goes
ahead, the major disadvantage is that according to the mining schedule, the support system
and the face conveyor will automatically move down, although it is not affected (or subjected
to little) impact by the dip angle. Meanwhile, the coal face of the longwall has legs ahead,
often with the opposite direction of movement, the support and the face conveyor move
themselves upwards according to the progress of mining and effectively overcome the drift
downwards [3, 4].

With the above arrangement, combined with the solution of using hydraulic system, anti-
topple jacks and anti-drifting, the longwall has made relatively good exploitation, avoiding
impacted slippery due to the influence of seam dip angle. Underground coal mine applied
simultaneously with the above two solutions bring good results. For example, the Tuan Duc
mine, Heilongjiang province, China used support HY-300, the KYBLK-70 scraper with
combine machine KWB-3RW exploiting coal seams with average thickness of 2.75m, the
35° dip angle gives mining capacity of 350 thousand tons/year, labor productivity of 10
tons/work or Dong Vinh II mine, Hac Long Giang province using support ZZ4800 / 15/30,
SGZ-764/2 x 200 and shearer MG250 / 601QWD in the longwall length of 114m to exploit
coal seams with thickness 2.7m, dip angle 34° for a capacity of 1.580,000 tons/year, labor
productivity reaches 45 tons/work shift [2].

3. Solution to organize diagrams of mechanized mining coal face in longwall.

This solution use a shearer in one direction from top to bottom. The movement direction
of the machine from bottom to top is done in the form of no-load movement. The control of
shearer in the direction from top to bottom has create the device thrust upward reduce the
slippage effect of the face conveyor indirectly to reduce the slippage effect of the support
because the support and the face conveyor are always linked together.



Figure 9. Diagram of shearer mining coal faceshearer

This solution has been applied at the longwall 10121, 12 mines of Lao Oc Co mine, Quy
Chau province (China), exploiting seams with thickness 1.5 + 5.5 m, average 3.5 m, dip angle
32 + 45°. Synchronous equipment includes the ZFQ4000/15/26 power support, combine
MXG-250/600QWD and the SZ730/400 face conveyor for a 190,000 tons/year capacity.

In order to reduce the influence of the seam dip angle, the coal mine has organized a
mining diagram in one direction from top to bottom, the direction of the moving upwards is
done in the form of no-load. Accordingly, when the coal face is cut, the previous cutting
drum of the shearer cuts off the top coal, the next one cuts the flat coal, each one arranges a
driver. Due to the steep angle of the longwall, during the time of coal mining, the machine
operator must stand inside the column of anti-rig pillars, use the control to manipulate the
control of the machine to avoid falling coal and rock. Due to the longwall dip angle is large,
after cutting coal, the moving position of the support is at least 20 m from the combination
of the shearer, to prevent rolling rock from causing accidents for workers at the time of
moving the support apply the sequence from bottom to top.

4. Solution top coal cavingand reduce the dip angle of the conveyor gateway area of the
longwall.

This solution is only applied to mechanized longwall top coal caving. Characteristics of
the mechanized longwall top coal caving is that after the recovery, the exposed area of the
support on the top coal is significantly reduced and under the influence of the dip angle, the
rear base of power support tends to drift downwards in steep direction, making the support
less stable.

In order to overcome this phenomenon, it is possible to arrange a conveyor gateway
located on the side of the roof to create the scope of the foot of the longwall create a segment
with a low slope angle (Figure 10). At the same time, increasing the recovery progress of
coal (usually, after about 2 steps of exploiting and executing the recovery of coal down). This
solution can improve the stability of the support by indirectly increasing the contact area of
the support with the top coal and a part of the foot of the longwall with a low, almost non-
slip slope will create a base for the support will not drift down.



Figure 10. Preparation diagram to reduce slope angle at the foot of the longwall

This solution has been applied in the longwall 44407 at Vuong Gia Son coal mine - Noi
Mong area to exploit soft coal seam (f = 1), thickness of 13.5 + 23m, dip angle 38 + 49°. The
length of longwall is 145m, located at a depth of 260 + 320m compared to the topographic
surface with longwall height is 2.4m (the remaining coal is lowered to the ceiling) with a
capacity of 53,000 tons/month. In addition, at the longwall 5335 U Lan mine - Noi Mong
area has also applied mining mechanization technology in very soft coal seam conditions (f
= 0.6 + 1.2), average coal seam thickness 8.0 m, dip angle from 25 + 35°. The length of the
longwall according to the line of dip is 110 m, the depth of exploitation is -350 m compared
to the topographic surface, the longwall output reaches 70,000 + 80,000 tons/month.

II. Conclusion

Some solutions for enlarging the application scope of the fully mechanized longwall
mining technology at underground coal mines as above, limiting the adverse effects of seam
dip angle has been drawn from practical experience in underground mines around the world.
The consideration of the application of the above solutions may help mechanized longwalls
at Quangninh underground coal mines to improve the exploitation efficiency.
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Abstract: Mining activity plays a significant role in the national economies
of Poland and Vietnam. For centuries they have been determined by
traditional industries, and now have to face restructuring processes after
discontinuing mining operations. This article presents examples of post-
mining sites in Poland and Vietnam, which require special revitalisation
projects, because of their surroundings. The discussed examples show that
post-mining areas have the potential for developing tourism, recreation and
nature functions. The article indicates that it is necessary to balance the
interests of the beneficiaries of revitalisation processes and, therefore, to
keep in mind the overriding principle of planning - sustainable development.
The authors emphasise that revitalisation projects lend a new quality to post-
mining sites, which can become landmarks of entire regions, and build their
new identity. Polish and Vietnamese experiences, supported by numerous
examples, can provide both countries with inspiration for revitalisation
projects while also serving as a warning against making similar mistakes in
their implementation.

Introduction

Tourism plays an important role in the development of many regions around the world [1,
2]. The World Tourism Organization (UNWTO) has estimated that in 2020 revenues from
tourism will reach the level of approximately 2 billion dollars. National and local-level sites
and objects of exceptional (cultural and natural) value can be protected on the basis of internal
regulations. The most valuable ones can receive a distinction by being included on the
UNESCO World Heritage List (hereinafter referred to as the UNESCO List). Moreover, such
inclusion, in addition to the guarantee of global recognition and significant financial revenues
from tourism, has also some negative consequences. The most often cited one is an increase
in its popularity resulting in excessive tourist traffic [3, 4]. Mass tourism which is based on
the objects of world heritage is heading towards a negative impact on the cultural
environment and contributes to natural resource degradation [5, 6]. Furthermore, one can also
observe an increase in the prices of services and property, which to leads the depopulation of
historic districts and changes in their function. Therefore, it emergences of artificial enclaves,
thus resulting in the area losing its historical character [5]. Such a situation can be observed,
for example in Venice, Florence, Barcelona, Rome, Prague and Kazimierz. The often results
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of aggressive commercialization are the local communities protests against the excessive
development of tourist functions [7]. Decreasing tourist traffic involves the introduction of
restrictions on visitor admission. Some cities have resources which allow them to apply
alternative solutions, and thereby utilise areas previously regarded as unattractive. By
utilising the potential of urban post-industrial areas, they are able to unload tourist traffic in
cities (or parts of cities) included in the UNESCO list.

The aim of this paper is to present the possibilities for adapting (post)industrial areas in
Krakéw and Ha Long. The cities are party included on the UNESCO list and inextricably
connected with mining activity. The paper indicates that the attractive development of post-
mining areas may create an opportunity for reducing the intensity of tourist traffic by
reorienting the direction of sightseeing from main attractions to the post-mining revitalised
areas. Such an approach presents one of the possibilities of developing tourism in large
agglomerations in a sustainable way. The methodology of the study relies on case studies.
The Krakow and Ha Long cities were analyzed, respectively, where in addition to tourist sites
included on the UNESCO World Heritage List, there are (post-)mining sites with potential
for development.

1 The Cities of Krakow and Ha Long as the beneficiaries of the UNESCO list

The Global Destination Cities Index (2018) shows that historic cities with valuable sites
and a rich past are the most often visited cities in the world. They constitute the top
destinations in terms of cultural tourism [8]. This is also the case with Krakoéw. In 1978, the
Old Town, including Wawel, Kazimierz and Stradom, making a unique urban and
architectural complex, were included on the UNESCO World Heritage List. Other things
which attract great numbers of visitors are museums, galleries, celebrations, customs
(Lajkonik, Wianki), cultural events (Jewish Culture Festival), etc. [9].

The Quang Ninh Province with the city of Ha Long is an area with many unique
geomorphological features and sites of historical importance (mainly archaeological) [10]. In
1994 and 2000 Ha Long Bay was included on the UNESCO list due to its exceptional
landscape and geological values.

Tourist traffic intensifies every year in Krakow and Ha Long. In 2018, Krakéw was
visited by 13.5 million tourists [11], while the Quang Ninh Province by 12.2 million people
(including 6.93 million visiting Ha Long in 2017) (Figures 1-4). The growing number of
visitors poses a problem for the functioning of these cities.

Tourists to Quang Ninh in 2017
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Fig. 1-4. Tourists in Quang Ninh Province, Matopolska Region and Krakéw [11-12]

2 The potential of urban post-industrial sites to create tourist attractions

Krakéw and Ha Long would benefit from a policy facilitating the control of tourist traffic
and sustainable tourism management, i.e. one which minimises the negative impact of the
attractions on the environment (natural and cultural values and local community). The
necessity to develop tourism based on the principles of sustainable development is
highlighted in the Strategy for Tourism Development in Krakéw 2014-2020 [13] and the
Environmental Report for the Quang Ninh Province [14]. Nowadays, it can observe more
intense efforts to utilise post-industrial sites for tourist purposes on a global scale [15]. The
study carried out by Kaczmarska et al. [16] has shown that industrial relics used for tourist
purposes are enjoying the interest of visitors and tourists. Traditional tourist traffic is
increasingly often being complemented by niche forms of tourism, which penetrate into all
spheres and levels of landscape in a way that is difficult to control [17]. There are many
known cases of post-industrial sites which enjoy such interest, e.g. Kadzielnia in Kielce [18],
Park Buttes Chaumont in Paris [19], etc. The literature highlights the importance of
developing post-industrial areas in city centers due to their location and transport accessibility
[20, 21]. The use of former mining sites for new investments translates into a number of
benefits, such as counteracting the excessive replacement of urban green areas with buildings,
protecting animate and inanimate nature, protecting material goods (including cultural
landscape) as heritage sites, creating jobs, etc. The authors would like to especially emphasise
that undeveloped post-mining sites often cause accidents (falls, drowning, etc.) which forms
another reason for their revitalisation.

Appropriate landscape management is one of the priorities of the spatial policy in the
European Union. Goal 11 of the Agenda for Sustainable Development refers to access to safe
green areas which foster social integration in urban areas, strengthening efforts to protect and
safeguard cultural and natural heritage, and sustainable urbanization conducive to social
inclusion and participation [22]. The New Charter of Athens underlines the necessity to
rehabilitate the degraded urban fabric [23]. The development of tourism has a crucial role in
the processes of spatial planning and strategic development [17].



In view of the above, it appears justified to combine the two increasingly popular trends
of managing closed mine pits for tourist purposes and balancing tourist traffic, as its excess
has a negative impact on the (natural and human) environment. Krakow and Ha Long are
facing the problem of intensified tourist traffic but have an opportunity to tap into the
potential of post-mining sites to regulate this traffic. This issue will be discussed in more
detail later in the article.

3 The history of the Liban Quarry and the present situation at the post-industrial site

The Liban Quarry (Figure 5), which is the subject of our discussion, is part of the
Krzemionki Podgoérskie, fault-block hills located in the southern part of Krakéw, mined from
the 14 century for carbonate raw materials used for construction purposes (Ostrega, 2004 as
cited in Kotewicz, 1981) [21, 24]. 7 open pit mines has operated in the Krzemionki area. The
Liban Quarry is located at a distance of 3 km to the Main Square, in the Podgorze district
(which was previously a town).

% 4
i\

4”_ .
I/& 1 lﬁﬂ“i\?’\ :
{ anmw\‘,ﬁ.%“
v e

S

Fig. 5. Liban Quarry location in Poland and Krakow (Source: Own work based on OpenStreetMap)

The Liban limestone quarry (Figure 6) was established in 1873. During World War 2
(1942 — 1944) the Nazi-German Baudienst Camp operated the pit. Mining ended in 1986 due
to the significant environmental burden associated with it (air pollution caused by lime
burning). In 1987, the “Krzemionki” mining area was dissolved. Between 1988 and 2004,
the quarry was used as a storage site for construction materials and housed offices of Public
Services Companies [21]. At present (March 2019), the quarry is managed by the Public
Utility and Transportation Infrastructure Office in Krakéw, and is unavailable for
unauthorised persons.

The quarry is characterised by an ecological landscape, where biological elements can
function naturally as a result of natural succession. The pit is a model example of leaving a
post-industrial site to spontaneous succession, resulting in the emergence of uncommon plant
communities. The authors would like to point out that this type of landscape is not very cost-
intensive, with its management not involving high spending, and human activity being of
secondary importance to its formation. In addition to its attractive cultural landscape, the
quarry features valuable historical objects (including the “Szcze$¢ Boze” mine foreman
room, vertical furnaces (Figure 7), as well as silos, a field hospital, and a forge, which are
deteriorating due to the lack of appropriate maintenance. The pit has also been observed to
serve as a place for dumping waste (for instance the toys) (Figure 8).



Fig. 6. The view of the interior of the Liban Quarry (Source: Z. Lacny)

Fig. 7. Vertical lime furnaces in the pit (Source: Z. Lacny)
Fig. 8. The quarry as an illegal waste dump (Source: N. Kowalska)

The Strategy for Tourism Development in Krakéw 2014-2020 recognises the resources
of Podgorze as having untapped potential for the development of new tourism products and
creating opportunities for action for the spatial deglomeration of tourist traffic. Despite its
historical and natural value, the quarry (March 2019) has yet to be managed properly. The
authorities of Krakéw are aware of the problem of excessive tourist traffic in the city. On 5
April 2019, at the UNWTO Mayors Forum for Sustainable Urban Tourism - “Cities for all:
building cities for citizens and visitors,” Krakow signed the Lisbon Declaration. By doing so,
it agreed to adjust its tourist development in a sustainable way, which can help distribute
tourist traffic through appropriate planning. This declaration is consistent with the work on a
strategic document “The Sustainable Tourism Policy of Krakéw” which will be implemented
starting from 2021 [25].

4 The history of Ha Long and the current situation at the mining site

Ha Long Bay has unique geomorphological features, ecosystems and biological diversity.
As the site has been included two times on the UNESCO list, the Bay also made it to the list
of new wonders of the world. Ha Long is an important economic and cultural centre in
Vietnam and a key destination for foreign tourists. Despite its many benefits, tourism in Ha
Long is associated with excessive property prices, high costs of goods and services,
congestion, waste generation, pollution of water, air, and soil, increased noise and reduced
availability of natural landscapes. Ha Long is undergoing extensive development as part of
the northern development triangle in Vietnam, driven by the mining industry, tourism, and
shipping. The literature highlights the necessity for people holding positions of authority to
minimise the negative impact of tourism on the natural environment [26, 27].

The Quang Ninh Province is characterised by the largest number of coal mines in Vietnam
(Figure 9). Hard coal has been continuously mined there for 160 years [28]. It is estimated
that this province holds mineral resources amounting to 3.5 trillion tonnes. One of the largest
mines, the Nui Beo mine (owned by the Vinacomin concern), borders directly on Ha Long
Bay coast. In 2012, the Nui Beo Mine started the transition from open-pit to underground
mining due to geological conditions, environmental standards, and increased tourist traffic in
its immediate vicinity. The project cost VND 5.3 billion (approximately PLN 0.9 million),
facilitating an output of 2 million tonnes of coal and extending the viability of the plant by
34 years.
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Fig. 9. The locations of mining plants near Ha Long Bay (Source: Own work based on Google maps)

In the Hon Gai mining region in Quang Ninh Province, the situation is typical of
Vietnamese hard coal mining industry, with mining sites being located in the immediate
vicinity of residential areas (Figure 10) [28]. Therefore, the appropriate development of this
land, after discontinuing the mining activity, is of crucial importance given the quality of life
of its residents.

Ha Long Bay started to gain popularity in the early 20th century. This was, among other
things, due to the mining activities carried out by French colonisers. After being included on
the UNESCO list in 1994, the number of tourists in Ha Long saw a significant increase (from
236,000 in 1996 to 2.64 million in 2008), and the city became a destination enjoying the
fastest growing tourist interest in Vietnam. Despite the apparently clashing tourist and mining
activities in Ha Long, actions are being taken to unite these two seemingly contradictory
development trends. In 2006, the Quang Ninh Department of Tourism organised pilot tours
of mining plants intended to familiarise the visitors with the part and parcel of miners’ work
and mining technology [29].

5 The possibilities of revitalising the post-mining areas in Krakéw and Ha Long

In Krakow, except to Krzemionki, there are also other mine pits, developed to serve
recreational functions, which are, therefore, intended for other audiences than, for example,
the Old Town. The Liban Quarry, on the other hand, with its historical and natural values,
meets the expectations related to cultural tourism. Ostrega [21] in her doctoral dissertation,
proposes a concept of quarry development with cultural and educational aims in mind
(preserving valuable historical sites, organising thematic exhibitions), supplemented with
natural and recreational functions (preserving animate and inanimate nature, creating cycling
and walking paths, and a climbing wall). Currently (April 2019), Krakow is applying for a
subsidy for the revitalisation of the quarry, which is to include the establishment of a city
park with an area of nearly 20 ha, which will feature a cinema, a climbing wall, suspended
paths, a museum, and a gallery.

Galla [30] points to the tourism carrying capacity of Ha Long being at its limit. Most
visitors stay for a short time (often just for one day), maximising the use of resources while
making a minimum economic contribution to the local economy. There is a need for creating
tourism products which would attract some tourists to Ha Long Bay and encourage them to
stay in the city for longer. This will make it possible to preserve natural heritage while
promoting industrial, economic, and tourism development. The author proposes to establish
an Ecomuseum at the site of the pits, the activities of which would involve local communities.

The RAME - Mining and Environment in Vietnam programme was implemented from
2007 to 2010. Its objective was to develop an integrated planning concept and methodology



in terms of developing the post-mining area. Under that project, several planning criteria were
determined to make decisions about the development of post-mining sites. A concept for
development was devised on the basis of the defined criteria. It was proposed to introduce
recreational and sports functions and to create a public park in place of the present Chinh Bac
Nui Beo waste rock storage facility [28].

Conclusions

Public green areas are desirable elements in the urban fabric of large cities, such as
Krakow. These include areas with recreational as well as cultural and educational functions
— such as the Liban Quarry. On the other hand, in the case of Ha Long Bay, which struggles
with the rapidly growing number of tourists, the appropriate development of the nearby post-
mining sites can contribute to minimising the negative impact of excessive tourist traffic on
valuable natural areas and to engaging local communities in the development of the city.
Taking into account the solutions proposed in the literature and presented in this paper, it
appears reasonable to develop urban post-mining sites. This will undoubtedly contribute to:

e putting into use unused, valuable urban areas (location and historical value);

o protecting UNESCO sites against excessive tourist traffic;

e involving local communities in the planning processes;

e improving safety on post-mining sites;

¢ improving the image of the mining industry (completed revitalisation projects);

¢ minimising the negative impact of tourism on the natural environment and local

resources — sustainable tourism;

Due to varying socio-economic, cultural, and natural conditions, indiscriminate transfer
of solutions applied in one country to another is not viable. Nevertheless, some planned or
already-implemented solutions in post-mining pits in Vietnam can be taken into
consideration and applied in Polish conditions, and vice versa. The authors would like to
point out that the mining facilities in the Quang Nihn Province, as in the case of the Krakow
quarry, should take into account, already at the planning stage, bits of the history of mining.
It forms the basis for the creation of a cultural tourism package based on industrial heritage.
Furthermore, it is crucial to intentionally use the potential of nature in reclamation processes
by providing natural functions and opportunities for the enclaves of wildlife to develop.
Already at the planning and subsequent stages of Liban Quarry development, local
communities should become involved in the decision-making processes, as it was proposed
in Ha Long. This will have a positive impact on the building of relationships and social
identity, which, in turn, will translate into residents’ caring about their surroundings, and
consequently, help to protect natural and cultural heritage.

The exchange of experience will make it possible to avoid mistakes connected with tourist
traffic management and to jointly develop model solutions for the implementation of
sustainable tourism in post-industrial sites. As presented in the conclusions, post-mining sites
have tremendous potential, not only as new attractive destinations but also as places which
allow authorities to reduce tourist traffic in some more popular areas. The presented examples
suggest the possibility of achieving attractive development through the use of natural and
cultural heritage while taking into account the potential of post-industrial sites. It is also
necessary to take into consideration environmental and socio-economic conditions which
guarantee the long-term success of such projects. It is estimated that the revitalisation of the
Liban Quarry will take place in the near future (probably in 2021). Therefore, it is important
to pursue a policy which is aimed at redirecting tourist traffic and utilising mining heritage
when planning further tourism development. It is also crucial to monitor traffic and determine



the tourism absorptive and carrying capacity of the newly created attractions (products), to
protect their value. These measures will make it possible to continuously learn from
experience, and to identify and avoid potential mistakes.
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Assessing the current status of underground mine ventilation system in ThanhCong-
CaoThang area, HonGai coal company, QuangNinh region, Vietnam

Cao Khai NGUYEN"", Van Thinh NGUYEN', Van Quang NGUYEN
"Ha noi University of Mining and Geology, Faculty of Mining, Vietnam

*Corresponding author: nguyenkhaimdc@gmail.com

Abstract. In underground mine ventilation, there are many causes affecting the efficiency
of mine ventilation, even affecting mine safety. In order to have an effective mine ventilation
system, the research and evaluation of mine ventilation, in order to get timely solutions to
improve the efficiency of mine ventilation, is essential and must be done. regularly.

Thanh Cong - Cao Thang coal mine area of Hon Gai Coal Company, Quang Ninh region, Vietnam
is a mine exploited underground. The nature of this mine is the consolidation (connecting) of
Thanh Cong areas and CaoThang areas in the period of 2016. After consolidation into Thanh Cong
- Cao Thang mine, many factors in the mine ventilation system of The mine site is altered and
affects the efficiency of mine ventilation. This article has analyzed and evaluated the current status
of Thanh Cong - Cao Thang Area Ventilation System to help research and select appropriate
solutions to promptly improve the efficiency of mine ventilation and ensure security, ensure a safe
environment and reduce the cost of mine ventilation.

Keywords: Mine ventilation, Working mode of air fan, Main air fan, Thanh Cong-Cao Thang area.

1. Characteristics of current mining and ventilation

Thanh Cong - Cao Thang area is digging from -240 or higher, exploiting from -220 or higher. In general, the
mining situation in 2017 with the mine capacity for the fourth quarter is about 405835 tons/quarter, the mine
must mobilize 9 long mirror and 11 mirrors. In fact, this construction area consists of 2: Thanh Cong area and
Cao Thang area which are merged into one. Cao Thang area is currently exploiting at -160, while Thanh
Cong area is exploiting at -220 or more, these two areas are connected by a kiln connecting level -160 from
Thanh Cong main well to road through the level -160 Cao Thang area [Ventilation room, 2017].

Currently, the mine area is being ventilated by 03 main fan stations: Thanh Cong area with fan station at the
door of +25 (fan of code FBDCZ-8-NO -24 / 2x315kW) and Cao Thang with 2 stations fans include: fan station
at the door tunnel level +20 and fan station at the door tunnel level +29 (with the same fan type FBDCZ-4-NO -
13 / 2x22kW). Wind network diagram is shown as in Figure 1 and Figure 2 ventilation diagram [Tran Xuan Ha,
Nguyen Cao Khai, 2017]. In general, Thanh Cong - Cao Thang area shows that the ventilation work is relatively
convenient, the fan stations are still working at low capacity as 2 fan stations in Cao Thang area working at the
small wing mounting angle. Most (-2.5) while the fan in Thanh Cong area has just worked at the corner of the
wing 35°, also ensure safe ventilation and meet the demand for production for the mine.
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Figure 2. Ventilation diagram of Cao Thang area mine

2. Ventilation calculation for area mine (Thanh Cong - Cao Thang)

2.1. Calculate general air flow for the mine

To calculate ventilation for Thanh Cong-Cao Thang area, we apply the formula [Tran Xuan Ha et al, 2014]:

Q= 1,1(Ks1.ZQic+ZQcb+ZQnt + XQrg); m*/s (1)

Inside:

1.1 - The coefficient refers to the uneven distribution of wind in wind currents.

K- Coefficients to account for the increase in output of the longwall (select kt = 1.1).
2Q, - Total leakage wind flow in mine, m¥/s.

¥Qic - Total amount of wind flow required for the furnace oven, m%/s.



~Qu - Total amount of wind flow needed for the digester mirror, m*/s.

2~Qut - Total amount of wind flow required for station, m?/s.

Calculating the wind flow for long mirror

With the results of calculating the wind flow for long mirror according to 4 factors: According to the largest
number of employees; According to output (methane production); According to dust factor; According to the
largest amount of explosives, we choose the air flow for the long mirror according to the biggest factor. Results
of total wind flow calculation for 9 long mirror: Qy. = 41,0 m%/s.

Calculating the wind flow for the prepareding mirror

With the results of calculating the air flow, the kiln mirrors prepared according to 4 factors; According to the
amount of explosives; According to the escape of methane gas escaping in the oven prepared mirror; According
to the largest number of people working and according to the dust factor, we choose the air flow for the oven
mirror to prepare according to the biggest factor. Results of calculation of total air flow for 11 prepared furnace
mirrors: Qe = 18,3 m¥/s.

Wind flow calculation for pump tunnels and power stations

Based on the capacity and the number of stations we calculate the total wind flow for the stations: XQc, =
7,15 m?/s.

Calculating leakage wind flow in the mine
Based on the number of wind gates and walls in the mine area, we calculate the total leakage of wind flow in
the mine: ZQr, = 13,1m%/s

Calculate the total wind flow for the mine
The results of calculation of wind flow for the mine are as follows: [Tran Xuan Ha, Nguyen Cao Khai, 2017]
Quw=1,1(1,1 x 41,0 + 19,3 + 7,15 + 13,1) = 93,13 m’/s

2.2. Calculate the distribution of wind

Thanh Cong - Cao Thang is ventilated by 03 fan stations located at the door of the furnace: Level +25 is fan
type FBDCZ-8-No024/2x315kW; The level +20 and +29 is the fan type FBDCZ-6-No13/2x22kW. So we have to
calculate the wind flow for 03 fan stations to take charge, to determine the working mode of 03 main fans above.
On the basis of wind consumers, the wind-wind network system, we distribute the corresponding wind to the
wind branches undertaken by 3 fans. Results of wind flow calculation for branches for fans are as follows: [Tran
Xuan Ha, Nguyen Cao Khai, 2017]

-Fan 1 (+25: FBDCZ-8-N024/2x315kW): Qmi = 70,43 m’/s;

- Fan 2 (+29: FBDCZ-6-No013/2x22kW): Q2 = 10,96 m*/s;

- Fan 3 (+20: FBDCZ-6-No013/2x22kW): Qum3 = 11,74 m¥/s;

The results of wind distribution calculation are shown in figures 1 and 2.

2.3. Calculation of mine lowering

As shown in Figure 1, the mine site has 4 main winds. To determine the lower pressure of the mine, we
calculate the low pressure of the wind currents and apply the formula [Tran Xuan Ha et al, 2014]:

h,=>h, +>h, mmH,0 ©)
In which:
> h, : The total hypotension is caused by the frictional resistance of the segments that follow each other in a

wind flow, calculated from the beginning to the end point. This pressure lowering is calculated according to the
formula [Tran Xuan Ha et al, 2014]:

B —a b g2 s mmH:0 (3)
ms i S3 i

In which:

«; : The aerodynamic resistance coefficient in the ith tunnel on the air flow, kGS*m*;

L;, Pi, Si: Length, circumference, cross section of tunnel i;
Qi: The amount of wind going through the ith tunnel, m?/s.



> he,: The total hypotension due to local resistance calculated by a wind flow, in fact is often taken from
(10 - 25%) Hms.

The results of lowering the flow of the following lines [Nguyen Cao Khai et al, 2017]:

Lowering the flow caused by the fan FBDCZ-8-No24 at +25 is responsible for:

h; = 223,01 mmH,O (through 2 serial tunnel furnace: LCBM7-1 level -140 / 1-121 and LCBM7-1 level -118
/-95);

h> = 97,19 mmH>O (LCTC6-2);

h; = 197,29 mmH,O (LCBM6-1 va LC bang V6 BM);

hy =213,77 mmH,O (LCTC6-1);

hs =220,25 mmH,O (LCTC7-1);

hs = 215,94 mmH,O (LC V6 BM Blook4).

Lowering the flow caused by the fan FBDCZ-6-No13 at +29 is responsible for:
h7 = 90,86 mmH-O.

Lowering the flow caused by the fan FBDCZ-6-No13 at +20 is responsible for:
hg = 110,43 mmH,O (through long mirror: LC V11 CT -140/-120).

Balance of low pressure mine:

Here, only the +25 fan station section must be equal to the low voltage, because there are up to 6 main
stream. There are 2 fan stations at +29 and +20 with only one main stream. In order to balance the pressure
lowering of the mine, we apply a balanced method of using wind windows to adjust. The lower pressure of the
mine is chosen as h; = 223.01 mmH,O.

2.4. Calculation determines the working mode of the main fans

Determine the wind flow of fans to create
- Calculation of fan wind flow to be created, we apply the formula [Tran Xuan Ha et al, 2014]:

0,=K0,m/.

In which:

“)

K. - Leakage coefficient at fan station, semi-fixed fan station get K, = 1.15
Qm - Airflow required for the whole mine, m?/s
The results of calculating the airflow for fans are as follows:
- Fan 1 (+25: FBDCZ-8-N024/2x315kW): Qqi = 81,0 m?/s;
- Fan 2 (+29: FBDCZ-6-No13/2x22kW): Qg2 = 12,6 m’/s;
- Fan 3 (+20: FBDCZ-6-No13/2x22kW): Qg3 = 13,58 m’/s;
Determine lowering the fans to create
Lowering the pressure of the fan is calculated according to the formula [Tran Xuan Ha et al, 2014]:

Hq = (kl.Rm + Rtbq).qu , mmH,O (5)

In wich:
ki- the coefficient refers to the leakage at the fan station, k; = 1/k?, k; = 0.76

Rm - mine resistance, ku; For mine site, we have the resistance of kiln branches corresponding to 3 fan
stations as follows: Rm1 = 0.04496 kp; Rm» = 0.75592 kp and Rz = 0.80118 k.

Ryq- internal fan fan resistance (Rtbq = a. ©/D*), kp. For the main fans of the mine site, we have the resistance
of the kiln branches corresponding to 3 fan stations as follows: Ripgqi = 0.0047; Ribg2 = Rings = 0.055;

Instead we have the Lowering the pressure of the fans to create:

- Fan 1: +25 (FBDCZ-8-N024/2x315kW): hq1 = 255 mmH,O0;

- Fan 2: +29 (FBDCZ-6-No13/2x22kW): hg = 100 mmH,O;

- Fan 3: +20 (FBDCZ-6-No13/2x22kW): hgz = 121 mmH,O.

Determines the working mode of the main fans

The calculation and determination of the working mode of the main fans are as follows: [Nguyen Cao Khai et
al, 2017], [Nguyen Cao Khai et al, 2015]

+ Determining equations and building characteristic lines of mines:

The equation of the mine characteristic curve of the branches to 3 fan stations is as follows:

- Fan 1 (FBDCZ-8-N024/2x315kW): h; = 0,03887.Q%

- Fan 2 (FBDCZ-6-No13/2x22kW): h, = 0,6295.Q%;



- Fan 3 (FBDCZ-6-No13/2x22kW): hgs = 0,6639.Q2.
+ Working mode of main fans

The results determine the working mode of the main fans as follows:
- Fan 1 (+25: FBDCZ-8-N024/2x315kW), as shown in Figure 3

With fan working parameters: Fan flow generated: Qe = 88 m?/s; Fan-induced pressure drop: hey = 305
mmH,0; Wing mounting angle of impeller: 6 = 35° and Fan performance: n = 0.73.
- Fan 2 (+29: FBDCZ-6-No13/2x22kW), as shown in Figure 4.

With fan working parameters: Fan flow generated: Q. = 15,3 m*/s; Fan-induced pressure drop: hey = 147,4
mmH,0; Wing mounting angle of impeller: 8 = -5° and Fan performance: n = 0.72.
- Fan 3 (+20: FBDCZ-6-No13/2x22kW), as shown in Figure 5.

With fan working parameters: Fan flow generated: Q. = 15,4 m’/s; Fan-induced pressure drop: he = 149
mmH,0; Wing mounting angle of impeller: = -5° and Fan performance: n = 0,73.
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Figure 3. Graph of determining the working mode of the fan FBDCZ-8-No024 at the door of tunnel the level +25 Thanh Cong
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3. Results of assessment of the current status of the mine ventilation system

The results of the survey and assessment of the current ventilation system are as follows:

- General ventilation method for existing mine is the method of use suck ventilation. This is a reasonable
ventilation method. The diagram of the wind network is generally quite complicated, with many cross branches.

- The quality of ventilation for longwall kilns is generally not very good about the amount of wind needed to
be supplied, because in the 7 kilns operating of mine, there are 3 longwall ovens that still lack wind, although not
big, on the other hand the content of toxic gases or harmful (CO, and CHy4) are all below the permitted limit.

- In terms of microclimate conditions, the quality of ventilation is guaranteed, however, the humidity is quite
high. Therefore, in general, microclimate conditions in the mine are not comfortable.



- For the prepared oven mirrors, it is similar to that in the longwall oven, the quality of ventilation for the
new kiln mirrors basically ensures the minimum amount of wind and the ability to dilute toxic gases, explosive
gases, but about microclimate conditions are not really good because the humidity is still high.

- The quality of ventilation works is generally not good. At the fan station, there is still a lack of fan window
to check the working mode of the fan (flow and low pressure). On the other hand, three main wind gates at the
door level of +25, +29 and +20, where 3 main fan stations are located, do not guarantee airtight quality.
Therefore, the amount of wind leakage through these three wind gates still exceeds the permitted standard. This
makes the three main fan stations work bigger than required.

- All 03 main fan stations have working modes to ensure ventilation requirements. The amount of wind
generated is higher than the calculation required for a certain amount of wind: The kiln door is +25 excess 7 m®/s
(about 8.64%), the kiln door is +29 residual 2.7 m3/s (about 21.4%) and the kiln door is +20 surplus 1.9 m%/s
(about 14.1%).

4. Conclusion

The results of calculation of working regime of the main fans in Thanh Cong - Cao Thang area, Hon Gai
Coal companie show that the current ventilation capacity of the fan stations is suitable and ensures to meet the
current ventilation. Reserve capacity of the main fans remains, especially the fan station at +25 Thanh Cong
area. However, 2 fan stations are at +29 and +20 levels in Cao Thang area although the reserve capacity is still
available, but because these two fan stations are used as fan type FBDCZ-6-No13, the ventilation capacity is not
large. storage capacity of maximum flow is only about 17m3 / s, although only working at the angle of wing -5
installation, but the wind flow only increases by about 3.5m3 / s. Cao Thang area currently has only 1 kiln
longwall, so in the future when Cao Thang area will bring in a new furnace to operate, it is necessary to consider
replacing the new fan station. It is considered that the reserve capacity of the +25 fan station in Thanh Cong area
is still high, but due to the connection of the two new areas at -160, it is impossible to bring dirty wind from Cao
Thang area to turn. Return and exit the +25 level door of Thanh Cong area.

The solution when operating an additional longwall in Cao Thang area to operate to increase the mining
output of the area as planned, the company must calculate additionally replace a station fan at the door level +20
or replace Both 2 fan stations in Cao Thang area with a fan station with large ventilation capacity and equivalent
capacity of FBDCZ-8-No024 [Babak GA, KP Bocharov, AT Volokhiev. 1982].
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Improving the operation of earth fault relays by auto earthing-
connection at earth fault situations in 6kV mining grid of Quang Ninh
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Abstract. Single phase earth-fault in MV grids usually causes overvoltage
that harm to human being and electric equipments. In 6kV mining grids of
Vietnam, earth fault which is majority incident accounts 55% to 73% of the
total faults. When earth fault occurs many grids’ eco-technical parameters
will be affected. Moreover, the overvoltage and earthing current can lead to
serious electric shock accidents caused mainly by stepping-overvoltage or
touching-overvoltage. One of earthing relays requirements is to trip in
minimum time duration in order to reduce the magnitude of earthing currents
and overvoltage. Base on the simulation in Matlab, the paper suggests a prior
connection diagram that allows an auto earthing-connection for improving
the better performance of relays. The utilization of the diagram will help to
decrease the tripping time of relays, reduce the amplitude of internal
overvoltage as well as enhance the safety for human beingin case of
earthing incidents.

1 Introduction

In the Quang Ninh 6 kV electrical network, one-phase earthing is the majority failure,
accounting for 61 + 85% of all types of incidents [1]. This incident significantly affects to
the normal operation of electrical network as well as apparatus in the mines. In mining 6 kV
grids, to ensure the electrical safety, it is impossible for operators to directly contact with
parts grounding to earth. It is also impossible to have contacting voltage, step voltage and
induction voltage. Therefore, it is necessary to eliminate immediately the earthing point from
grid as well as decrease the amplitude of earthing current. One of the most effective solution
is to automatically connect the earthing point by a small resistor in order to reduce internal
over voltage and decrease the effecting time on human body.

2 Theory and the simulation results

Based on the theory of earthing phenomena in isolating neutral [3,5], the incident earthing
current will depend on grid’s parameters and short-circuiting the connection diagram
describing the method mentioned above is shown in Figure 1.

* Corresponding author: hovietbun@gmail.com
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Fig. 1. Connection diagram of earthing circuit with a short-circuiting resistor.

In Figure 1: Z-line impedance from the source to the earthing point;
Rum-Short-circuiting resistor;
Rcq — Earthing resistor;
Z.¢-Insulation resistance of phase to earth;
I- the length of conductor to earthing point;
Ieq-Earthing current;
Uca — Voltage across the earthing resistor;
Ea, Es, Ec — electromotive force of source;
Zi — Load impedance.

Earthing current is determined by:

1,=U, 32, =22

(Rm, + 14,]22 + (M(z +3Z, )+ 2R, + Z,, )ZZ, Bz, Ry +Z.4(Z

nm*Yed
3 cd

+R NZ +2,)
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Because insulation resistance of phase to earth is much bigger than other impedance,
therefore the equation (1) could be shorten as equation (2):

Uf (3Zta[an - Zch )

Za,z(;z +Z,+(R, +R, )(1 + ZZHB

[L‘d =

2)

From equation (2) some following relations could be obtained:
+ The relation of voltage across the earthing resistor and short-circuiting resistor.
+ The relation of earthing current and short-circuiting resistor and earthing resistor.

As mentioned in [2], the value of earthing current depend significantly on capacitance
and insulating admittance of each phase to earth. Two these latter quantities are expressed by

(3):



C, = 0,00041+0,00399N ,, +0,0079N e,y +0,01259L;, , +0,19559L. ,, uF
G, =1,07801+ 0,07271N 5, + 0,10825N p.,py +0,17192Ly ; +2,24998L. ;, 1S

3)

Formulate a simulating diagram as figure 2 with the values of components as: Cr

=0,021pF/phase, Rr=327,99kQ/phase, Rd = 2,662Q, Ld = 0,0047Q; Stt = 969,1 kVA, Rt =
35,521Q, Lt = 0,065Q.
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Fig. 2. Simulation diagram of 6kV grid expressing earthing incident.

Figure 3 shows the simulation of 6kV grid with earthing phenomena containing the
automatically connection of short-circuiting resistor at t=0,1s.
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Fig. 3. Simulation diagram of 6kV grid with short-circuiting resistor Rom.

By utilizing a short-circuiting resistor at t=0,1s, the amplitude of over voltage is reduced
greatly, the waveform of earthing over voltage (blue curve) is shown in figure 4.

Fig. 4. Earthing voltage wave-forms without a short-circuiting resistor (a) and with a short-circuiting
resistor (b). The resistor is short-circuited at t=0,1s.

Implementing some other simulation with different value of Rum, the series value of
earthing over voltage depending on value of Ruy are form as curve in figure 5. The series
value of earthing current depending on value of R, are form as a curve in figure 6.
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3 Conclusion

The above simulations show that: By utilizing a short-circuiting resistor at earthing point
of 6kV grid, the following advantages could be deducted:

+ The amplitude of earthing over voltage is reduced significantly. In figure 5, the earthing
voltage is only one seventh (nearly 20V) if Rym = 50Q2.

+ The earthing incident current is also decreased effectively when the value of short-
circuiting resistor is big enough. In figure 6, this current reduced from nearly 35A (without
any short-circuiting resistor) to SA (with short-circuiting resistor Rn, = 50Q.

Obviously, when the over voltage is reduced, its influence on equipment insulation is also
decreased. The amplitude of earthing current is reduced, the possibility of appearing arcing
current on 2 other phases is also decreased. This advantage is enhanced significantly the
reliability of power supply.

References

1. Ho Viet Bun, “Reasearch and evaluate overvoltage transience caused by single phase-
ground failures in Cam Pha-Quang Ninh underground mines' 6kV grid”, International



conferrence of Advanced in Mining and Tunelling 21-22 October 2014, Vung Tau, Viet
Nam, pp. 409-411

Ho Viet Bun (2015), “Research for determining 6kV gird’s insulation indicators in
Quang Ninh open pit coal mines”, Second international conference on scientific research
cooperation between Vietnam and Poland in earth sciences (VIET-POL 2015), pp. 507-
513

Cupora, .M., Kucnenko, C.H., Muxaiinos, A.M. PexuMbl HEUTpaJId dJEKTPUIESCKAX
cereii/— Kues: Hayk. nmymka, 1985. — 264 c.

I'ypeBuu, B.W. HekoTopble TeXHUYECKHE aCMEKThI MPOOJIEMBI 3aIIUTHI OT 3aMBIKAHUH

HAa 3EMJIF0  DPACHpPENCITUTEIbHBIX CETCH CpeJHEro HampshKeHHs/ -  OKypHAI
«IIpombinuteHHas sHepreTrKay, Ne 1 — 2001

Cepos B.U, Ulyukuii B.1, Sryaaes 5.M. Metonsl u cpencTBa 60pbObI ¢ 3aMBIKAHHSIMH
Ha 3eMJII0 B BBICOKOBOJIBTHBIX CHCTEMaX FOpHBIX npennpustuii, Mockba “Hayka” 1985



Developing an Advanced Soft Computational Model for
Estimating Blast-Induced Ground Vibration in Nui Beo Open-pit
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Abstract The principal object of this study is blast-induced ground
vibration (PPV), which is one of the dangerous side effects of blasting
operations in an open-pit mine. In this study, nine artificial neural
networks (ANN) models were developed to predict blast-induced PPV in
Nui Beo open-pit coal mine, Vietnam. Multiple linear regression and the
United States Bureau of Mines (USBM) empirical techniques are also
conducted to compare with nine developed ANN models. 136 blasting
operations were recorded in many years used for this study with 85% of
the whole datasets (116 blasting events) was used for training and the rest
15% of the datasets (20 blasting events) for testing. Root Mean Square
Error (RMSE), Determination Coefficient (R?), and Mean Absolute Error
(MAE) are used to compare and evaluate the performance of the models.
The results revealed that ANN technique is more superior to other
techniques for estimating blast-induced PPV. Of the nine developed ANN
models, the ANN 7-10-8-5-1 model with three hidden layers (ten neurons
in the first hidden layer, eight neurons in the second layers, and five
neurons in the third hidden layer) provides the most outstanding
performance with an RMSE of 1.061, R? of 0.980, and MAE of 0.717 on
testing datasets. Based on the obtained results, ANN technique should be
applied in preliminary engineering for estimating blast-induced PPV in
open-pit mine.

1. Introduction

Blasting is one of the most effective methods for rock breakage in open-pit mine.
However, its environmental impacts are significant and should be considered,
including ground vibration (PPV), air overpressure, and fly rock [14, 17, 32]. Of
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these side effects, PPV is a significant influence on surrounding structures such as
benches, slopes, groundwater, and residential areas [21, 28, 34, 32]. Therefore, the
precise prediction of PPV is necessary to minimize adverse impacts on the
surrounding environment.

The level of PPV is influenced by different parameters. They can be divided into
three main groups: blast design parameters, explosive parameters, and rock mass
properties [18, 26, 57]. Of these main groups, the blast design parameters are
controllable parameters including blast hole diameter, length of the borehole,
explosive capacity, column charge length, length of terming, powder factor, spacing,
methods and diagrams of blasting [26, 35]. In the explosive parameters, type of
explosive (ANFO, water gel, emulsion, or dynamite), the velocity of detonation
(VoD), its density, powder factor (kg ANFO/m®) are also controllable parameters
[24]. Unlike the parameters of the first and second groups, the parameters of the
third groups are uncontrollable parameters such as rock hardness, cracking,
stratification, burden, and compressive strength of rock [20]. Based on the
parameters of these groups, it can be seen that accurate prediction of PPV is not
simple. Because of its complexity, many scientists have chosen to approach
experimental techniques for estimating PPV based on two major parameters, the
explosive capacity (W) and the monitoring distance (R) [7, 22, 37, 43, 51, 59].
However, based on the results of some studies, empirical techniques are often less
accurate and do not applied in all sites [23, 29, 36].

Reviewing recent literature shows that the complexity of the parameters that
affect PPV can be solved by artificial intelligence (Al). Sheykhi, Bagherpour [55]
have developed a hybrid model using Support Vector Regression (SVR) and Fuzzy
C-means clustering (FCM) algorithms (FCM-SVR) for predicting blast-induced
PPV in Sarcheshmeh copper mine, Iran with 120 blasting events and 7 different
parameters. The SVR model and the United States Bureau of Mines (USBM)
empirical equation were also used to evaluate the effectiveness of the FCM-SVR
model. Their results indicated that the SVR model provided higher performance than
the USBM experimental technique. In particular, it achieved optimum performance
when combined with the FCM algorithm and the FCM-SVR hybrid model proposed
to predict the actual PPV. In another study, Ragam and Nimaje [48] have developed
a simple artificial neuron network with a hidden layer consisting of 5 hidden neurons
and a feed-forward back propagation algorithm for predicting PPV in ACC mine,
Iran. The results showed that the ANN model predicted PPV better than other
techniques they have tested. Based on neural network, the group method of data
handling (GMDH) model was developed by Mokfi, Shahnazar [39] to predict PPV
in a quarry of Malaysia, using 102 blasting operations. They concluded that GMDH
forecasting technique could be presented as a powerful technique in predicting PPV
with R? of 0.911 and RMSE of 0.889. In addition, research on the application of Al
hybrid models and experimental techniques was conducted by Hasanipanah, Amnieh
[26] with the fuzzy system (FS) and imperialistic competitive algorithm (ICA) to
predict PPV in Miduk copper mine, Iran. Their research has shown promising results
with an R? of 0.942.

Based on the review of the literature, it can be seen that Al techniques have been
studied and developed quite firmly in the predicted blast-induced PPV in open-pit
mine. Nevertheless, no model can represent all areas of study. Thus, in this study,
we develop some ANN models for predicting blast-induced PPV in Nui Beo open-
pit coal mine, Vietham. Another model, namely Multiple Linear Regression (MLR)
and the United States Bureau of Mines (USBM) practical techniques were also used
in this study to assess the effectiveness of the developed ANN models.



The article is organized into six sections: Section 1 gives an overview of the
literatures and the reasons for doing this research; Section 2 summarizes the study
area and the data used; Section 3 gives an overview of the methodologies used;
Section 4 develops PPV forecasting models; Section 5 presents the results of this
work and discussion; Finally, the conclusions and recommendations in this work.

2. Study area and data used
2.1. Study area

The site selected for this study was Nui Beo open-pit coal, Vietnam with a
production of 1,125,000 tons/year; the capacity of overburden is 4.815.000 m*/year.
It located between latitudes 20°57°50” N and 20°58°35” N, and between longitudes
107°7°50” E and 107°8°50” E (Fig. 1). The most striking feature of this study area is
that it is located between Ha Long City, where Ha Long Bay is one of the seven
natural wonders of the world recognized by UNESCO [47]. The residential area is
adjacent to the mine with a distance of about 100m to the nearest residential unit.
Therefore, the mine must be conducted in parallel two methods of rock breaking are
drilling-blasting and mechanical equipment. Of these methods, drilling and blasting
accounted for 98% of the total capacity of rock breakage.

105°00"E 110°0'0"E 107°7'30"E

107°8'20"E 107°9"10"E

Viet Nam

105°0'0"E 110°0°0"E 107°7'30"E 107°8'20"E

Fig. 1 Location of Nui Beo open-pit coal mine

Explosives used on the mine are ANFO, Z113 and AN13 emulsion with 250mm
for blast hole diameter in rock breakage and 42mm diameter for oversize rock
breakage. The blasting method was applied in Nui Beo open-pit coal mine is non -
electric delay blasting. Explosive capacity in an explosion is up to 20,000 tons. As
the mine is near the residential area and the explosive capacity used in each blasting
event is large, the impact of PPV is not small. Moreover, the Nui Beo open-pit coal
mine has repeatedly faced the lawsuit due to the impact of PPV caused. Therefore,
accurate predictions of blast-induced PPV in this area are necessary.

2.2 Describe the data used



As related, the parameters that affect PPV are so many. It is difficult to collect
and evaluate all the parameters. Thus, in this study, seven input parameters were
used to predict blast-induced PPV in Nui Beo open-pit coal mine, including the
elevation between blast sites and monitor (H), explosive charge per delay (W),
monitoring distance (R), power factor (P), burden (B), spacing (S), time delay (T).
Of these input parameters, R is determined by handheld GPS system; the remaining
parameters are taken from 136 blasts design. PPV is measured by Blastmate Il
(Instatel, Canada) [3] in a range of 0.127-254 mm/s. The data used in this study are
summarized in Table 1.

Table 1. Summary of the data used

w R H P

Min. :1109 Min. :107.0 Min. :-38.00 Min. :0.3500
1st Qu.: 3526 1st Qu.:233.0 1st Qu.: 6.50 1st Qu.:0.3900
Median : 5086 Median :334.0 Median : 24.00 Median :0.4300
Mean : 5455 Mean :357.9 Mean :23.24 Mean :0.4274
3rd Qu.: 7214 3rd Qu.:471.2 3rd Qu.: 40.00 3rd Qu.:0.4625
Max. :12312 Max. :797.0 Max. :81.00 Max. :0.5000
B S T PPV

Min. :6.600 Min. :7.400 Min. :6.600 Min. :0.91

1st Qu.:7.000 1st Qu.:7.700 1st Qu.:6.900 1st Qu.: 5.51

Median :7.400 Median :8.000 Median :7.350 Median :11.10
Mean :7.404 Mean :7.979 Mean :7.303 Mean :11.80
3rd Qu.:7.825 3rd Qu.:8.200 3rd Qu.:7.600 3rd Qu.:17.18
Max. :8.200 Max. :8.500 Max. :8.000 Max. :26.83

3. Background of Empirical, MLR, and ANN
3.1. Empirical

The empirical technique is one of the blast-induced PPV forecasting methods in
open-pit mine because they are easy to use and capable of producing results quickly.
Of the current experimental techniques, the United States Bureau of Mines (USBM)
remained the most commonly used empirical method for predicting PPV and was
proposed by Duvall and Petkof [15]. The USBM empirical method is described as
follows:

R -b
PPV =k| —— 1)
&)




Where: W is the explosive capacity, Kg; R is the distance between blast face and
monitoring point, m; k and b are the site factors and are determined by the
multivariate regression analysis.

In this study, USBM empirical method was used to estimate blast-induced PPV
in Nui Beo open-pit coal mine. The PPV forecast results using the USBM technique
are detailed in the next sections.

3.2. Multiple linear regression

Multiple linear regression (MLR) is a linear equation that fits a dependent variable
with multiple independent variables [1]. Numerous studies in rock mechanics and
mining have been published based on the MLR method [4, 16, 25, 53, 52, 56, 60].
For example, Ghiasi, Askarnejad [19] successfully used the MLR for predicting rock
fragmentation in Gole Gohar iron ore open pit mine, Iran. The results of the MLR
method were higher than those of ANN with R? = 0.89 and RMSE = 0.19. In another
study, Shepel, Grafe [54] have also successfully developed the MLR model for
evaluating cutting forces in granite treated with high-power (24 kW) microwave
radiation. The application of the MLR model allows for a more detailed analysis of
the effects of high-power microwave radiation on granite parameters, helping
engineers improve their stone cutting productivity. Generally, MLR can be
described by the following equation:

Yy=a+aX +aX +...+a X, )

Where, X;(i = 1...n) and y represent independent and dependent variables,

respectively. Also, & (i=0,1,...,n) represent regression coefficients.

In this study, MLR was developed to predict blast-induced PPV in Nui Beo open
pit coal mine with seven input parameters. The multiple regression formulae for
predicting PPV in this site study is illustrated as follows:

PPV =a,+aW+a,R+a,H+a,P+a.B+aS+aT 3)

Where @,+a, are regression coefficients and are determined by the

multivariate regression analysis method. The results for determining the multiple
regression equations for this problem are presented in the next section.

3.3. Artificial neural networks (ANN)

Artificial neural networks (ANNS) can be considered as an artificial tool based
on human brain simulations. These include neurons that are connected to each other
in a flexible and fast way [63]. Many scholars have efforted to develop ANN models
for various issues in the mining field and achieved the desired results [5, 9, 31, 38,
40, 42, 45]. For example, Muhammad and Ferentinou [44] have developed an ANN
model to assess the slope stability based on 141 historical records and 18 input
parameters. The results show that ANN produces rapid convergence with high
reliability. An ANN model was also developed based on optimized input parameters
by the Genetic Algorithm and proposed by Armaghani, Hasanipanah [8] for



predicting air overpressure in Penang, Malaysia. The proposed ANN model yielded
results that could not be more excellent.

The basic structure of an ANN model includes an input layer, hidden layer(s)
and output layer [50]. In input layer, neurons act as input variables and transmit data
to hidden layers (s) via the transfer function. In the first hidden layer, the neurons
will receive the result from the input layer and process and calculate the weights and
send it to the second hidden layer via the propagation function. The process
continues like that until the results are passed to the output layer [64].

The processing of data in the hidden layers is also called training. The outputs
depend heavily on the training process. In ANN, supervised learning and
unsupervised learning are two types of learning that can be applied to each ANN
[46]. In this study, supervised learning was applied to solve the regression problem
in predicting blast-induced PPV. Seven parameters are introduced into the input
layer and processed according to ANN model as Fig. 2. The ANN models are
developed for predicting PPV in this study, and their performance is discussed in
greater detail in the next sections.

Input layer Hidden layers Output layer
A v v

PPV

Fig. 2 The general structure of the ANN model for predicting PPV in this study

4. Developing PPV predictive models

For developing PPV predictive models, data needs to be prepared and processed.
In this study, 136 blasting events were divided into two sets of data: 85% of the
whole datasets (116 observations) for training, and the rest 15% (20 observations)
for testing. Based on the training datasets, the predictive models are developed in the
next sections.

4.1. Empirical

As related, the USBM experimental technique in Eq. 1 is used to estimate blast-
induced PPV. Accordingly, the site factors k and b are defined by multivariate
regression analysis method. The SPSS version 18.0 [12] is used to determine the site
factors k and b. The results of multivariate regression analysis for the values of k
and b are 44.067 and 1.023, respectively. The experimental USBM for predicting
PPV in this study is described in Eq. 4:



R -1.023
PPV :44.067[ j (4)

W
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In MLR, multivariate regression analysis techniques are also used to determine
regression coefficients according to Eq. 3. SPSS version 18.0 is again used to
determine the regression coefficients for MLR in this study. Note that, the training
datasets for building MLR model is similar to the for building the empirical model.

Based on that, the regression coefficients for the variables are determined
correspondingly in Eq. 3 are -5,044; 0.0015; -0.0047; -0.082; -5.161; 0.046; 1,055;
and 0.756. The MLR model for predicting blast-induced PPV in Nui Beo open-pit
coal mine is defined by the following equation:

PPV = 0.0015W-0.0047R-0.082H-5.161P+0.046B

(5)
+1.0555+0.756T-5.044

4.3. ANN

For ANN technique, the most critical problem is neural network design [10]. A
neural network is designed that includes training algorithms, hidden layers, and
hidden neurons in each hidden layer [30]. The most challenging problem when
designing an ANN is determining the number of hidden layers and the number of
neurons in each hidden layer [13, 58, 62]. In theory, an ANN with one hidden layer
can solve most problems in practice [11]. A neural network with two or more hidden
layers can solve problems better depending on the circumstances. However, too
many hidden layers in an ANN will increase the processing time of the network [27,
61]. Thus, a “trial and error” procedure with one, two, and three hidden layers is
applied for developing ANN models in this study.
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Fig. 3 Structure of the ANN models for predicting PPV

The training datasets in ANN technique is used similarly to empirical and MLR
methods. However, the min-max scale method and scale the data in the interval [0,1]
was applied to avoid overfitting. Usually scaling in the intervals [0,1] or [-1,1] tends
to give better results. As a result, nine ANN models were developed for predicting
blast-induced PPV in this site with one, two and three hidden layers in Fig. 3.

In Fig. 3, the black line represents for positive weights and the grey line
represents for negative weights. Line thickness is in proportion to magnitude of the
weight relative to all others. From I1 to |7 are the input variables, W, R, H, P, B, S,
T, respectively. H1 to H15 are the neurons in hidden layers. And O1 is the output



layer, PPV, respectively. B1, B2, B3 and B4 are bias layers that apply constant
values to the nodes.

5. Results and discussion

5.1. Performance metrics for evaluating PPV predictive models

To evaluate the performance of the developed predictive models, the
performance indicators are used, including Root Mean Squared Error (RMSE),
Coefficient of determination (R%), and Mean Absolute Error (MAE), which are
calculated using equation (6-8), respectively.

1 n
RMSE = |- Z (yPPV - ?EPV )2 (6)
N ppy=y
Z (yPPV - %PV )2
R2 =1 PPV — )
Z (yppv - y)
PPV
1 n
MAE :H z | Yepy — %F’V | (8)

PPV =1

Where n is the total number of data. Yppy is the measured value, Y&, isthe

predicted value and Y is mean of measured values. In the most optimal model, R
should be equal to 1, RMSE and MAE should be equal to 0, respectively.

5.2. Comparisons of PPV predictive models

Once the forecasting models are available, the performance of the models is
evaluated through performance indices in Eg. 6-8 on both the training datasets and
the testing datasets. The testing datasets are considered as unseen data for
objectively evaluating the quality of developed predictive models. As a result, the
performance of predictive models, including empirical, MLR, and ANN is
demonstrated in Table 2.

From Table 2, it can be seen that USBM experimental technique provides the
lowest performance for estimating blast-induced PPV in this case study with RMSE
= 4.446 and R? = 0.816 on testing datasets. Examining the literature shows that
USBM is also the most widely used experimental technology and many studies have
successfully performed with this technique [2, 6, 32, 33, 41, 43]. However, the
effectiveness of experimental techniques has not been well appreciated.

Table 2. Performance of predictive models

Model Training datasets Testing datasets

RMSE R2 MAE RMSE R2 MAE
Empirical (USBM) | 5.382 0.63 2.802 4.446 0.816 2.873
MLR 2.809 0.833 1.691 1.647 0.947 1.378
ANN 7-5-1 2.187 0.898 1.374 2.715 0.839 2.253




ANN 7-7-1 0.903 0.983 0.702 1.354 0.960 0.922

ANN 7-9-1 0.917 0.982 0.683 1.949 0.916 1.327
ANN 7-8-6-1 1.164 0.971 0.705 2.273 0.891 1.403
ANN 7-10-8-1 0.727 0.988 0.571 1.621 0.952 1.027

ANN 7-15-10-1 0.928 0.981 0.651 1.915 0.921 1.307

ANN 7-8-6-8-1 0.736 0.988 0.565 1.350 0.960 1.036

ANN 7-10-8-5-1 0.669 0.990 0.528 1.061 0.980 0.717

ANN 7-12-10-6-1 | 0.840 0.985 0.559 1.594 0.947 1.200

Considering the MLR model on both the training datasets and the testing datasets
shows that MLR seems to work quite well in this case with an RMSE of 1.647, R? of
0.947, and MAE of 1.378 on testing datasets. The MLR model results showed that
the input variables in this study might have a relatively linear relationship. In
addition, the number of input variables in the study is quite high. Therefore, the
Standardized Rank Regression Coefficients (SRRC) is applied for sensitivity
analysis based on linear or monotonic assumptions in the case of independent factors
[49]. The results of the sensitivity analysis for the input variables are shown in
Table 3.

Table 3. Sensitivity indices of independent factors

original bias std. error min. c.i. max. C.I.
w 0.615516 0.000404 0.018758 0.577353 0.645196
R -0.12097 -0.00018 0.003134 -0.12666 -0.11528
H -0.33539 0.001342 0.021048 -0.37885 -0.29262
P -0.03751 -0.00016 0.002435 -0.04177 -0.03159
B 0.003667 7.56E-06 0.000235 0.003091 0.004123
S 0.052638 0.000102 0.004313 0.043578 0.061577
T 0.051717 -6.1E-05 0.003389 0.044385 0.057916

Accordingly, it can be seen that although the performance of the MLR model is
rather high, not all input variables have a good linear relationship. Table 3 showed
that only the maximum explosive capacity (W), monitoring distance (R), and the
elevation between blast sites and monitor (H) are the main factors influencing the
performance of the PPV prediction model. In some previous studies, some
researchers have concluded that W and R are the two most influential variables in
the quality of the PPV prediction model [7, 22, 37, 43, 51, 59]. However, the results
of this study suggest that H is a parameter that should be added as one of the three
factors that have a significant influence on the performance of the model, including
W, R, H.

Regarding the ANN models developed, it can be seen that nine developed
ANN models have uneven performance. Some ANN models provide higher
performance than the MLR model, but some models perform less efficiently than the
MLR model. Therefore, comparing the ANN models with one, two, and three
hidden layers is interesting in this study. It can be seen that ANN model with only
one hidden layer can handle quite well PPV prediction problem in this case, i.e.,
ANN 7-7-1 with an RMSE of 1.354, R? of 0.960, and MAE of 0.922. The ANN




model with two hidden layers works well for predicting blast-induced PPV in this
study. However, the best ANN model with two hidden layers in this study (ANN 7-
10-8-1) only achieved an RMSE of 1.621, R? of 0.952, and MAE of 1.027, which is
lower than that of ANN 7- 7-1 with one hidden layer. On the other hand, take a
closer Table 3, it can be seen that not the ANN model with more hidden layers offers
lower performance. The evidence is that the ANN 7-10-8-5-1 model with three
hidden layers is the best performing model among the nine developed ANN models
with RMSE = 1.061, R? = 0.980, and MAE = 0.717 on testing datasets. With the
difference between RMSE and MAE of the ANN 7-10-8-5-1 model is 0.344,
indicating that the model is highly stable. More interesting in this study is the ANN
model 7-12-10-6-1 with more hidden neurons provided lower performance than the
ANN model 7-10-8-5-1 with an RMSE of 1.594, R? of 0.947, and MAE of 1.200 on
testing datasets. This shows that too many hidden layers and hidden neurons in each
hidden layer not only increases the processing time of the ANN model but also the
lack of match between neurons, which reduces the efficiency of the model.
Therefore, the proposed ANN 7-10-8-5-1 model is the best model for predicting
blast-induced PPV in this study. Fig. 4 illustrates the relationship between predicted
and measured values of empirical, MLR, and ANN techniques.
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Fig. 4 Measured and predicted PPV values of Empirical, MLR and ANN models

6. Conclusions and recommendations

Blasting is one of the most effective methods for hard-rock fragmentation in
mining and civil fields. Besides its advantages, the ground vibration (PPV) caused
by blasting operations is one of the disadvantages that need to be estimated
accurately. Forecasting blast-induced PPV in open-pit mine can be accomplished
using a variety of methods. In this study, we have presented three approaches to
solve the problem of PPV forecasting at Nui Beo open-pit coal mine, Vietnam.
Based on the results, we draw some conclusions:

= For predicting blast-induced PPV, various approaches should be used to
compare and evaluate the specific performance of each approach.

= Empirical techniques should be used as a fundamental approach to
forecasting PPV. However, they need to be further researched and developed to
improve the accuracy of the model.



= Multiple linear regression (MLR) is a rapid and straightforward method for
estimating blast-induced PPV in an open-pit mine. Like the empirical technique,
MLR should be used as a second baseline technique to compare and evaluate the
performance of the model as well as the relationship between input variables.

= Artificial Neural Network (ANN) is an advanced approach for predicting
blast-induced PPV in an open-pit mine. They can solve the complex linear and
nonlinear relationships of the input parameters in the PPV prediction. Therefore,
they should be researched, developed and applied in innovative engineering to
accurately predict blast-induced PPV in an open-pit mine.

= The input parameters for predicting PPV should also be considered in detail.
Of the input parameters, we propose the elevation between blast sites and monitor
parameter (H) as an essential input parameter that dramatically influences the
performance of the PPV prediction model. It should be used with maximum
explosive capacity (W) and monitoring distance (R) in all approaches to predict
PPV.
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Green Growth in Mining — the Trends of Southeast Asia and Lessons For
Viet Nam

Thi Kim Ngan NGUYEN!
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Administration , Hanoi, Vietnam

Abstract: Against the serious consequences of climate change, a new
growth model has been established. The green growth or low carbon growth
focuses on the efficient use of natural resources, it also enhances the use of
renewable energy and environmentally-friendly technologies. Therefore, the
green growth is now a trend with new global rules being shaped. This paper
presents the trend of Southeast Asian countries on green growth in mineral
mining, one of the economic growth activities which has a negative impact
on the environment so that draw lessons for Viet Nam.

1. Setting the scene

In theory, minerals mining contributes to economic growth, job creation and
infrastructure improvements. These factors are the driving forces for poverty reduction.
However, through a lot of research, scientists have pointed out that: Beside the positive
impacts, the mineral mining activities in Southeast Asia countries also have many negative
impacts on the socio-economic life, especially the environmental pollution. Up to now there
have been no statistic data of all the waste rocks from mines and mines which are being
exploited or processed in Southeast Asian countries. Among them there are countries with
large scale mining activities such as Indonesia, the Philippines, Myanmar, and Viet Nam.
Mining activities destroy the environment because of the accumulation of soil, dust and
wastewater in large quantities, causing pollution of air and water. Dust from the ilmenite,
rutile and zircon sand extraction which is processed from sand has made many workers in
the titanium industry suffer from respiratory diseases, and been under dangers of radioactive.
Suspended solids not only contaminate the surface water quality in the mine but also contain
heavy metals, mercury and other toxic chemicals which can affect adjacent and downstream
rivers. Therefore, the trend of green growth in mining activities of Southeast Asian countries
is the goal and the requisites for sustainable development as well.

2. The status of green growth in mineral activities of Southeast Asian countries

The global economic and social fluctuation and natural disasters in recent years have had
negative impacts on the economic growth of Southeast Asian countries. Consequently, in
order to response to the Green Growth and Green Economy initiative proposed by the United
Nations Environment Programme (UNEP) in 2008 and the desire to achieve sustainable
development in the long run, the Association of South East Asian Nations (ASEAN) have
started to pursue a green growth strategy towards a sustainable growth economy. The essence



of the strategy is the development with low emissions and resource consumption which also
ensures sustainability of ecosystems and biodiversity, conserves natural resources and
protects the environment, aims to ensure social security, poverty reduction, improve living
conditions in all aspects for inhabitants.

Southeast Asia is bordered by three major tectonic plates of Asia-Europe, the Pacific and
the Indian Ocean. Geologically, Southeast Asia includes rocks from Precambrian to
Quaternary, which develops many different age-related magmatic activities; especially
Mesozoic and Cenozoic magma, where there are many subduction zones and volcanic
islands. The favorable geological conditions have made Southeast Asian countries become
rich and diversified mineral resources. Although each Southeast Asian country has its
advantages in some minerals, generally, Indonesia, the Philippines and Myanmar have the
greatest potential. [6]

Minerals in Southeast Asia have contributed significantly to the growth of each country’s
economy, in some countries they are major contributors to the Gross Domestic Product
(GDP). However, in recent years, the effects of climate change have partly influenced the
growth of mining industry in Southeast Asia. Southeast Asia is considered one of the most
serious affected regions from both the global economic crisis and the climate change.
Disadvantages of these countries are inadequate economic structure, low actual production
value, high input consumption of products that are causing problems for the increase
sustainable development. The global economic, social fluctuation and natural disasters in
recent years have had negative impacts on the economic growth of Southeast Asian countries.
Consequently, the greening of mineral exploitation along with the solutions to adapt climate
changes are important policies for mining industry in Southeast Asia in recent years.

2.1. Green growth in the Philippines mineral activities (615117

The Philippines has a long history of mining and has favorable geological conditions for
the creation of a variety of mineral deposits, here is one of the riches minerals in Southeast
Asia. Its mineral resources are mainly Cu, Au, Ni, Cr, Fe.

Iron ore mines are closely related to the Tertiary diorite rock, typically the Larap mine.
Iron ore reserves are approximately 77 million tons. There are three important copper
mineralization zones. The north is associated with the subduction zone to the east of the East
Sea of Viet Nam, with the middle Miocene age to late Miocene. The middle zone is associated
with the subduction zone of Sulu Sea, with late Paleocene age. The eastern part is associated
with the subduction zone of Pacific Ocean, with the Pliocene age. There are 15 Cu and Cu-
Au with Porphyry type mines, of which the large mines such as the Atlas Biga mine in Sebu
with a reserve of about 5 million tons of Cu. There are four Au-Ag, Au-Cu and Au-Te
hydrothermal circuits in Luzon and Mindanao.

Low-temperature gold-silver mineralization is higher than that of porphyrite; gold-silver,
telur and copper can coexist as in Baguio. Placer mine in Mindanao contains 54 tons of Au,
the remaining mines occupy about 21 to 23 tons of Au. There are 7 mines of laterite
weathering on super-mafic rocks, of which Rio Tuba in Palawan has 220 thousand tons of Ni
and Nonoc 1 mine in Dinagat has 930 thousand tons of Ni. These mines are large-sized, while
the other mines are medium-sized with reserves of about 100 to 200 thousand tons of Ni. The
largest source of chromite is from the ophiolite complex in Zabarez province. There are two
large-scale chromite mines in Zambarez province, which original came from magma,
associated with super-mafic rocks, they are Acoje mine with 640 thousand tons of Cr,O3 and
Coto/Masinloc mine with about 1,7 million tons of Cr,0s.

Currently, the mining industry in the Philippines has shown a trend of green growth, those
mine that affect the environment are at risk of being closed. The Philippines is exerting
themselves to improve the mining operations in order to limit impacts on the environment



and the local community. President Rodrigo Duterte has expressed a tough stance on the
mining industry when claiming that the Philippines will be able to survive without this
industry.

Those environmental disasters happened in the past, including the leakage of waste at a
copper mine in the central Marinduque province in 1996 has made the rivers contaminated,
causing the Philippines mining industry to be strongly opposed.

The Philippines is currently the largest nickel ore supplier in China. By 2016, the
Philippines had exported 24 million tons of nickel to China, but the number of nickel ore is
exported in the first seven months of 2017 decrease 27%.

On 9 February 2007, the Philippines closed 23 of 41 mines in this country. This was due
to their damage to river basins, sedimentation in coastal waters and farmland, suspension of
5 other mines because of environmental concerns, 8 of the closed mines are nickel ore mines
— the reason for the sharp rise in nickel prices in the world market. The Philippines
Environment Minister — Regina Lopez released the cancellation of 75 mining contracts on
14™ February 2007 to promote a campaign to stop the exploitation of resources in sensitive
areas. Among the canceled contracts on 14™ Feb there was the $5.9 billion Tampakan gold-
silver mining project in Nam Cotabato province on Mindanao Island.

2.2. Green growth in Indonesia mineral activity !

Indonesia is one of the richest minerals in Southeast Asia. Minerals of Indonesia are
mainly Au, Cu, Ni, Sn.

All porphyry in Indonesia are associated with the Miocene-Pilocene volcanic arc. The
main mines are Tapada and Sasaki in Sulawesi. There are 6 Cu-Au porphyry mines, of which
Batu Hijau mine in Lesser Sunda has about 2.6 million tons of Cu and 233 tons of Au,
Grasberg mine has more than 9 million tons Cu and 1262 tons of Au. The Au-Ag,
hydrothermal Au-Ag, medium-sized, including the two largest Au-Ag mines: the Kelian
mine in Kalimantan with 105 tons of Au and the Gunung Pongkor mine in Java has about
102 tons of Au and 972 tons of Ag. The Au-type thermal mines are Gunung Panti with a
capacity of 40 tons of Au and the Awak Masmindo mine in Sulawesi with a capacity of 26
tons Au. Laterite nickel was exploited in Pomalaa and Soroako in eastern Sulawesi. Soroako
mine has about 3 million tons of Ni, Pomalaa mine has about 1.9 million tons of Ni and Gagu
has 3.9 million tons of Ni. There are about 10 pewter tin and weathering mines with capacity
of 750 thousand tons of tin, of which Benlinju and Pemali are large-sized. Apart from these
metal minerals, there are also industrial minerals such as limestone, feldspar, clay, sulfur,
quartz sand and phosphate.

Among the countries in Southeast Asia, Indonesia is now taking relatively large
consequence of environmental pollution. The rising of the sea level and erosion in coastal
areas, the increase of the frequency and intensity of severe weather and extreme weather,
which causing the extinction of species and the spread of infectious diseases through animals.
Facing this situation, the administration of former President Yudhoyono is paying close
attention to environmental issues and the significant development of the environmental
cooperation between the US and Indonesia, especially the green growth trend in mining
activities through the improvement of environmental management in mining activities.

Indonesia’s mineral management system is divided into 3 levels (ministerial, provincial,
regional — equivalent to district level in Viet Nam). Regardless of the mine’s size, the regional
level is competent, where the mine is located in the whole region. For mines located between
two regions, it is under the jurisdiction of the provincial licensing. The ministerial level
licenses those mines located between two provinces to exploit. The ministerial level licenses
to exploit and process coal and metal minerals; The provincial level licenses for non-metallic
minerals; The regional level licenses for construction stones. This decentralization aims to



clarify the responsibilities, the management and monitoring obligations of each level;
especially the interstate mines between two localities.

Green growth in Indonesia is also reflected in restricting the export of raw materials to
minerals. The Indonesian government has detailed regulations on deep processing for each
mineral group and domestic market regulations, which regulate the rate of domestic sales.
The above-mentioned management levels, based on their competence, regulate mineral
prices and the price bracket to build reference prices for management. On the other hand,
Indonesia finds the resolution of land conflicts between its economic sectors by enaction of
the Law on Spatial Planning. Besides, in Indonesia, mining companies are responsible for
paying the land use obligations to the central government. Collected taxes on mineral mining
are clearly stated in the Mineral Law of 4/2009, especially the division of revenue among the
different levels: central levels: 20%; provincial level: 16%; district/regional level: 32%; local
people: 32%. The specific taxation of mineral has helped the authorities take the initiative in
using these revenues. Lower levels with higher entitlement will help them to have more funds
to deal with adverse impacts from mining. {”/

Indonesia is a country with rich mineral resources, which is closely controlled by a
unified organizational system from central to local. All mineral resources in this country are
explored for reserve and zoning, detailed and specific planning. In management, there is a
logical and clear, not overlapping; there is a synchronous assignment and coordination
between branches and levels. Legal policies are institutionalized for the distribution of
benefits in a public and evident way among the state (central, region and local government),
businesses and people. Thus, there was no conflict among the parties that leads to mass
appeals. Furthermore, there is EITI civil society organization that oversees the law
enforcement of the parties, then make recommendations to correct the mistake when a party
does not comply with the law. As a result, Indonesia’s mineral management has been highly
effective towards green growth.

2.3. Green growth in Myanmar mineral activity 1°!

Myanmar is rich in mineral resources, the important minerals are copper, gold, lead, zinc,
silver, tin, tungsten, antimony, chromite, nickel, gemstone. In terms of potentiality, Myanmar
is classified as one of the richest minerals in Southeast Asia.

More than 50 copper occurrences are distributed along three major tectonic units of
Myanmar, including three porphyrite copper mines near Chindwin. Letpadaung Taung mine
has about 400 million tons of ore, with 0,5% Cu (2 million tons of Cu). These are reserves of
world-class size. The iron ore deposits have reserves of about 100 million tons in Pengpet,
southern Myanmar. Bawdwin mine is a multi-metal complex consisting of Pb-Zn-Ag, which
is a large-scale thermoluminescent vessel with reserves of 9 million tons of Pb and 5.2 million
tons of Zn. There are also 13,950 tons of Ag. This mine is considered as the world’s richest
silver. The gold mines are located in Play Aung Taung and Thayethkhone, Shwekyin and
near Myitkyina, along the Ayeyawady River. In addition, the Kyaukpahto and gold potential
nearby areas are being explored by domestic and foreign companies. The nickel deposits are
found in China town, which is 30km northwest of Mandalay with estimated reserves of 30
million tons of ore, with an average content of 1.1% Ni, about 0.3 million tons of Ni. Potential
reserve is 80 million tons, with 1% Ni, equivalent to 0.8 million tons of Ni. Coal deposits are
mostly semi-bituminous coal with a reserve of about 200 million tons in the northern region,
with Kalewa minerals being the only significant minerals deposit. There are also coal mines
in Tanintharyi. Myanmar’s main mining company is interested in exploring and exploiting
this mineral. Rubi is mined in Mogok, northeastern Mandalay, sapphire and various colored
gems including spine, grenadine, peridot, tourmaline, aquamarine, amethyst, citrine, zircon,
and lunar rock, etc. which are exploited from Mogok. It can be said that the mining sector



plays an important role in the economy of Myanmar. However, environmental pollution and
the consequences from the mining activities have no significant impact on the national
economic growth in Myanmar. Aimed at green growth, the Environment Law of Myanmar
was promulgated on March 30", 2012. In the Environment Law, there are some special
Provisions that are necessary for foreign investors, including environmental quality
standards, the list of projects or activities that require preliminary environmental assessment
or full implementation, the list of hazardous wastes in the production process, chemicals and
other hazardous substances from industries and agriculture, especially the exploitation of
minerals containing noxious substances that may affect strongly the environment at the
present or in the long run. Additionally, to control excessive exploitation of jade and gems,
the government of Myanmar has tightened the mineral extraction permit. Companies must
meet the new environmental regulations to receive this permit.

3. Lessons for Viet Nam

With awareness that green growth is not only a motivation and global economic recovery
but also a model and tool for sustainable development, Viet Nam has determined clearly that
there is no other way than to promote green growth. Viet Nam has also showed determination
to pursue an environmentally friendly development growth model. In 2012, the Vietnamese
Government has issued the National Strategy for Green growth and has enacted the Green
Growth Strategy Agenda 2014-2020 with 66 actions in 2014. //

Viet Nam’s green growth strategy sets out three important tasks: 1) Reducing the intensity
of greenhouse gas emissions and increasing the use of clean energy and renewable energy.
2) Greening production. 3) Greening the lifestyle and promoting sustainable consumption. In
particular, the specific indexes are: Reducing greenhouse gas emissions in energy activities
by 10-20% for the period 2011-2020 and 35-45% for the period 2020-2030. On the goal of
greening production, the indicators will be approached are: The value of high-tech products
in GDP is about 42-45% (2010-2020) and 80% (2020-2030); 100% of newly-established
production and business establishments must apply the clean technologies or equipment in
order to reduce pollution and waste treatment.

Viet Nam is rich in mineral resources with more than 60 kinds of minerals in more than
500 mines. Mineral mining (including oil and gas) contributes about 10-11% of GDP and
contributes 28% to state budget revenues. %/ However, the exploitation of mineral resources
in Viet Nam in recent years is still inadequate and unreasonable, due to loss and waste of
resources, polluted water in areas with mineral activities, low quality of environmental
regarding ambient air and emissions, over limited dust especially in coal and quarries mines,
etc. At a result, the mining industry of Viet Nam must also be driven by green growth. From
the exploration of green growth in mineral mining in the world and from the reality of mineral
exploitation in Viet Nam, there are the lesson learned, as follows:

First, green growth in mineral mining must be linked to the chain: from raw and deep
processing to mining and support services. Avoiding the mining of raw minerals and export
them. This will reduce the speed of resource extraction, avoid waste of resources and improve
the quality of the environment. Also, it is necessary to add more processing conditions and
commitments before the mineral extraction permit is issued. In fact, the investment capital
for mining is not large, but the processing requires large capital, modern technology, thus,
leading to widespread exploitation then cannot achieve the purpose of deep processing.

Secondly, reformation and adaption of green marketing tools (green taxation, green
budget) is significant. The tax preference regime should be applied to the mineral exploitation
enterprises to support environmental protection activities. In order to avoid the loss of
resources and revenues for the state budget, the natural resource tax needs to be shifted from
calculated mining output to the approved mineral reserve, depending on types of minerals.



The tax exemption and reduction of the extraction reserve will be decided depending on each
case, so that enterprises can enhance the mining and mineral savings. On the other hand,
higher tax rates should be applied to raw materials, lower tax rates for refined or processed
resources.

Thirdly, the price of mineral products should be implemented in accordance with the
market mechanism to achieve these objectives: Forcing business to strictly manage costs,
output and product quality to improve efficiency; Overcoming the negative effects of
differences in domestic and export prices, especially smuggling; Encouraging the process of
mineral exploitation and processing to raise the coefficient of resource recovery; and Forcing
consumption of mineral products must be used economically.

Finally, it is necessary to set up specific institutions to implement green growth in mineral
exploitation activities, particularly, the public and evident distribution of benefits between
the state (central, region and local authorities), enterprises and people.

4. Conclusions and recommendations

The goal is green growth in mining activities, which is based on the process of changing
the growth model, restructuring the exploitation through the application of advanced
technology, the development of infrastructure system for effective use of mineral resources,
reducing greenhouse gas emissions, coping with climate changes, contributing to poverty
reduction and driving the economic growth in a sustainable way.

Green growth in general and green growth in mining activities in particular have many
opportunities, but also many challenges. This is a long-term process; therefore, all levels,
sectors and enterprises need to be fully aware of challenges. Consequently, it will change the
method of mining minerals; and consumption of minerals in the direction of efficiency to
achieve the goals of the national green growth strategy.
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Abstract: Together with the excavated width, the depth of trench play a
vital role in stability as well as economics effectiveness of a trench
constructed by open trench method. It is widely recognized that a steeper
angle of an open trench, a smaller amount the excavated soil required;
however, the trench is unstable. In this case, an external supporting structure
system is obliged to prevent the trench from falling into the excavation zone.
In addition, an open trench is normally located above the water table, hence
under unsaturated condition. One of the most important characteristics of
unsaturated soil is negative pore water pressure which brings about the
matric suction, higher negative pore water pressure, higher matric suction;
consequently, higher shear strength of soil. On the other hand, there is a few
theories and research works have been reported on the method of
determining a suitable depth of a trench under unsaturated condition.
Previous works tend to assume that the distribution of matric suction is
either constant or linear with depth; as a result of this, the designed results
are often overestimated compared to practical results. In this paper, the
effect of distribution of matric suction was taken into account to propose an
equation to estimate the depth of a trench that can be applied without
supporting structure. Finally, an example of numerical calculation of a depth
of the open trench was described.

1 Introduction

One of the most important parameters need to be considered when dealing with the
stability of underground construction constructed by open method such as traffic tunnel,
cable tunnel (power electricity cable, communication cable), sub-pavement tunnel, even
some path of railway tunnel, are that the magnitude of the depth (H), and width (L) of open
trench. In other words, the L/H ratio must be met both the stability of underground structure
requirement and economic effectiveness. The L/H ratio controls the angle of the open trench,
hence amount of excavation work required. The smaller the value of B (as shown in the Fig
1) is, the higher stability of the open trench can be obtained; however, the larger the amount
of excavation work need to be done. Economically side speaking, once the value of B equals
to 90° the amount of excavation work required is lowest, hence the highest of effectiveness
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of economic. In spite of this, the stability of the open trench must be taken into account. It is
widely observed that under this condition f=90°, some external supporting structures (known
as the temporary structure) ought to be applied such as earth anchor, retaining wall, struts,
sheet pile,. As a result of this requirement, some shortcoming might be seen as follows:

- Due to the existence of the temporary structures, the construction area of underground
construction is reduced;

- It is costly since the temporary structures used;

- Progress of construction work is highly affected, even much longer as compared to that
in case of without using temporary structures.

Based on these problems, this paper aims to determine the applicable depth of the open
trench without supporting structures under the condition that the angle of the open trench,f3,
equals to 90 degree.

2 Required depth of an open trench
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Fig 1. A typical cross section of an open trench

Where: 6 is the thickness of structure, (mm); r is the inner radius of circle-structure (or
half of width of rectangular shape), (cm); B is the angle of the open trench (degree);

It’s widely recognized that the open trench is constructed in somewhere that is normally
located above the water table, hence under unsaturated condition. Thus, in order to find out
the applicable value of the depth of the open trench,H, without supporting structures with the
angle of open trench of 90 degree, the depth of water table is assumed to be D (m) (Fig 1),
the type of soil is classified as cohesionless soil and under unsaturated condition.

According to Kartozia B.A.1983, the required depth, H must be fulfilled the following
conditions:

H>2+52r=>4-+10)r @))
and, D>H +m 2

Where: m is the thickness of backfill soil layer which used to resist the water penetration
under high pressure, this parameter can be defined as below Terzaghi K. 1941:
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Where ys, 7w are the density of soil, and water respectively (kN/m3);h is the height of
pressurized water once groundwater seepage into the open trench.

3 Matric suction in unsaturated soil

One of the most important characteristic of unsaturated soil is the negative pore water
pressure. In other words, the pore water pressure due to capillarity is negative (suction), it is
defined as a function of the size of the soil pores and the water content. At the groundwater
level, the pore water pressure is zero and decreases (becomes negative) once the capillary
zone goes up. As the result of the negative pore water pressure, the effective stress increases.
To specify, for the capillary zone, z., the pore water pressure at the top is -zcyw, hence the
effective stress (Fredlund 2014; Fredlund et al. 2012; Fredlund et al. 1996) stated that profile
of matric suction in a horizontally layered unsaturated soil generally depends on several
factors; especially the soil properties as given by soil water characteristic curve and the soil
permeability, environmental factors including infiltration due to precipitation or evaporation
rates and boundary drainage conditions including the location of groundwater level. The
matric suction profile will come to equilibrium at a hydrostatic condition when there is zero
net flux from the ground surface. If moisture content is extracted from the ground surface
such as evaporation, the matric suction profile will be drawn to the left (matric suction
increases). If moisture enters at the groundwater surface such as infiltration, the matric
suction profile will be drawn to the right (matric suction reduces).
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Fig 2. Simulation of capillary in soil (Budhu 2000).

Under steady state, the water flux in and out of the soil reaches the balance. If the
magnitude of water flux is the same as the hydraulic conductivity of the saturated soil, the
magnitude of the pore-water pressure is constant (Fig 3).
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Fig 3. Matric suction profile in horizontally layered unsaturated soil profiles under various surface
flux boundary condition ((Fredlund 2014; Fredlund et al. 1996)

From the distribution of matric suction, it’s found that the matric suction profile varies
with depth and linearly reduced from surface to the water table; however, once the boundary
drainage conditions change is due to either upward flux or precipitation, the distribution of
matric suction is not linearly. Therefore, in this paper the change in the distribution of matric
suction is assumed as a function of the third order polynomial and expressed as below:

F, (V) =a+by+cy’ +dy’ )

Where y is the considered depth of open trench; Fiq is the function of matric suction varies
with depth. The equation (11) must be met the following conditions:

y=0->F,, (y)=max =ky,gD
y=D—>F,(»)=0

By considering and comparing with the practical condition, the Eq (4) can be rewritten
as:

A
th(y):B(D2_2y2+y3/D) (5)

or F,,(y) = AD(1-y* I D*) ©)

Where 4=k V. & , k is the pore water pressure coefficient, which varies with the slope

of hydrostatic pressure (or hydrostatic suction profile); g is specific gravity. Taking a look
into the Eq (12a, b), the magnitude of matric suction is decrease from a value of AD =

kD}/n £ (at y=0) to zero (at y=D). The istribution of matric suction is showed in the Fig 4.
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Fig 4. The distribution of matric suction with depth. (1) represent the surface of hydrostatic suction;
(2) the distribution line of matric suction.

4 Determination of depth of open trench without supporting structure

4.1 Earth pressure

The horizontal pressures act to the wall of open trench is caused by the active earth
pressure, pa, which can be determined as follow(Bang 1985; Terzaghi 1941; Terzaghi et al.
1996; Wang 2000):

T ¢ T ¢
L =(c,~u,)=(0, —u,)cotg’ (~--)-2C.cotg(~-—-), (7)

p.=( )=(0y-u,) g(4 2) g(4 2)
Where: 0, =7,.8.Y, (8)
C is the total cohesion stress which consists of two components, one is the effective cohesion,

C’; the other is suction force: (1, —u,, )tg®, . In other words:

C=C"+(u, —u,)gy, ©)
Combination of Eq (9) and (7):
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Substitute Eq (5) into Eq (10):
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(11
Substitute Eq (8 into Eq (11):



7 ¢ ' 7 ¢
=0, —Uu = —Uu cot L Ca —2C cot _——
p,=(,—u,)=(p,g—u,) g(4 2) g(4 2) 1)
T ' A
—2tg¢b.cotg(z—%).B[D2 —2y2 +1° /D]

>

The total magnitude of active earth pressure acts to the retaining wall with its height of
Hi, pa, can be defined as:

Hl
P, = [p,dy (13)
0

4.2 Determine the magnitude of depth of open trench

The distribution of active earth pressure can be divided into two regions, one is tensile
region, the other one is compressive region. Two these regions are separated at a depth of y.
In the tensile region (from the surface to depth of yy), the active earth pressure is negative,
which causes soil mass behinds retaining wall tends to move away from the retaining wall.
The magnitude of yx may be estimated by combination Eq (10) and Eq (5, 6), together with

a conditionof p, =0 and u, =0:

T ¢ / T ¢ T ¢ A 2, .3
o, cot g2 (= —)=2C" cot g(=-")-2tgp, .cot g(———).—[D*-2y*+y* /D] =0 (14)
s g(4 2) g(4 2) {7 g(4 2)0[ y +y /D]

After working out the Eq (14), the value of yy can be found.

If total active earth pressure Pa acts to the retaining wall is completely dissipated, the
corresponding depth under that condition will be the one that can be applied without
supporting structure. In other words, the magnitude of depth of the open trench, yi., can be
determined by solving the following equation:

)
P, zj-padyzo ) (15)
0

By substituting Eq (11) into Eq (15), and working out the Eq (15) with y is the variable,
the yi. can be derived, and its value is a function of

Ve =f((0’,(pb,ua,0'd,D,A) (16)

5 Numerical caculation

The physico-chemical properties of the studied soil was obtained from a construction site
located in the Southeast of Vietnam is described in the Table 1.

Table 1.Soil parameters used in this paper

Description Symbol Unit Value
Unit weight Y kN/m3 18
Effective cohesion ¢’ kPa 50
Effective friction angle @ Degree 22




Effective friction angle associated with matric suction @P Degree 14
Pore-water pressure coefficient k - 1.5
Other parameters

Pore air pressure Ua kPa 0

5.1 Effect of level of ground water table

By changing the level of groundwater table, D, the relationship between depth of the open
trench without supporting structure and D, can be found (Table 2), and (Fig 5).

Table 2. Relationship between ki and level of groundwatertable

Description Unit Values

Depth of groundwater table, D m 7 8 9 10 11 13 15

Kie m |438 [497 |525 | 5.83 6.19 |7.18 |7.34
5.2 Effect of effective friction angle (Fig 6)

Table 3.Relationship between ke and effective friction angle

Description Unit Values

Effective friction angle,p’ degree 10 14 18 22 26 30 35

Kie m 485 | 455 | 434 | 421 3.87 | 3.57 | 3.32
5.3 Effect of effective cohesion (Fig 7)

Table 4. Relationship between ki and effective cohesion

Description Unit Values

Effective cohesion, ¢’ kPa 20 40 50 60 70 75 85

kie m 371 |4.09 |4.23 | 431 439 |445 |4.63
5.4 Effect of pore water pressure coefficient (Fig 8)

Table 5. Relationship between kkec and pore-water pressure coefficient

Description Unit Values

Pore-water pressure coefficient, k - 1.0 1.2 1.5 1.7 2.0

K m 3.22 3.69 4.23 4.52 4.98
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6. Conclusion

¢ Due to the existence of negative pore-water pressure, the total cohesion forces
increases. Also, the loss of soil mass which located behind the retaining wall induces the
crack. This is a point that can be used to consider whether the open trench needs to be
strengthened at a certain depth or not;

¢ Previous works assumed that the distribution of the matric suction is linearly decreased
with the depth; consequently, the tolerances are normally higher than those in reality;

¢ In this paper, the distribution of matric suction is assumed to be third order polynomial
for determination of the depth of open trench without supporting structure;

¢ As can be seen from numerical calculation:

- The magnitude of ki is nonlinearly increased with the level of groundwater table;
however, once the level of groundwater reaches the certain value, the value of ki almost
constant and tends to reach the critical value;

- Under the same conditions:

+The value of ki, decreases with an increase of effective friction angle;

+The value of ki does not significantly increase as the effective cohesion goes up;

+The value of k. is notably increased as the pore-water pressure coefficient, k, increases.
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Abstract. The contaminated waste is a by-product generated during coal
mining process. This type of products may contain more or less 20% of clean
coal, thus their ash content may vary in a wide range of 60 to 80%. This
waste normally is stockpiled separately at “temporary disposal dumps” as
they would not be regarded as waste in the full meaning, however, it is very
sensitive for the miners who attempt to process such a waste. Based on the
results of the coal characteristics survey at some surface coal mines of
Vietnam, the studying authors have collected a large quantity of
representative samples, such as Ha Tu, Nui Beo, Tay Khe Sim, Ha Rang
mines and have carried out a number of experiments using low cost and
highly efficient separating equipments. These are semi-industrial movable
screen jig, fluidization separator, some samples of -0.5 mm size using
flotation method. Products of processing include clean coal, which has ash
content obtain quality standard of Viet Nam (clean coal is consumed easily)
and tailings have ash content over 80%, which can waste. The study results
showed that the application of the new machines could allow significant
recovery of clean coal from the contaminated waste. This may significantly
contributes in reduction of environmental pollution while ensuring the

production viability and economic efficiency for the miners.

1 Introduction

The contaminated waste, also known as low-quality coal, is a relative definition of a
mixture of waste rocks contaminated with coals at such a ratio that rock volume is much more
than coal’s. In general cases, it is a special by-product generated in the coal mining
process, and in some particular cases, it may be a reject from coal screening plants, which
prepare run of mine coals at mines and it is known as "coal screening reject". Characteristics
of the contaminated waste include high ash content of 60% to 75% for small sized
fractions while it may reach over 80% for coarser sizes. This waste is normally stockpiled
separately at "temporary disposal dumps" as this productcan not be regarded as
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waste, currently however, it is not economical viable and efficient if miners wish to process
such contaminated waste by traditional methods.

According to the data of Vietnam National Coal - Mineral Industries Holding Corporation
Limited on December, 2012, the amount of low-quality coal of 14 mining companies of the
Corporation has reached 8.6 Mt, from which the Coc Sau coal company contributes 2.6 Mt
and Cao Son coal company has 1.9 Mt [1]. The contaminated waste quality of each stockpile
at mines also varies significantly, however, there is some common characteristic of these
coals as they have high ash content exceeding 60%. Selected survey data of temporary
disposal dumps in Ha Tu coal mine, as shown in the table 1 [2], clearly indicate this.
According to the table 1, the majority of coal size fractions 0-6 mm in the disposal dump
have ash content over 40%, only few of this size may have have ash content under 40%.

Table 1. Particle size composition and ash content temporary disposal dumps in the Ha Tu Coal

Company [2]
Pile 2B Pile CB3 West Pillar - Mass I
Particle
size, mm | Yield, Ash Yield, Ash Yield, Ash
o content, o, content, o, content,
’ % ? % ? %
+ 35 25.24 81.67 23.72 82.25 26.24 83.6
15-35 18.71 81.81 21.3 82.65 22.22 81.56
6-15 21 60.94 17.87 61.58 20.74 64.91
0-6 35.05 49.9 37.11 48.86 30.8 59.8
Sum 100.00 66.21 100.00 66.25 100.00 71.94
West P“E‘r - Mass Pile 7A BT 20 Pillar
Particle
size, MM | yijeld, Ash Yield, Ash Yield, Ash
Y content, % content, % content,
¢ % ¢ % ¢ %
+35 26.99 83.57 24.18 82.07 26.9 83.45
15- 35 22.27 82.26 19.77 81.04 19.45 81.11
6-15 22.69 67.62 259 60.21 24.9 61.92
0-6 28.05 61.40 30.15 48.9 28.75 52.20
Sum 100.00 73.44 100.00 66.20 100.00 68.65

2. Characteristics of some of the contaminated waste samples




The research group have collected contaminated waste samples from the coal mines: Ha
Tu, Nui Beo and Khe Sim coal mines. Results of the particle size and ash content analysis of

the studied samples are presented in table 2; 3 and 4.

Table 2. Dry sieve analysis result of sample of Ha Tu coal mine [2]

Particle size, mm Yield, % Ash content, %
>35 8.5 87.1
15-35 18.84 79.65
6-15 17.65 68.08
3-6 17.91 59.49
1-3 12.79 47.17
05-1 9.02 44.88
0-0.5 15.29 34.12
Sum 100 60.38

Table 3. Dry sieve analysis result of sample of Nui Beo coal mine [3]

Particle size, mm Yield, % Ash content, %
>35 16.40 84.80
15-35 12.97 81.74
6-15 13.15 66.60
3-6 12.90 58.93
1-3 14.49 51.28
05-1 9.26 45.00
0-0.5 2083 37.81
Sum 100.00 60.34

Table 4: Dry sieve analysis result of sample of Khe Sim coal mine [3]

Particle size, mm Yield, % Ash content, %
>50 22.58 80.19
35-50 6.55 78.34
15-35 15.15 73.38
6-15 16.03 70.78




3-6 10.36 65.68
1-3 11.34 56.82
0.5-1 2.74 41.51
0-0.5 15.25 63.59
Sum 100 69.78

Comments:

- The size fraction +15 mm of the Ha Tu coal mine sample, the size fraction +35 mm of
the Nui Beo coal mine sample and the fraction +50 mm of the Khe Sim coal mine samples
have ash content over 80%, thus these size fractions can be separated and disposed directly
otherwise additional clean coal from these sizes can be recovered by using hand sorting
method;

- The size fractions 0-3 mm in the coal mines of Nui Beo and Ha Tu have ash content less
than 45% that is equivalent to the ash content of the traded fine coal 6B thus they can be
commercialized, but the value of the trade is low. Particle size fractions 0-3 mm in the Khe
Sim coal mine have ash content over 58%, thus they cannot be used for trading;

- Fine coals of 0-0.5 mm of the two coal mines of Nui Beo and Ha Tu have ash content
less than 40%, thus they can be traded, however, their ash content in practice would be
significantly increased due to the contamination of the broken fines from the coarse sizes;

- Particle size fractions +3 mm of the mines were sink-and-float analyzed for the
assessment of the gravity washability. The assessment of the gravity washability is based on
the amount of middlings fraction yields (the yield of S.G. fractions from 1.5 to 1.8). The
results indicated that these particles size fractions of the three mines were of easy to average
gravity washability.

3. Experimental tests
3.1. Tests on the moving screen jig

Moving screen jig (ROM jig) is a equipment developed at the end of the 20th century for
the treatment of run of mine coals. To the present time, this equipment is widely accepted in
many countries of the world such as China, the Federal Republic of Germany, South Africa
and Australia. The advantages of this machine type are: low energy costs, low cost of the
process water, suitability to high-ash content coal. This is why a semi-industrial moving
screen jig was chosen to process coal samples of the previously mentioned three mines.

Particle size fractions used for tests include: fraction 3 - 35 mm of Nui Beo and Ha Tu
coal mines; size fraction 15-50 mm and 3-15 mm of Khe Sim coal mine.

Table 5. Results of coal processing of particle size of 3-35 mm, Nui Beo coal sample

Products Yield, % Ash content, % Combustible matter
recovery, %

Clean coal 18.26 35.63 39.90

Fines - 3 mm 6.04 50.83 10.08

Sum of clean coal 24.3 3941 49.98




Reject

75.7

80.54

50.02

Primary coal

100.00

70.54

100.00

The procedure for the conditional experiments on the semi-industry moving screen jig is
as the follows: adjust the setting of one operating parameter while keeping others fixed, thus
optimal operating parameters can be selected. Experiment results of the particle size fractions
washing of the three mines in optimal operating conditions are presented in table 5; 6; 7 and

8.

Table 6. Results of coal processing of particle size of 3-35 mm, Ha Tu coal sample

Products Yield, % Ash content, % Combustible matter
recovery, %

Clean coal 26.64 36.08 49.12

Fines — 3 mm 18.15 59.29 21.31

Sum of clean coal 44.79 45.49 70.43

Reject 55.21 81.43 29,57

Primary coal 100.00 65.33 100.00

Table 7. Results of coal processing of particle size of 15-50 mm, Khe Sim sample

Products Yield, % Ash content, % Combustible matter
recovery, %

Clean coal 7.07 29.04 18.88

Fines - 3 mm 28.20 64.75 37.40

Sum of clean coal 35.27 57.59 56.28

Reject 64.73 82.05 43.72

Primary coal 100.00 73.42 100.00

Table 8: Results of coal processing of particle size of 3-15 mm, Khe Sim coal sample

Products Yield, % Ash content, % Combustible matter
recovery, %

Clean coal 21.34 22.94 40.07

Fines - 3 mm 23.17 55.19 25.30

Sum of clean coal 44.51 39.73 65.37

Reject 55.49 74.39 34.63

Primary coal 100.00 58.96 100.00




Comments:

- Treatment of broader size fractions up to 35, 50 mm can produce a reject with the ash
content over 80%, but processing the coal particle size fractions of 3-15 mm can give a reject
with the ash content only of approximately 75%;

- Byjigging, one can recover clean coal with the ash content below 40%, that is equivalent
to the traded 6B fines, which is currently traded by the local thermal power plants;

- Including of more fines in jigging would increase the ash content of clean coal (for
sample of Ha Tu coal mine and coal particle size 15 -50 mm of Khe Sim coal mine) over
45% that is difficult to be regarded as a clean coal product for trading.

3.2. Tests on the fluidized bed separator

Fluidized bed machine HSBS has a inclined plate structure. The equipment was invented
by the late 20" and early 21% century for processing of fine coals. This device has also been
already implemented in full industrial scale. Fluidized bed machine is a well suited equipment
for processing of coal particle sizes of 0.5-3 mm. Compared to other processing equipment
of coal particle size fraction -3 mm, fluidized bed machine has higher capacity and requires
little construction area etc.

The research group have tested the coal particle size 0.5-3 mm of Nui Beo coal mine
sample on the laboratory scale fluidized bed machine at the optimumal operating parameters
as defined by the conditional experiments. The resulted coal recovery are shown in the table
9.

Table 9. Coal processing result of particle size 0.5-3 mm, coal sample of Nui Beo mine

Products Yield, % Ash content, % Combustible matter
recovery, %
Clean coal 51.39 10.7 82.61
Reject 48.61 80.13 17.39
Primary coal 100 44.45 100.00
Comment:

- For particle size of 0.5-3 mm, the obtained clean coal has ash content less than 13%
(maximum limits of the traded coal fine 3A), combustible matter recovery of clean coal over
82% and this product is suitable for both export and for domestic uses;

- The reject has ash content over 80% that is regarded as suitable for disposal.

3.3. Flotation tests

The research group have performed experiments on floatation machines (on the froth
flotation Lab 1 1) for fine coals (particle size of 0-0.5 mm) of Nui Beo sample. The coal
slurry was collected from the contaminated waste processing line of the moving screen jig at
Ha Tu coal mine. The research has found the optimal froth flotation operating conditions.
Froth flotation results of the optimumal conditional experiments of the two coal samples are
presented in tables 10 and 11.



Table 10. Coal processing result of particle size 0-0.5 mm, coal sample of Nui Beo mine

Products Yield, % Ash content, % Combustible matter
recovery, %
Clean coal 59.93 12.26 92.34
Reject 40.07 80.8 12.76
Primary coal 100.00 39.72 100.00

Comments:

- Froth flotation clean coals of the two samples have ash content of less than 13% that is
equivalent to the coal fines 3A and the combustible matter recovery is over 88%;

- The reject has ash content over 80% and can be disposed.

Table 11: Coal processing result of particle size 0-0.5 mm, coal sample of Ha Tu mine [4]

Products Yield, % Ash content, % Combustible matter
recovery, %
Clean coal 58,38 11,78 88,89
Reject 41,62 84,54 11,11
Primary coal 100,00 42,06 100,00

4. Conclusions and recommendations

4.1. Conclusions

- Coarse size fractions 35 (50) mm in contaminated wastes have ash content over 80%
thus they can be scalped and disposed in permanent waste dumps or can be hand sorted for
additional recovery of clean coal;

- Moving screen jigging of particle size 3-35 (50) mm in contaminated waste implemented
tests have produced clean coal equivalent to coal fines SA to 6A with yield from 6 to 26%
depending on the quality of the raw coal coal size fractions + 3 mm;

- The amount of fines after jigging could be used in whole or in part depending on the
quality of fines and the clean coal quality after jigging;

-When ash content of the raw coal size 0.5-3 mm is higher 40% then it is required to be
washed by the fluidized bed machine to produce clean coal with quality equivalent to 3A fine
coals. Clean coal of fluidized bed machine can be mixed with coal fines of jigging together
with fines coals -0.5 mm of the raw coal to produce fine coal 6A;

- The contaminated waste fines -0.5 mm can be cleaned by froth flotation to recover
additional clean fine coals.

- From contaminated waste with ash content of 60-70%, one can recover more 30-50 %
clean coals that are of equivalent quality to in 6A fine coals, depending on the quality of the
contaminated waste.



4.2. Recommendations

On the data basis of the study of the three samples of contaminated waste, it allows to
develop two technological flowsheets as follows:

- Flowsheet of Figure 1, applied when fines particles - 3 mm have ash content under 40%

- Flowsheet of Figure 2, applied when fines particles - 3 mm and ash content over 40%

Contaminated waste 0- 100 mm

l

Dry screening 33 (50) mm

l 35 (50) mm 0—35(50) mm
Hand sarting Wet screening 3 mm
l l 23— 35 (50) mm 0-3mm
Tailings Clean coal
ligging
Pl
Tailings Clean coal Fines
v

Thickener
Cycling water Coal slimes

Fig 1. Washing flowsheet for contaminated waste containing size fraction 0 - 3 mm with the ash
content below 40 %



Contaminated waste 0 - 100 mm

Dry screening 35 (S0) mm

Hand sorting Wet screening 3 mm
Tailings Clean coal
ligging wiclon
Tailings Clean coal Coal slurry Slurry -0,5 mm
—T _l—
Fluidhed separator Rough flotation
Scavenger
Igh '
Thickener thickener
Tailings Cycling water Coal slimes

Fig 2. Washing flowsheet for contaminated waste containing size fraction 0 - 3 mm with the ash
content over 40%.
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Geotechnical mechanisms of roof fall ahead of face support in longwall
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Abstract. Longwall mining is one of the most productive methods for
extracting underground coal seams. Although the understanding of longwall
mining-associated geotechnical mechanisms has been significantly
improved that contributes to better ground control, roof rock/top coal fall
ahead of support (roof fall) has not been fully understood that causes severe
damage to equipment and casualty at face. Empirical, theoretical and
modelling methods were successfully used in past studies to understand the
mechanisms driving roof fall; however, key mechanisms and their
interactions during the fall were not satisfactorily investigated due to
limitation of each method. This study aims to gain a systematic
understanding of roof fall mechanisms in longwall operation. A review of
past studies on roof fall is implemented with emphasis on the principles of
applied research methods. The study confirms that the interaction between
roof strata, coal seam and face support largely controls roof fall while
numerical modelling shows great potential in studying roof fall complex
mechanisms. The paper’s findings provide mining engineers/scientists with
a systematic understanding on roof fall from which more effective roof
control strategies can be further developed.

1. Introduction

Longwall mining is one of the most productive methods for extracting underground coal
seams in many countries such as China, Australia, Poland and Vietnam [1-3]. Although
longwall mining technology has been significantly improved from manual by using blasting
and hydraulic prop to mechanised by using shearer and self-advanced support, the roof rock
or top coal between coal face and support may suddenly fall that causes severe damage to
equipment and casualty. This geotechnical problem is ranked to be critical and thus has been
studied by mining companies and researchers.

In order to develop sound engineering solutions to roof fall, many scientific works have
been implemented to understand the mechanisms and parameters controlling the
phenomenon in different geo-mining conditions. Various researching methods such as
empirical, theoretical and modelling were successfully applied in past studies; however, due
to intrinsic limitation of each method, key mechanisms driving roof fall and their interactions
during the fall have not been satisfactorily investigated. This partly results in the fact that
there is no single measure to roof fall that is universally applied at present.

* Corresponding author: t.d.le@humg.edu.vn
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The paper’s content presents a review of past studies on roof fall with emphasis on the
principles of applied research methods. The scientific works and reports from coal operation
companies in China, Australia, Poland and Vietnam are discussed that cover most types of
longwall technology. The paper’s findings provide mining engineers/scientists with a
systematic understanding on roof fall from which more effective roof control strategies can
be further developed.

2. Roof fall mechanism from longwall face in China

According to Bai et at. [4], nearly 50% of the deadly incidents in 2012 resulted from roof
falls in longwall faces or roadways that killed 459 workers in China. They reported that more
than half of the longwall face roof fall originated from coal wall spall and then proposed a
conceptual model of the roof fall and coal wall spall, as illustrated in Fig. 1. Working on the
geo-mining conditions of the caving longwall No. 14101 at Mjialiang coal mine, Bai et al.
[5] and Bai et al. [4] used continuum modelling as the main tool for analysis of coal wall
spall. In particular, a Finite Difference Method-based code was used to successfully find out
that coal wall presents a brittle failure mode; failure mode and failure depth are dominated
by the shear failure bands that develop from the down and upper corners of coal face; and
failure shape is dependent on the geometrical system of discontinuities in coal seam (Fig. 2).
In addition, some support characteristics controlling the fall were outlined, which are the
setting resistance, advance lag and face guard.

Roof fall
A

[ :

Tip-to-face span

Increaesd
Tip-to-face span

Coal wall spall

Fig. 1. Conceptual model of roof fall and coal wall spall at longwall face
(modified after Bai et al. [4]).

A series of theoretical studies on coal wall spall was reviewed and presented in Bai et al.
[6]. Note that these studies are in Chinese and their English translations are not available.
The authors stated that in most of the previous studies, coal wall was regarded as an isolated
object and the impacts of roof strata, shield support and face guard on coal wall stability were
ignored. The authors then based on torque equilibrium to develop a mechanics model
incorporating coal wall, roof strata and shield support. Compared to the above numerical
studies, this study analysed the role of not only support characteristics but also fractured roof
and mining height in coal wall failure, as shown in Fig. 3.
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Fig. 2. Coal wall failure with (a) no discontinuities, (b) vertical discontinuities and (c) cross-
discontinuities in a continuum-based model (modified after Bai et al. [5]).
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Fig. 3. Relationship between (a) fracture position in main roof and coal face horizontal displacement,
and (b) mining height and coal face horizontal displacement [6].

Apart from continuum modelling, discontinuum methods were used in a few coal wall
stability studies. By using a discontinuum-based model (Fig. 4), Wang et al. [7] concluded
that improving support capacity, cohesion of coal mass and decreasing roof load on coal face
are the key to improve coal face stability. Similarly, Yao et al. [8] stated that although tensile
fracture dominates the failure in both horizontal and up-dip coal faces, the difference lies in
their failure forms: failure is arc-shaped in horizontal faces and V-shaped in up-dip faces. In
contrast, the down-dip coal face and its roof are vulnerable to shear failure due to large areas



of shear fractures inside the face. The authors also emphasised that depth of coal face, mining
height, panel advance velocity and seam strength are driving factors of the spall.

Failure Failure
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\

(a) 3 m mining height (b} 4 m mining height (¢) 5 m mming height (d) 6 m mming height
(a)
Fig. 4. Distribution of coal face failure zone at different mining heights in a discontinuum-based
model [7].

3. Roof fall mechanism from longwall face in Australia

Based on a program of intensive hydraulic support monitoring in various Australia mining
conditions, Frith et al. [9] stated that the roof stability between the face and canopy tip is one
longwall face problem that is not only affected by face spall but also more importantly, the
amount of roof convergence during mining cycles. The authors found that the likelihood of
a roof fall is directly related to the heavily stresses area and the strength and structure of roof
strata, as illustrated in Fig. 5. The relationship between roof fall and roof convergence was
further validated against the field measurements implemented by Medhurst [10]. This author
also outlined key factors driving the fall, which are setting load of support, strength of roof
strata, tip-to-face roof span and support capacity.

Using site experience from one mine at Bowen Basin, Queensland over 10 years of
longwall production, Payne [11] concluded that weak roof (less than 10 MPa in the bolted
horizon) was the main roof control problem at the site. Furthermore, weak and highly cleated
coal, water inflow from overlying aquifers, some minor structures, and a diatreme in the main
headings have also contributed to the challenges at the mine. In an extreme case, weak roof
combined with friable weak coal is particularly prone to roof fall when production slows due
to delay or preparation for longwall take-off.
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Fig. 5. Cantilevering action of strata resulting in highly stresses immediate roof [9].



4. Roof fall mechanism from longwall face in Poland

In Poland, longwall method is the main mining system used for hard coal mines. Difficult
mining conditions such as deep mining, previous mining activities and rock mass tremors
result in minor and massive roof falls in longwall faces as stated by Prusek et al. [12]. The
author determined seven parameters controlling roof fall (i.e., low self-supporting ability of
first roof strata; massive roof layers overhanging behind shield line; distribution of support
capacity along canopy length; low bearing capacity of immediate floor strata; face orientation
in relation to roof strata joints’ direction; face line orientation to faults; longwall inclination)
before developing a new method for assessing the risk of roof fall (Fig. 6). It is noted that
since the method was mainly based on empirical and expert techniques, the geotechnical
mechanisms associated with roof fall were not considered in the assessment.

‘ Geological and mining conditions |
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—} Technical design of mining operations

i i
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Equation 1 ey % Table 2
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| | ,
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Fig. 6. Support VINAALTA 2.0/3.15 and shearer MB 12-2V2P/R-450E applied at Vang Danh coal
mine in period of 2008-2012. Algorithm for assessing roof fall risk in caving longwall [12].

5. Roof fall mechanism from longwall face in Vietnam

Roof fall ahead of support in longwall face has been reported in Vietnam coal industry
for a long time but only in recent years the problem has been studied in mechanised longwalls.
Vu and Do [13] theoretically analysed the impacts of mine pressure, geological condition,
unsupported span of roof, face advance rate, and setting load and unloading of support on
coal wall spall and roof fall before proposing some technical measures to the problem. Based
on on-site experience when dealing with roof fall in the world, Dao [14] analysed the
influence of geological parameters on roof fall and proposed some reinforced solutions to
weak coal/rock in accordance with Quang Ninh mining condition. More recent works [15-
17] focused on the relationship between coal cohesion and coal moisture based on which a
practical solution such as water/chemical injection was developed. A trial application was



conducted at longwall 14-5-11 by using Erkadol-K/Erkadur chemical made in Poland, as
shown in Fig. 7.

Fig. 7. Chemical injection to prevent coal wall spall and roof fall [18].

6. Discussion and Conclusions

Industrial reports from major coal industries such as China and Australia have outlined
that roof fall ahead of face support is basically related to the roof convergence rate and/or
coal wall spall. This explains why several investigations (e.g., Chinese and Vietnamese
studies) have focused on coal wall spall problem to gain insight into roof fall. Theoretical,
empirical and field measurement methods were implemented to successfully determine major
causes of the spall/fall in past studies; however, the internal mechanisms during the fall could
not be represented nor analysed. Alternatively, numerical methods were successfully used to
investigate roof failure and roof fall mechanisms. The continuum methods realistically
simulated stress change, material failure mode and coal seam deformation when the fall
occurred. Nevertheless, due to the continuum medium of modelling, the investigations could
only indirectly study the complete detachment of coal/rock material. Unlike continuum
methods, discontinuum methods are capable of modelling the complete detachment in the
fall. It is important to note that unrealistic interaction between intact material failure and
discontinuity failure is always a challenging issue in plastic-discontinuum model. A solution
to this issue has recently proposed in Le et al. [19].

Based on scientific works and reports from China, Australia, Poland and Vietnam coal
industries, this paper confirms that roof stability between coal wall and face support is
simultaneously controlled by coal seam, roof strata and support characteristics. Numerical
modelling is capable of representing material failure and fall mechanisms in different geo-
mining conditions; therefore, they show great potential application in studying roof fall. The
paper’s findings provide mining engineers/scientists with a systematic understanding on roof
fall from which more effective roof control strategies can be further developed.

This work was financially supported by Hanoi University of Mining and Geology through Project
T18-21. Paper was presented during the 5t POL — VIET International Conference Scientific-Research
Cooperation between Vietnam and Poland, 08-10.07.2019, AGH UST, Krakow, Poland.
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Status and prospects of underground coal mining technology in
Vietnam

Tien Dung LE"" and Xuan Nam BUI!
"HUMG Hanoi University of Mining and Geology, Faculty of Mining, Hanoi, Vietnam

Abstract. Underground coal mining in Vietnam plays an important role to
not only the sustainable coal industry but also the energy and social security
in this country. Although the Vietnam coal industry has produced 35-45
million tonnes of raw coal per annum in past ten years, a great volume of
coal resources remains distributed in complex geo-mining conditions and
mostly unmined. This paper presents a brief review of the current and
potential technologies for cutting coal and controlling roof in Vietnam
underground coal mines. From the review, it is concluded that there is an
urgent demand on improvement of current technologies as well as on
investigation for effective application of more advanced mining methods
into the industry, especially for deep mining at Red River Delta—the largest
coal basin in Vietnam.

1 Reserves and coal production in Vietnam

Vietnam has been ranked to have a remarkable potential of coal extraction. In this
country, there are four major coal types with the corresponding distributions: anthracite coal
in North-East basin mainly at Quang Ninh province; bituminous coal in other domestic basins
at Thai Nguyen, Lang Son and Hoa Binh provinces; sub-bituminous coal in Red River Delta
basin; and peat coal mainly in peat basin at Mekong River Delta. The total coal resources
estimated by March 2016 is approximately 48.8 billion tonnes (Table 1) [1].

Coal industry in Vietnam is mostly operated by Vietnam National Coal-Mineral
Industries Holding Corporation Limit (VINACOMIN) through surface and underground
mining methods. According to [2], VINACOMIN has operated five large surface coal mines
with annual production greater than 2 million tonnes (Cao Son, Coc Sau, Deo Nai, Ha Tu
and Nui Beo mines), 15 surface coal mines with production from 0.1 to 0.7 million tonnes
per year, and some mines with production lower than 0.1 million tonnes per year. Regarding
underground mining, VINACOMIN has operated 30 coal mines with nine mines producing
greater than 1 million tonnes per year (Mao Khe, Nam Mau, Vang Danh, Ha Lam, Quang
Hanh, Khe Cham, Duong Huy, Thong Nhat and Mong Duong mines). Other underground
coal mines have small reserves, narrow coal field and are not favourable for mechanised
mining technologies. The coal production in the period of 2007-2015 is summarised in Table
2 [3]. In 2017, VINACOMIN produced approximately 33.5 million tonnes and in 2018 the
planned production was 36 million tonnes. To 2020, the coal production is forecasted around
42 million tonnes per annum.

* Corresponding author: t.d.le@humg.edu.vn
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Table 1. Total estimated coal resources in Vietnam by March 2016, million tonnes [1].

Coal basin Reserves Firm Trust Estimated Forecast Total
resources resources resources resources
Total 2,260 161 1,137 2,687 42,632 48,878
North-East 2,219 109 395 1,585 1,979 6,287
basin
Red River 525 955 40,531 42,011
Delta basin
Domestic basin 41 52 74 32 6 206
Local coal 10 8 19 37
mines
Peat coal 133 107 96 336

Table 2. Coal production in period of 2007-2015, million tonnes [3].

2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 (est.)
Raw coal 45 45 46 47 48 44 43 37 41
Surface 27 25 26 27 26 22 21 17 18
Underground 16 18 18 20 21 21 22 20 22
Others 2.39 1.84 | 2.02 | 050 | 0.71 0.51 0.65 | 0.50 1.00

The technical solutions to the urgently required sustainable mining in Vietnam are to
decrease surface mining operation, increase underground mining operation, focus on deep
large mines and apply advanced technologies. VINACOMIN has planned to close 19 surface
mines by the year 2030 and will operate 19 new coal mines which are mostly underground
in the period of 2015-2025 [4]. At the North-East basin, many underground coal mines are
operated at 200-250 m below surface and going deeper. At the Red River Delta basin, coal
gasification extraction has been investigated for application due to complex geo-mining
conditions and social security at the site. It can be seen that these solutions are largely relevant
to the mining technology. As a result, the authors hope that an introduction of status and
prospect of the underground coal mining technologies in Vietnam in this paper would be an
interest to the participants of the 5" Pol-Viet conference.

2 Technologies for underground coal mining in Vietnam

Although Vietnam has more than 100 years of coal extraction, its coal industry officially
started in the 1990s in the North-East coal field. Before the 1990s, the mining technology
was simple and mostly manual. Coal was broken by blasting and roof was supported by




wooden/steel/hydraulic prop and cage (Fig. 1). This mining technology unsurprisingly
resulted in low mine safety and production. Since the 1990s to the early 2000s, coal was still
cut and broken by blasting while roof pressure was mainly controlled by hydraulic prop and
semi-mechanised support (Fig. 2). The semi-mechanised support has greatly improved the
safety at working area, saving the time for roof control and consequently significantly
increasing the productivity (up to three times) compared to manual technology. The
extraction with semi-mechanised support has been innovated and adapted for unfavourable
mining conditions in the North-East coal basin. For example, since 2015 VINACOMIN has
applied the soft support namely ZRY (Fig. 2) for medium-thick and steeply inclined seams
at Hong Thai coal mine with high production and low coal loss rate.

Fig. 2. (a) Semi-mechanised support ZH-1600 at surface and in underground [5].



Fig. 2. (b) Soft support ZRY 20/30L at Hong Thai coal mine with 1-oriented bar, 2- roof bar, 3- rear
bar, 4- tail bar, 5- piston [6].

In June 2005, the first fully mechanised coal mining technology was trialled at Khe Cham
coal mine (now Khe Cham I) [7]. Coal was cut by shearer and roof was controlled by
mechanised supports (shield). The production was reported at 1.5-2.5 times as much as that
of previous technologies applied at the mine. This technology, however, did not allow to
extract the top coal section in the thick seams at Khe Cham I. Since then, the fully mechanised
technology has been increasingly applied at VINACOMIN coal mines (Vang Danh, Nam
Mau, Ha Lam, Duong Huy and Khe Cham III mines). The technology is now capable of
mining thick coal seam and referred to as High Reach Single Pass Longwall and Longwall
Top Coal Caving (LTCC) methods. The LTCC face support and shearer operated at some
mines are illustrated in Figs. 3—6. It is noted that at Khe Cham III, the equipment was selected
to deal with the soft coal and surrounding rock, groundwater issue and inconsistent seam
angles at the site.

MENOnHeHMe
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Fig. 3. Support VINAALTA 2.0/3.15 and shearer MB 12-2V2P/R-450E applied at Vang Danh coal
mine in period of 2008-2012.



Fig. 4. Support ZF4400/17/28 and shearer MG 170/410-WD applied at Vang Danh since 2017.

Fig. 5. Support ZF4400/16/28 and shearer MG 150/375-W applied at Ha Lam coal mine.



Fig. 6. Supports ZFY5000/16/28, ZFG6200/17/30 and shearer MG150/375-WD applied at Khe Cham
III coal mine since 2016.

3 Potential technology for mining Red River Delta coal basin

According to [8], Red River Delta coal basin plays an important role in the energy security
of Vietnam because of (1) large reserves of 30—60 billion tonnes and (2) good coal quality
for producing electricity, gasification and metallurgy. Unfortunately, the geological
conditions here are extremely complex (e.g., weak surrounding strata and closely-located
aquifers) while the surface is crowded area with agricultural activities. The governmental
coal plan [9] has identified traditional underground mining and Underground Coal
Gasification (UCG) (Fig. 7) as applicable technologies for the basin. However, since a
reliable geological exploration has not been implemented at the area, the above technologies
are considered as potential at present and must be well tested prior to real operation. This
also means that there is certainly room for far more technical investigations and development
to socially and economically efficient extract Red River Delta coal basin.
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Fig. 7. Principle of Underground Coal Gasification [10].



4 Conclusions

Underground coal mining is becoming more important to the sustainable coal industry in
Vietnam. The cutting and roof controlling technologies for underground coal extraction has
been significantly improved since the 1990s, contributing to safer mining operation with
higher and more efficient coal production. Since a great volume of coal resources is
distributed in complex geo-mining conditions in this country (e.g., weak coal and
surrounding rocks, thickness and angle of seams varying along strike and dip, hard rock band,
deep mining, etc.), there is an urgent demand to improve the mentioned technologies, taking
into consideration the advanced techniques in the world for extracting coal in more
unfavourable conditions. For the mining at the largest coal basin Red River Delta, the
information regarding both geological assessment and potential mining method is insufficient
at present that requires more reliable investigations in future.

Paper was presented during the 5" POL — VIET International Conference Scientific-Research
Cooperation between Vietnam and Poland, 08-10.07.2019, AGH UST, Krakow, Poland.
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Abstract: The research about wastewater treatment in laboratory scale of
Trang Bach coal mine in Vietnam was carried out in the year of 2016. We
concluded the content of chemical compound that needed to treat the pH,
Fe, Mn component and Turbidity & Suspended Solids (TSS) in the
wastewater to meet the requirement of the Technical Regulation for
Industrial Water of Vietnam. In this article, we suppose to compare the
Vietnam and Poland regulations for industrial wastewater based on the
result of our research about Trang Bach coal mine wastewater treatment
before and then assess the potential to exchange the scientific works about
wastewater treatment between Vietnam and Poland.

1. Introduction:

The coal mining industry in Vietnam has played an important role in economic growth
[1]. It is estimated that the coal consumption of Vietnam in 2018 is 40 million tons, with 29
million tons for the coal electric plants [4] The current direction of coal industry
development plan in Vietnam is not to develop at any cost but to find a way for sustainable
socio-economic development, satisfying human’s both physical and spiritual needs,
enhance the international cooperation to apply the advantage technology into the
exploitation and management tasks [2]. In parallel with it, Vietnamese and Polish people
have started since the last decade of the 20th century their efforts in promoting human
resource capacities and to enhancing international understanding and friendship between
the two countries, especially in the mining field [3]. This article is also a result of the
research cooperation between Vietnam and Poland. The first author, a Vietnamese student,
continues the Master degree in AGH University of Science and Technology, Krakow,
Poland (AGH UST) after his graduation in Hanoi University of Mining and Geology,
Vietnam (HUMG). Meanwhile, the second author, a Polish Ph.D. student in AGH UST,
takes part in the “Erasnus+ exchange program” in HUMG.

The authorities in Vietnam are putting a huge effort to minimize the environmental risk
in mining, especially in the wastewater treatment [2].In this article, we suppose to compare
the technical regulation for the wastewater of Vietnam and Poland, not only in theory but
also in practice, base on our previous research about the wastewater treatment research in
laboratory scale for the Trang Bach coal mine in Vietnam. We hope that this will be a
contribution for the sustainable development of the coal mining industry in Vietnam as well



as a suggestion for a new direction for student scientific exchange between the two
countries in the future.

2. Methodology:

In this article, we will use national technical regulations for the industrial wastewater
from both countries, Vietnam and Poland, Vietnam to compare these regulations and point
out the differences and similarity between them. After that, we will base on our previous
research about the wastewater treatment in laboratory scale for the Trang Bach coal mine,
Vietnam as a case study to bring the theory to practice.

3. The technical regulations on the industrial wastewater in Vietnam and Poland:

The current national technical regulation on industrial wastewater in Vietnam is QCVN
40:2011/BTNMT, issued by the Ministry of Natural Resources and Environmental,
Vietnam in 2011 [[5]. It controls the maximum allowance value of 33 pollution parameters
in industrial wastewater before discharging into the natural channel. These parameters are
separated into 2 ranks, rank A is for discharging directly into the sources that be used for
water supply, serving human demand ( drinking, daily needs,...), otherwise, the rank B is
the requirement discharging the wastewater into the other sources [[5]. The Department of
Water Resource Management, Ministry of Natural Resources and Environmental, Vietnam
is responsible for the supervision of the implementation of this regulation [6]. This
regulation is the innovation of QCVN 24:2009/BTNMT - National Technical Regulation on
Industrial Wastewater, which was issued in 2009 [[5]. The first regulation about the quality
of industrial wastewater quality in Vietnam was promulgated in 1995, named TCVN 5945
— 1995 [7]. Ten years later, it was replaced by the “TCVN 5945 - 2005: Industrial
wastewater - Discharge standards” [8]. In 2009, the industrial wastewater regulation of
Vietnam was upgraded to “ QCVN 24: 2009/BTNMT, National Technical Regulation on
Industrial Wastewater” before being represented by the QCN 40:2011 since 2011.

Regulations for wastewater in Poland before discharging to natural channels are
represented by Regulation of the Minister of Environment from 18 of November 2014
when pumping sewage into waters or to land and on substances particularly harmful to the
aquatic environment and by the Regulation of the Minister of Environment from 27
November 2002 when pumping seawage into the surface waters that used for supply. The
regulation first specifies:

» substances particularly harmful to the aquatic environment, causing water
pollution that should be eliminated, and substances in particular harmful to the
aquatic environment, causing pollution of water, which should be restricted;

» conditions to be met when introducing sewage into waters or into the ground, incl
maximum permissible contamination values, and conditions to be met in the
purpose of agricultural use of sewage;

» location and minimum frequency of sampling of wastewater, reference
methodologies

> analysis and assessment of whether sewages meet the required conditions;



» maximum permissible pollution values for wastewater from sewage treatment
plants for household and municipal purposes as well as for wastewater from
sewage treatment plants in the agglomeration.

Meanwhile, the second specifies:

» the requirements for surface water used to supply the population in water intended
for consumption called hereinafter "waters";

» the frequency of sampling water, methodology reference analyzes and assessment
of whether the water meets the required conditions.

The important parameters of wastewater in coal underground mining are pH value, the
content of Iron (Fe), Manganese (Mn) and Turbidity & Suspended Solids (TSS) [9]. They
are clarified in both regulations from Vietnam and Poland (Tab.1 and Tab.2)

Table 1. The requirement parameters on pH, Iron, Manganese, and TSS in industrial wastewater in
Vietnam [5]

pH Fe (mg/l) Mn (mg/l) TSS (mg/l)
A level - QCVN
6-9 1 0.5 50
40:2011/BTNMT
B level - QCVN
55-9 5 1 100
40:2011/BTNMT

Table 2. The requirement on pH, Iron, Manganese, and TSS in industrial wastewater in Poland [14-
15]

Fe Mn TSS
pH
(mgl) | (mgh) | (mg)
Regulation of the Minister of Environment
from 18 of November 2014 (entering 6.5-9.0 10 - 50
sewage into waters or into the soil)
Regulation of the Minister of Environment
from 27 November 2002 (water intended
65-85 1] 0.1-0.3 0.05 25
for consumption) — Category Al will be
considered only




4. Identification Of The Optimal Dosage Of Chemical Compounds In The Wastewater
Treatment Of Trang Bach Coal Mine On Laboratory Scale:

The Trang Bach coal mine is 80km far from Hanoi, the capital city of Vietnam, this is
an underground coal mine which has a large amount of contamination in the wastewater
due to the accumulation of the material within the wastewater during the exploitation
activities [11]. The wastewater in the Trang Bach coal mine is highly acidic and contains a
great amount of iron, manganese and suspended solid content [12-13]. The quality of
wastewater after treatment in the Trang Bach coal mine sometimes did not meet the
requirement of the technical regulation on the industrial wastewater in Vietnam and Poland

(Tab.3)

Table 3. The quality of wastewater of Trang Bach coal mine after treatment in 2014, 2015 [12-13]

QCVN Regulati
. on of the
2014 2015 40:2011 Regulati i
inister
/BMT on of the
of
Minister
Environ
of
ment
Environ
from 27
ment
Novemb
from 18
er 2002
No of
Value N b (water
ovem
> | & | M- 5 9- 10- intended
201|201 | 201 | 201 | 201 | | Blevel er2014 4 o
(entering
4 4 4 S S consum
sewage )
) ption) —
nto
Categor
waters
] y Al
or into
will be
the soil)
consider
ed only
1 pH 68 | 48 | 52 3 5.6 5.9 5.59 6.5-9 6.5-8.5
TSS
2 (x10 1.1 6 53 | 34| 27 1.8 10 50 25
mg/1)
3 Fe 08|59 391 | 57| 50| 552 5 10 0.1-0.3




(mg/1) 1 5 1 5

Mn 0.5 ] 07 09 | 1.2
4 0.64 1.46 1 - 0.05

(mg/1) 6 1 6 5

The wastewater samples in Trang bach coal mine were collected in the dry season of
2016, they are highly acidic and contaminated by iron, manganese, and TSS [10]. Table 4
shows the average quality of Trang Bach coal mine’s wastewater samples:

Table 4. The quality of wastewater samples in comparison with the regulations [10]

pH Fe (mg/1) Mn (mg/1) TSS (mg/l)

Result 3.31 59 24.4 148

B level - QCVN
40:2011/BTNMT 55-9 5 1 100
standard

Regulation of the
Minister of
Environment
from 18 of
November 2014
(entering sewage
into waters or
into the soil)

6.5-9 10 - 50

Regulation of the
Minister of
Environment
from 27
November 2002
(water intended
for consumption)
— Category Al
will be
considered only

6.5-8.5 0.1-03 0.05 25

Firstly, the calcium oxide was used to increase the pH value to meet the requirement of
the B level - QCVN 40:2011/BTNMT standard, which also brings a positive effect in
decreasing the iron content. Secondly, the authors used the PAC - Poly Aluminium
Chloride (AIm(OH)nCI3m-nxH20, with m < 10, 2 <n < 5) to deal with the manganese and
TSS content, the performance of the chemical reaction was supported by the Jar-test stirring
standard [10]. The study concluded that on the laboratory scale, the optimal dosage of
chemical compounds for the wastewater treatment process in Trang Bach coal mine is 280
mg/l CaO 70 % and 125 mg/l PAC to meet the requirement of national technical regulation
on industrial wastewater of Vietnam (Table 5).




Table 5. The quality of wastewater sample after the treatment with 280 mg/l CaO 70 % and 125 mg/1
PAC[10]

pH Fe (mg/1) Mn ( mg/l) TSS ( mg/l)

5.53 0.11 1 0

Final results after wastewater treatment are not accepted by Polish regulations for water
conditions to be met when introducing sewage into waters or to land, and on substances,
particularly harmful to the aquatic environment and also did not meet an agreement with
regulations about water for supply population in water intended for consumption.

5. Discussion and Conclusion

The wastewater quality of Trang Bach coal mine is not good enough to be discharged
immediately into the surface water. After treatment process by using 125 mg/l PAC quality
is still too low to pass all regulations from Regulation of the Minister of Environment from
27 November 2002 on the requirements to be met by surface waters used for supply
population in water intended for consumption. In comparison with both Polish regulations,
the content of Fe and TSS meet the requirement but the pH and Mn does not. This result
shows that there is a possibility to apply a similar study into the wastewater treatment for
the coal mines in Poland.

In term of the corporation enhancement between Vietnam and Poland, based on the
education background of the first and the second authors and the positive which was
obtained after the time we were working together, we recommend the authorities from both
countries to think about a new approach for student scientific exchange between the two
countries. The student from Poland could come to Vietnam and do the research with
Vietnamese student in laboratory scale, in contrast, the Vietnamese student could improve
their skills through exchange programs in Poland under the support of Polish student.
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Abstract. Having enjoyed an economic upsurge in recent years, Vietnam is
now recording increased demand for electrical energy. Its production, for
the most part, relies on the coal mining industry, thus resulting in a strong
upward trend in mining volumes. Being geologically complex, Vietnamese
mines are characterised by a complicated structure of their headings. The
local ventilation systems are also affected by there being very few automatic
dams and an by increases in airflows delivered to the mine. For this reason,
in order to analyse airflows and maintain the proper control of ventilation
systems, computer software is required. The article offers a comparison of
computer programs — Kazemaru, VentGraph and VentSim — as employed
for use in Vietnamese mines. The assessment covered the manner in which
these programs are used and how their output data are presented, as well as
their range of applications in the conditions of Vietnamese coal mines.

1. Introduction

In recent years, the economy of Vietnam has been growing at a rate of 6-7% (with 6.8%
recorded in 2017) [1]. The primary source of energy security is coal mining. Up to 2011,
open-pit mines had served as the primary source of coal production [2]. At present, open-pit
mining accounts for approx. 40% of the entire coal production and continues to drop. This
results from the maximum depth being reached up to which mining is profitable. The hard
coal production in the years 2017-2018 and the volume to be mined by 2030 are presented in
Table 1.

Table 1. Hard coal production volume in Vietnam in 2017-2018 and the volume to be mined by 2030

Year 2017 2018 2020 2025 2030
(m};ﬁl;ml\?[g) 35.6 40.0 47-50 51-54 55-57

The main coal producer in Vietnam is Vinacomin, which expects coal production to reach
40 million Mg in 2019 [3]. Detailed information on Vinacomin’s coal production from 2011
to 2017 is presented in Table 2.

* . . . . .
Corresponding author: ironcrossvinacomin@gmail.com



Table 2. Vinacomin’s coal production in 2011-2017 [4].

Year 2011 2012 2013 2014 2015 2016 2017
Production | 4o 03y | 44512 | 42687 | 37430 | 37384 | 34791 | 35.037
(million Mg)

The planned increase in extraction and the mining of lower coalbeds are connected with
problems related to ventilation, transport, operational systems used, occupational safety and
natural hazards. Ventilation plays a very important role in underground mining activities, as
it is used not only for aerification and air-conditioning, but also for combating fires and
underground explosions. The main purpose of ventilation is to provide adequate air
parameters, achieve the required air flow velocity and remove gases harmful to humans.

2. Ventilation in Vietnamese mines

The Vinacomin Group, which is responsible for the majority of coal extraction in
Vietnam, assumes its continuous growth. Therefore, modernisation and increased mining
mechanisation are being introduced, which is connected with the implementation of more
efficient machinery and equipment for underground coal mining. This, however, results in
higher amounts of combustion engine gases and more heat generated by engines, machinery
and heavy-duty equipment. For the above reasons, the issue of ventilation has taken on an
increasingly important role.

Due to their specific nature, Vietnamese mines are facing more and more ventilation
problems:

e The complex geological structure makes it necessary to build irregular pathway grids,
which further complicates the ventilation system and the calculation of ventilation
parameters.

o Despite mining depths still being relatively low (up to 300 m), there are problems with
high temperatures. This is mainly due to high temperatures outside in the summer and
high humidity, but also the continuous development of mechanisation. These factors
necessitate increasing the ventilation airflow or, in extreme cases, ceasing coal
production.

e Central air conditioning systems have not yet found their place in coal mines. The first
on-site air-conditioning units appeared in the Halam mine in Halong.

e The limited number of automatic dams used there contributes to difficulties with airflow
and its control.

e Problems also result from dust generated during mining works, transport and processing
of coal.

e Coal blasting is often used, which further increases the temperature in the heading and is
a source of toxic gases. It was only recently that a long-wall coal cutter was introduced
in the Halam mine — Figure 1.



Fig. 1. A long-wall cutter in the Halam mine in Halong.

The absence of a filling method leads to the occurrence of numerous voids in the
excavation areas.

While increasing their ventilation airflows, many mines have failed to accordingly adapt
shafts and ventilation ducts. This has led to problems with airflow, in addition to
difficulties in controlling the distribution of air.

With so many changes at hand, the knowledge of airflows and proper control of

ventilation systems is necessary. Determining airflow routes, values of resultant resistance,
and air distribution requires that calculations for the ventilation system be made. At present,
simulations and analyses of such systems in coal mines require the use of computer software.

3. Computer programs used to simulate ventilation systems in underground mines

Computer software has come to be widely used in the simulation and analysis of

ventilation systems. A general comparison of such programs can be found in [5], and more
detailed descriptions, including analyses of the applied mathematical models, are presented
in [6]. Computer software mainly serves as a tool assisting engineers in charge of mine
ventilation. Their main duties include:

developing a digital model of all headings;

performing ventilation simulations both in normal conditions and during emergency;
including in simulations disturbances such as fires, sudden methane influxes, gas
ejections, and rock bursts;

ensuring compatibility with sensors of mine monitoring systems;

forecasting ventilation following changes made to the ventilation system.

Many of these programs provide some additional options:
simulation of weather conditions;

simulation of demethanation systems;

employee records;

financial calculations.



The most popular programs used by coal mines include: VentSim, VentGraph, Vuma3D,
Vnet, ICAMPS MineVent, Kazemaru, 3D-CANVENT?* AutoWENT and AERO 2010d.
The article focuses on Kazemaru, VentGraph and VentSim — three programs which have been
most commonly used in the analyses of Vietnam’s ventilation systems.

3.1 Kazemaru

“Kazemaru”, a program developed by Prof. Masahiro Inoue from the Kyushu University,
Japan, is now used in the majority of Japanese coal mines. Its sample modes of usage are
described in [7]. The program is characterised by features such as:

o simplicity and user-friendliness;

data editing using a ventilation diagram,;

maximum number of nodes: 1000, maximum number of ventilation pathways: 1500;
calculation time of less than one minute for systems consisting of around 100 nodes and
150 pathways;

inclusion of natural ventilation parameters and ventilator specifications;

graphic simulation of the distribution of air;

the possibility of including fires;

simulation of temperature distribution, gas concentration, and smoke distribution during
a fire.

The main program window with a fragment of the ventilation system is shown in Fig. 2;
the ventilator specification window is presented in Fig. 3.
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Fig. 2. A fragment of the ventilation system in Kazemaru software.
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Fig. 3. Ventilator specification window in Kazemaru software.

3.2 VentGraph

VentGraph is a program consisting of combined modules, designed to solve complex

problems in mine ventilation systems. It includes the following calculation modules [6, 8, 9]:

GRAS — determining the set distribution of air in a network of headings in normal
conditions and during emergency. The module makes it possible to change the resistance
of a selected heading, add a dam with a specific resistance, apply fire depression, change
the type of siding, modify ventilator specifications, change the delivery rate of air,
methane or carbon dioxide, etc.

FIRE — calculations to determine the impact of the seat of fire on the level of ventilation.
A module which simulates unspecified air and gas distribution in a network of headings
following an underground fire. It therefore makes it possible, by simulating various fire
variants, to predict how the ventilation system will behave during the fire.

VentZroby — calculates airflows in the ventilation system and the adjacent goaves,
accounting for the impact of fire on ventilation.

VentWilg — simulates the impact of fire on the distribution of humid air in a network of
headings.

ESCWIN — a module cooperating with the monitoring network to provide support in fire
prevention. This module can collect data on the status of an actual ventilation system by
leveraging data collected by the sensors of the mine’s monitoring system. This provides
the mine dispatcher with a quick overview of the available outposts and escape routes and
allows them to separate the area subject to fire smoke hazard.

VentGraph has found broad application in Polish and foreign mines. It has been

numerously validated [10-12] and used in the analysis of ventilation systems and simulations
not related to coal mine ventilation [13-21]. Fig. 4 shows the VentGraph interface with the
ventilator specifications and ventilation system structure windows.
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Fig. 4. The ventilation system, the ventilator specifications, and the structure of the ventilation system
in VentGraph.

3.3 VentSim

Developed in 1993, in 2009 the program received the 3D simulation functionality. It is
now used all over the world, including, since recently, selected mines in Poland. Its enhanced,
Premium, version features the following functionalities [22, 23]:
3D presentation with accurate object sizes;
animations of the airflow in the ventilation system;
maximum number of ventilation pathways: 60000;
calculations for variable air density;
inclusion of changes to the ventilators’ rotational speeds and ventilator reversions;
simulations of thermodynamic parameters (cooling and heating, thermal properties of
rocks, sources of heat, natural ventilation);

e transport of contaminants (distribution of smoke and contaminants, concentration of
contaminants, coal blasting smoke, diesel engines);

e detection of flow recirculation;

e financial calculations.

Similarly to VentGraph, VentSim has many applications, also outside the mining
industry. Study [24] describes how the VentSim program is used for the analysis of the
ventilation system in the Donghai mine, China. The manner in which VentSim can be applied
to analyse the behaviour of a ventilation system after the introduction of mine pit sealing is
presented in article [25]. [26] discusses the results of modelling of a ventilation system in the
Romanian mines of Lupeni and Uricani. Brake [27] addresses modelling in three fire
scenarios: in an underground diesel installation, an underground explosive storage magazine,
and on an ore belt conveyor. The simulations of various solutions to increase air flow in the
Rosh Pinah mine, Namibia, are described in [28]. The software has also been used to optimise
and analyse the ventilation system in the Redeemer [29] and Bronzewing Gold Mines [30] in
Australia, the Majiagou mine in China [31], the Western-Razmja mine in Iran [32], and the
Konkola Copper Mine in Zambia [33]. [34] presents changes made to the ventilation system
to reduce the costs of ventilation in the Zhangcun mine, China.



VentSim was used to perform an analysis of the ventilation system in the Mong Duong
mine in Vietnam. Figures 5-7 provide a view of the ventilation system as 2D (Fig. 5) and 3D
(Fig. 6) images and as fragments depicting the complex layout of pathways (Fig. 7).

& et 8 a

Fle WView Savedviews Run Connect Setiings Window Help @)  Stage |Stage1 V& [T
r o0 - @ IR B
@

| ity - T arfow < | Quany

JJo-mi|@l 2 |

| @l 2| ©licoords 4554944 F 2330706.0N 1062 |Status | Compressible [Yes] : NVP [Ves] | Airways 1047

Fig. 5. A 2D diagram of the ventilation system in the Mong Duong mine.
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Fig. 6. A 3D diagram of the ventilation system in the Mong Duong mine.
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Fig. 7. A fragment of the ventilation system in the Mong Duong mine.

4. Summary

A ventilation system is indispensable in every underground mine, not only contributing
to the comfort of work, but also, and primarily, enhancing worker safety. For the purpose of
analysis, optimisation or planning of ventilation systems, specifically designed software is
used. Vietnamese coal mines use the following three programs: Kazemaru (in the Campha
region), VentGraph (selected mines) and VentSim (in the regions of Uongbi and Halong).
Having worked with them, the authors could formulate a subjective assessment of these
programs (the more stars, the better), as presented in Table 3.

Table 3. Comparison of Kazemaru, VentGraph and VentSim software in Vietnamese mines

Assessment criterion Kazemaru | VentGraph VentSim
Computing speed * * * * * % * %k %
Data entry speed * * * *
Graphical user interface * * * * % K
Production tracking - * * * % %
Ventilation planning * %k * * *
Calcylapons for a duct line ) ) T
ventilation system
Connectivity with the monitoring ) *x *k
network

The assessment pertains exclusively to the specific conditions of the Vietnamese mining
industry. Currently the computer programs are mostly used to verify the correctness of
calculations, not for production tracking or the monitoring of ventilation systems. As coal
production and work mechanisation are growing, however, computer software is gaining in
popularity and is being deployed on an increasingly broad basis.
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Abstract: The article in individual chapters discuss domestic coal
resources in Poland and Vietnam, types of coal occurrence in both
countries, the processing status and main domestic mining companies. The
last part will be a comparison of mining prospects and plans for the
development of coal mining in both countries and a summary of positive
practices in both countries.

1. Introduction

Poland is the biggest coal producer in Europe. The coal mining industry plays a key role
in energy production. More than 78% of the energy is produced from brown and hard coal.
After break down of the global coal market, the coal mining sector changed. Now Poland
has 5 main hard coal producers and 4 big producers of brown coal. The most important now
in the Polish mining sector is to establish more economic manage system, put more
attention on environmentally friendly technologies of exploitation and preparation and be
more competitive on the global market but still play the key role in Europe [8].

Vietnam is one of the most important producers of anthracite. After 1995 position of the
coal industry and coal in the economy in Vietnam has changed. VINACOMIN is the
leading company in Vietnam coal market. Coal industry plays an important role in the fast-
growing economy in Vietnam and also in energy production. Vietnam starts putting more
responsibility on environmental protection but another thing is increasing production
efficiency in processing plants, build new underground mines and close open-pit mines [3].

2. Coal resources and coal basins

The documented balance of coal resources in Poland at the end of 2017 is 60 496 min
tons. Steam coal is 70.67%, coking coal is 28.03% and rest of coal types is 1.30% of all
coal resources. Deposits currently in use is 37.19% of balance coal resources (22 497 min
tons). The hard coal deposits in Poland occurred in 3 coal basins:

» Upper Silesian Coal Basin (GZW) - main coal basin on the south area in Poland.
In this basin are almost all opened coal mines. Area of GZW is 5 600 km2 and got
80.00% of all documented balance resources of coal.



» Lublin Coal Basin (LZW) - located in the east of Poland. In this basin work 1 coal
mine "Bogdanka". The area of perspective deposits got 9 100 km2 and area of
documented deposits is 1 200 km2. Only 0.9% of this basin is currently being
developed.

» Lover Silesian Coal Basin (DZW) - exploitation was finished in the 2000 year.
The main reason for stoped exploitation was hard geological conditions.

Currently, available data shows that coal reserves in Vietnam are about 49.8 billion
tons. Coal resources are classified into a few categories: measured & indicated reserves
(categories A+B+Cl1) is 33%, inferred (C2) 39% and prognostic resources (P) is 28%. In
Vietnam appeared all types of coal: anthracite (already mined), bituminous coal, sub-
bituminous coal, lignite coals, and peat coal. Coal plays a key role in the Vietnam economy
and energy sector. Most important coal basins are located in Quang Ninh, Red River Delta,
Thai Nguyen, Bac Kan, North Path, Da River, Ca River, Na Duong, Nong Song, Ba River,
Mekong River Delta (Fig. 1). Vietnam got one of the biggest resources of anthracite. Quang
Ninh coal basin is the most important area for coal mining, where has almost all currently
coal mines and coal preparation plants. Quang Ninh basin is located in the northeast part of
the country, it occupies the area of about 5900 km2 of which 2800 km?2 is forest land and
510 km?2 is agricultural. Coalfields in this area is located very close to the coast so it is a
very good location to send coal for the international coal market. Exploitation begins in this
basin in 1839. Quang Ninh coalfield got 8.7 billion tons of coal resources (anthracite). Most
important coal deposits in Quang Ninh basin: Mao Khe, Trang Bach, Nam Mao, Vang
Danh, Uong Thuong, Dong Vong, Nga Hai, Khe Tam, Giap Khau, Nui Bao, etc. and are
shown in Figure 2. Most important ports are Cam Pha Port and Hon Gai [2, 3, 4, 5, 7, 8, 9].

3. Coal industry policy, companies, and production trends

In 2018 the plan for Polish hard coal mining sector was accepted and signed by the
Council of Ministers (published by Ministry of Energy). After break down of coal global
market, the most important change was the creation of new mining company Polska Grupa
Gornicza S.p. z 0.0. in 100% owned by Government. This company consists of coal mines
from old companies Kompania Weglowa S.A. and Katowicki Holding Weglowy S.A. New
company is an owner of three consolidated mines: KWK Ruda (mines Bielszowice,
Halemba-Wirek and Pokdj), KWK ROW (mines Chwatowice, Jankowice, Marcel and
Ryduttowy), KWK Piast-Ziemowit (mines Piast and Ziemowit) and two individual mines
KWK Bolestaw Smiaty and KWK Sosnica.

Other coal companies are Jastrzgbska Spotka Weglowa S.A. the main coking coal
producer (mines KWK Borynia-Zofiowka-Jastrzebie, KWK Budryk, KWK Pniéwek, KWK
Knuréw-Szczygltowice), Tauron Wydobycie S.A. (mines Brzeszcze, Janina, Sobieski),
Siltech Sp. z o.0. (private mine), Eco-Plus Sp. z o.0. (private mine), PG Silesia (property of
Czech investors) and Spotka Restrukturyzacji Kopaln S.A. (preliminarily aimed for
liquidation of unprofitable coal mines). In the last 10 years, coal production is decreasing
due to the changing economy and energy sector.

The most important institution is Ministry of Industry and Trade (MOIT) and is
responsible for the state management of all energy industries, namely electricity, new and
renewable energy, coal and the oil and gas industries. The Ministry is not only determined
first-line policy it has also supervisory responsibilities for energy sector such as a state-
owned companies VINACOMIN and Electricite de Vietnam (EVN). The Ministry is also
responsible for master plans for electricity, coal, oil and natural gas exploitation and supply.



In 2005 was founded VINACOMIN from the merging of Vinacoal and Vietnam
Mineral Corp (or Vimico). VINACOMIN Holding Corporation Ltd. with 54 coal mines it is
the biggest coal mining company in Vietnam. VINACOMIN hold 5 big opencast mines, 15
open pits, some smaller coal mining sites, and 30 underground coal mines. This is an
economic Corporation with 100% owned by the State. 95% of coal production in Vietnam
is from VINACOMIN Company. Till 2030 the plan for the coal industry is to gratify coal
demand for a fast developing economy. The coal demand in 2030 should reach a level of
about 127 min tons [2, 3, 4, 6, &, 9].

4. Coal preparation status

Coal preparation in Poland and Vietnam is similar and it can be described by comparing

in schedule:

Beneficiation technology

Poland

Vietnam

1. Preparation of coal

Crushers, screens,
handpicking belts, metal
catchers

Crushers, screens,
handpicking belts, metal
catchers

2. Initial classification

Vibrating screens

Vibrating screens

3. Coal beneficiation

Jigs, heavy dense medium
separators, dense medium
cyclones, spirals, flotation

Jigs, heavy dense medium
separators, dense medium
cyclones, spirals, flotation

4. Dewatering, Thickening
& filtration

Screens, centrifugal
machines, dewatering sieve,
radial thickener Dorra

Screens, centrifugal
machines, dewatering sieve,
radial thickener Dorra

In both countries are used similar technologies to separate useful coal particles from
wastes. The biggest difference is that in Poland to separate medium grain classes are mostly
used jigs. This method is very popular. In coal preparation plants in Vietnam, there is a
tendency to separate medium grain classes by using dense medium cyclones [1, 3, 6, 9].

5. Development plan and challenges to overcome

In Poland the main target for coal mining industry is to creating conditions conducive to
profitable construction, an efficient and modern hard coal mining sector, based on
cooperation, knowledge and innovation, which is acting in a friendly way and a predictable
software and legal environment, allows for effective use of resource, social and economic
capital to ensure high energy independence of Poland and to support competitiveness
national economy. Other important points are [8]:

» Recovery and stabilization of liquidity, profitability, and efficiency economic and
financial sector of hard coal mining, including through adjustment production
capacity to market needs and export opportunities.

» Vertical integration of mining and energy and creating an effective one steam-coke
coal group model.



» Satisfying domestic demand for hard coal, including in particular for the
production of electricity, heat, and coke.

» Ensuring access to new coal deposits and ensuring an appropriate level of
investment where it will ensure the highest efficiency economic.

Development of employee competencies and knowledge.

Reducing the impact of the hard coal mining sector on the environment and
increasing the use of mining waste and accompanying minerals.

» Innovations in hard coal mining. Creation of the intelligent mine, ensuring a high
level of occupational safety.

Most important targets to reach in coal processing [1, 6, 7, 9]:

» Implementation of CMMS (Computerized Maintenance Management System) and
PIMS (product information management systems), including the area of
production quality forecasting, planning, and integration of the extraction process
with the enrichment and sale process.

Modernization of plants for enrichment technology in the full graining range.
Full automation of technology sections and complete processing processes.

Reducing the duration of processes wet to minimize the contact of grains carbon
with water.

In Vietnam, between the year 2011 and 2030 will be closed 19 mines with a total
capacity of 11 million tons/year. Which 9 opencast coal mines with total capacity 8.2
million tons/year: Nui Beo (3.5 mln tons/year), Ha Tu (1.65 mln tons/year), Southwest Da
Mai (1.0 mln tons/year), East Da Mai (0.4 mln tons/year), Bang Nau (0.55 mln tons/year),
Northwest Khe Tam (0.03 mln tons/year), Khe Sim (1.05 mln tons/year), West Khe Sim
(0.05 mln tons/year) and 10 smaller opencast mines (2.7 mln tons/year). The share of
underground coal mines will increase from 45% in 2011 to 75% in 2020 and 80% in 2030
(Government plan for coal industry) [2, 3, 4, 9].

Between 2015 and 2030 coal mining industry will invest to open 19 new mines, 5 mines
will be owned by VINACOMIN in North East basin (Quang Ninh), 9 new mines (North
East basin) and 5 pilot mines (Hung Yen, Thai Binh in Red River Delta basin). Between
years 2016-2030 will be constructed few new preparation plants Khe Than 2, Bao Dai,
Dong Trieu-Pha Lai and in 2017 was started the test phase of coal preparation plant Khe
Cham IV. The master plan is also presented for the coal mining industry in table [2, 3, 4, 5,
10].

Tab. 5 Master plan for the development of Vietnam coal industry (Mt) [13].

Coal area 2020 2025 2030
Total run-off-mine coal 92,430 | 119,250 | 120,732
I. North-East basin 72,330 | 85,050 | 83,282
1.1. VINACOMIN 64,530 | 67,150 | 59,782

In which: banned area & coal bearer | 6200 7400 7300

1.1.1. Uong Bi coal field 19,280 | 20,550 | 20,950




1.1.2. Hon Gai coal field 9,350 9,800 8,800
1.1.3. Cam Pha coal field 35,900 | 36,800 | 30,032
1.2. New coal mines 7,800 | 17,900 | 23,500

II. Other interior basins 3,050 2,650 2,700
III. Out of Vinacomin 3,550 6,550 9,750
IV. Red River Delta basin 13,500 | 25,000 | 25,000

Other plans for the coal preparation industry [10]:

>

The coal industry will be developed on the basis of efficiently exploiting,
processing; making a positive contribution to ensuring national energy security;
prioritize domestic demand; ensuring the import and export rationally in the
direction of only exporting domestic coal types that do not need to be used

Promote the investigation, exploration, and evaluation of domestic coal resources
and reserves to prepare a reliable resource base for the sustainable development of
the coal industry.

To speed up the business activities and invest abroad to meet coal demand for
socio-economic development of the country.

To ensure that the coal production and consumption meet the requirements for
sustainable development, develop coal industry effectively, synchronously and in
accordance with the general development of economic sectors; diversify methods
of investment and coal trading; to maximize internal resources in combination
with expand international cooperation to research and apply advantage technology
in exploration, coal mining, processing and use; reduce losses in coal mining and
take into account the reasonable investment for environmental protection, labor
safety, resource management, risk management

Implementing coal trading in harmony with the world coal market.

To develop the coal industry in association with the ecological environment
protection and improvement in the coal region, minimizing the impact on cultural
conservation areas; actively contributing to the socio-economic and tourist
development
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Determining for an output capacity of dimension stone exploitation
from the computer simulations to generate the fracture network in 3D:
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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,
discontinuities have been treated as boundary conditions between blocks
and, consequently, an accurate 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 quarries. The research we introduce in the output
capacity of the dimension stone quarry from the computer simulations to
generate the fracture network in 3D with an aim of evaluating the size of
the blocks. The results of numerical models have been used to optimize
some of the technical parameters for dimensional stone extraction and
ensuring stable bench in the mining operation.

1. Introduction

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. Structural geologists usually measure and analyze orientation data in rock masses.
The orientation of a discontinuity can be described by its dip and dip direction [1]. The
combined orientations of discontinuities determine the shape of the individual blocks
comprising the rock mass [2]. The properties of discontinuities relative to stability include
orientation, persistence, roughness and infilling [3]. They are often found on the weakest
structural plans where diverse displacement can develop. 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 [4, 5, 6]
which is used to simulate cracking rock. The model result has been used to optimize some
of the technical parameters for dimensional stone extraction and ensuring stable bench in
the mining operation.

* Corresponding author: nguyenanhtuan@humg.edu.vn
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2. Statistical study of the fractures
2.1. Input parameters

Parameters such as discontinuities, the fracture orientation, slope orientation, model
dimensions of slope cuts, etc. were considered as inputs to predict number of set, the poles
of sets, histogram and statistical of sets, statistical outputs with an aim of evaluating the size
of the blocks, then the output capacity of the dimension stone quarry, synthetic indicator of
global stability of slope cuts. The complexity of reality does not allow a complete
description of the actual field [3,7]. The rock mechanics of rock mass depend mainly on the
characteristics of the fracture field. It is therefore necessary to use stochastic models.

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 [1, 3]. 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
nonrandom set is then unchanged by translation and can be estimated from the sole
realization of the fracture network. In practice, it is not possible to consider any nonrandom
set of all the fractures. 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.

2.2. Output parameters
2.2.1. Orientation distribution

The statistical modeling of directional data has been studied for a long time such as
Mardia (1972) [1, 8]. The most commonly used models for spherical orientations
concerning a fracture set are the truncated Fisher, the Bingham, and the uniform
distributions. The expression 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.

2.2.2. Spacing distribution

The intersection of any of the basic models with a line provides a 1D Poisson process
[1]. Successive spacing are independent and follow an exponential distribution.

2.2.3. Trace length and fracture size

If fractures cannot be considered as infinite at the scale of the study, the distribution of
their size largely determines the frequency of intersection and hence the mechanical
behavior of the rock mass. In practice, it is not possible to 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 experimental histogram of trace length is affected by
several biases that have to be corrected.



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 random parameters were used, such as the Poisson process. The model presents
the advantage of displaying many properties. Stochastic models are considered here,
because they are better adapted to usual applications. Their transposition to deterministic
models is easy. 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
Matérn (1960), Matheron (1967, 1975), Miles (1972) [1], and many others. A
comprehensive description from a rock mechanics point of view can be found in
Dershowitz (1984), Heliot (1988), Chilés (1989) [1, 4]. All the models described common
assumptions: all fractures are planar; all fracture locations are equally probable; all fracture
orientations are independent of fracture locations.

3. Methodological
3.1. Design and planning methodology for dimension stone quarry

Methodological approach was pursued, developing and using the following set and
sequence of components for modelling of the rock structure mass and discontinuity:
interactive geological data base with Mathematica and Dips; visualization tool and interface
elements expert with Mathematica, RESOBLOK (and LMGC90/3DEC) (see Fig.1). For the
design and planning methodology of dimension stone quarry, 7 following tasks need to be
performed:

Fracture Measurements
(task 1 and 3)

Fracture Analysis (PSMY, STAF, DIPS)
(task 1 and 3)

Representation of the fractured rockmass
(RESOBLOK)

l (task 3) ‘
Input data for Input data for
« Key-Blocks » « Stress-Strain »
models (LMGC 90

models (BSA in
RESOBLOK) . or3DEC)
(task 5) Input data for (task 3)
«Expert system »
(task 4)

Fig.1. Methodological organization for modelling of the rock mass and discontinuity [7, 8, 9,]:
PSMY, STAF and DIPS are the module to analyses the data of joint set; RESOBLOK, BSA in
RESOBLOK, LMGC90 and 3DEC are used to simulate cracking rock mass.

Task 1: Site selection, the main objective is to identify the most suitable work sites and
experimental layouts considering the geologic conditions.

Task 2: Excavation of the experimental site and installation of the instrumentation
system for the collection of the data required in the excavation of experimental quarries.

Task 3: Geomechanical data collection; development of the appropriate 3D rock block
models and of the respective geomechanical numerical models.



Task 4: Development and use decision support techniques for predicting cost and
quality effective quarry layouts.

Task 5: Numerical analyses of options to predict optimum area openings: 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 designing and planning methodology of dimension stone quarry:

Task 6: Field investigation of the exploited block size, quality and value.

Task 7: Design and planning methodology for dimension stone quarry exploitations.

3.2. Analysis of fracture measurements

Fracture measurements had been realised in real sites (Thung Khuoc). The
measurements have been done using the scanline method. An analysis has been realised
from those measurements with DIPS and PSMY method in order to determine the main sets
of orientation and to fit the fracture parameters to statistical laws. The fractures
measurements carried out by the operators have been analysed using PSMY method [2, 8].
This data base (orientation, spacing of fractures) was permits to determine which statistical
laws adjusted the various fracture sets. The results of this analysis were compared with
those established previously from the fracture measurements conducted at large scale in
each quarry.

3.3. Realisation of fracture network simulations

The majority of the measured fractures were introduced in the model using the
deterministic generator of RESOBLOK. Other fractures were introduced using the
statistical generator (the fractures were simulated using the laws established previously)
into the zones where no measurement was carried out. As for the other sites, two successive
phases are conducted to build the RESOBLOK model: the fracture that have been measured
and input the RESOBLOK; then, inside the zones in which the direct observation is not
possible (or where no measurements have been done), different sets of discontinuities have
been generated using the statistical laws determined previously (PSMY) [2,8].

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
(Vmin>0,4) 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 Vi, > 0,4 m? usually
contain more faults, cracks which requires further processing to complete products from
raw dimensional stone. Blocks with the size V> 1m?® will research to recover.

3.5. Mining optimization to recover maximum 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 Vin.

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) [12] and Mohr-Coulomb criterion with safety
factor F=1, both of which is set up in RESOBLOK.

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. 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
4.1. Some dimensional stone quarries in Vietnam

Vietnam has a high potential in marble, magmatic rocks for producing facing stone and
use as facing stone. The marble recovery value is controlled by the sale markets and using
industries of construction. We present some dimensional stone quarries in Vietham such as
marble resources in Luc Yen area, Yen Bai province (Luc Yen quarry); marble resources in
Quy Hop area, Nghe An province (Thung Khuoc quarry); Granite resources in Thua Thien
Hue province (Van Xuan quarry, Fig.2); granite resources in Phu Cat area, Binh Dinh
procince (Phu Cat quarry, Fig.3); granite resources in Hoa Quan Bac area, Phu Yen
province (Hoa Quang Bac quarry, Fig.4); gabbro diorite of Nui Mot area, Ninh Thuan
province (Nui Mot quarry); etc. [13, 14].

Fas >y

Fig. 2. Granite Van Xuan quarry, Thua Thien Hue province [14].

Gabbro diorite resources in Nui Mot area has various colours, such as black-grey and
black-green gabbro diorite of Nui Mot area; white marble is in Luc Yen area, Quy Hop
area; light- to dark-green of Hoa Quang Bac area; black granite of Van Xuan area. The
rocks also have the beauty, high mechanical durability and high degree of block recovery.
The economic value of the quarries combined the master plan for investigation,
exploitation, quarry, processing and rational use of dimensional stone. The economic
efficiency of the quarrying enterprise depends on the recovery ratio of dimension stone.
They satisfy standards of production of facing stone and have reputation in both domestic
and foreign markets.



Fig. 4. Granite Hoa Quang Bac quarry, Phu Yen province [14].

4.2. Application for marble Thung Khuoc quarry
4.2.1. Analysis of fracture measurements

In this research, the Thung Khuoc quarry, Nghean province, Vietnam [13] exploits the
stone which follows the standard of normal construction materials. The marble stone is able
to be used for making various tiles. The dimensional stone products chosen and applied in
the calculation and model of the discontinuous rock environment.

Fig. 6. Experiment pit M.01 (a) and 3 main joint sets of the Thung Khuoc 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 6 and
Table 1.

Table 1. Basic parameters of the key sets in the Thung Khuoc quarry

Parameters Sets
Setl Set 2 Set3
Dip-direction angle (o, degree) 210+220 4050 170
Dip angle (B4, degree) 30+40 70+75 60+65
Distributing degree of set (K) 220 995 1876
B e e e * ™ | 01029 | 03129 | 01129

4.2.2. 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 (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 117,6 m°.

The result of the pit M.01 has collected 9 blocks with the sizes Vi, > 0,4 m?, all of
which have 5,48 m? accounting for 4,7% of the volume of the pit.

4.2.3. Establishing of joint sets and mining orientation

Beginning from the exploratory data in the pit M.01 and the initial results on raw stone
volume which are recovered (size, volume and recovery rate) in a typical area of the Thung
Khuoc quarry. The model of fracture rock mass in the pit M.0lhas been chosen to analysis
for optimization purpose of the parameters and the mining direction of the mine such as
stabilize bench. The open pit slope ensures mining optimization as well as recovering the
maximum size of commercial blocks.

Table 2. Effect of an average number of blocks in the model of the experiment pit to relationship
between the direction of main joint sets and the pit.

L . the direction of the trial | an average number of blocks,
The direction of main sets, degree mine, degree blocks
set 1 set 2 set 3
35 368
210+220 40+50 170 225 382
350 404




Figure 7 introduces the models of joint sets in RESOBLOK with 3 different mining
directions of the trial mine. The results of examinations in each direction considering
several various random models are shown in table 3.

b)

Fig.7. Model of fracture rock mass in the experiment pit M.01: the direction of the model parallels to
set 1(a); set 2 (b); set 3 (c).

4.2.4. Determination of mining direction

With a main joint set, the angle of mining bench direction is parallel or perpendicular to
the main set, which will allow recovering the maximum volume of commercial blocks
(Vmin). 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.

Bench Direction

4

b)

Fig. 8. Plan of mining technology for dimensional stone by wire saw machine and the moving
direction of mining benches.

Figure 9 showing the investigating result of 3 typical mining directions is consequently
perpendicular to sets 1, 2 and 3. The achievable results are represented on the distributing
histogram with a specific order of blocks being equivalent to model volume (in the left
column) and the percentage of the volume of the blocks is equivalent to the mining
direction of the experiment pit model (in the right column).
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Fig. 9. Histograms distribute a number of blocks with their volumes in the model (in the left columns)
and the percentage 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.

The direction of the mining benches length where blocks mined relates to the order of
new bench opening, the first mining bench position of the mine and the direction of the
main joint sets. The data distribution in figure 9 is the distribution of average values
collected from a large number of the random statistical model.

- Mining direction of 35° the size is with Vi, = 0,4 m® accounting for 60% and with
Vmin = 1m? accounting for 36%

- Mining direction of 225° the size is with Vi, > 0,4 m® accounting for 60% and with
Vmin = 1m? accounting for 25%

- Mining direction of 350°, the size is with Vi, > 0,4 m® accounting for 60% and with
Vmin > 1m? accounting for 28%.

With the result above, the optimum direction involving in the bench direction of 35°
parallels or is penpercular to primary set direction 1 (set 1), will be able to be recover the
most block rate of Vy, > 1m® accounting for 36%. Difference in the recoverable rate
among the blocks with joint measuring methods on the surface (from 18.75% to 21% and
an average of 20%), drillcore (from 25% to 28,7% and an average of 21,71%) and mine
opening (14,28%) and the numerical model of the discontinuous environment (40%) with a



group of the data from the 3 investigating methods on the surface shows that there are, in
fact, a lot of invisible cracks which have not discovered when measuring on the surface.
The reason for the difference above is caused by collecting the joint data insufficiently,
incomprehensively 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.

In this condition, the data collected from the trial mine M01 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.

4.2.5. 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 = 5m, the mining room’ length L = 10m, where we
examine safety condition with the angle of a bench slope o = 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 10.
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Fig.10. Distributing model of unstable blocks on the bench is in a bench direction compared with the
North, 350 (a) there are 6 unstable blocks with the volume of 1m3; 2250 (b) there are 118 unstable
blocks with the volume of 22m3; and 3500 (c) there are an unstable block with the volume
of 0,52 m.

The analysed results above allow us to select the best mining direction involving
recovering and ensuring safe and stability on the bench [9, 11]. 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.

4.2.6. Discussion

Beginning with the ability of the dimensional stone’s mining and processing
technologies with the minimum block V i\, We create an order of developing bench in order
to recover the rate having size more than V, accounts for the highest. In case, the Thung



Khuoc quarry in the direction of 35° compared with the North develops toward 2 sides,
which leads to Vmin> 0.4 m® accounting for 60% of recovery rate and Vpin = 1 m®
accounting for 36% of recovery rate. Moreover, the developing direction of this bench
allows the mine to operate relatively safely with 1m® unstable blocks on the 10-length
bench.

In the section above, we have already determined the key bench direction of the mine
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 5m 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 o 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 the
discontinuous environment from the parameters and features of joints. This technology
allows predicting the investing expenditure with the most effect and safety in the quarries.
Therefore, this could recover the most blocks with the sizes which suit to the market
demands.
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Abstract. Vietnam has the 13th largest hard coal reserves globally, with
the reserves totaling 2.22 billion tonnes, and estimated resources of 4.07
billion tonnes. Coal use is playing an increasing role in the energy mix and
according to current planning, this role is to increase further. In parallel
with the development of the Vietnamese coal sector, underground mining
also underwent many stages of improvements, especially in the last two
decades. This paper analyzes the achievement and the state of the mining
technology applied into the underground mining by the Vietnam National
Coal - Mineral Industries Holding Corporation Ltd. (VINACOMIN) during
20 year period and proposes the recommendations for the sustainable
development of Vietnam underground mining.

1. Introduction

Vietnam has large anthracite resources, with the largest coalfield being located in the
Quangninh province. Quangninh coalfield is located in the northeastern part of the country,
with 120 km length and 10-30 km width. The most recent update of the master plan for coal
development (Master Plan of Coal Industry Development in Viet Nam by 2020, with
perspective to 2030) estimates that Vietham has almost 2.22 billion tonnes of hard coal
reserves and almost 4.07 billion tons of resources, in which the measured and indicated
resources (categories A+B+C1) occupy 35.3%, the inferred resource (C2) is 8%, and the
prognostic resource (P) is 56,7% [1].

Coal extraction is run by the Viet Nam National Coal-Mineral Industries Holding
Corporation Ltd. (VINACOMIN), a state-owned enterprise, which plays an important role
in national strategies to ensure effective exploitation of mineral resources. VINACOMIN
operates 3 main coal regions, i.e: Uongbi, Hongai, and Campha in which mining is carried
out in 13 underground coal mines with production than 1.0 million tons per year. For
instance, Uongbi region has Mao Khe (1.88 million tons/year), Nam Mau (2.21 million
tons/year), Vang Danh (3.15 million tons/year) and Uong Bi (2.6 million tons/year). Hongai
region has Nui Beo (2 million tons/year), Ha Lam (3.15 million tons/year) and Hon Gai
(2.5 million tons/year). Campha region has Quang Hanh (1.7 million tons/year), Duong
Huy (2.15 million tons/year), Thong Nhat (2.1 million tons/year), Khe Cham (1.8 million
tons/year), Mong Duong (1.55 million tons/year) and Ha Long (2.15 million tons/year).
Average exploitation depth of underground coal mines is 300m below sea level (the
equivalent to the depth of 320-700m below the ground surface). Main underground coal
mines in Quangninh coal basin is illustrated in Figure 1.

* Corresponding author: duongduchai88@gmail.com
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Fig. 1. Main underground coal mines in Quangninh coal basin

In the last twenty years, coal output from the Vietnam underground coal mines
increased rapidly from 4.3 million tonnes in 2000 to 22.1 million tonnes in 2018 (grew
about 5 times). According to the Master Plan of Coal Industry Development in Viet Nam
by 2020, with perspective to 2030, which was adjusted in 2016 [1], and mining plan of
VINACOMIN total coal output will reach the level of 41 million tons in 2019, 47.8 million
tons in 2020 and 49.3 million tons in 2025. In which, underground mining coal output will
increase gradually year by year and will achieve the largest share (to 73%) in the total
output of the overall coal industry in 2025. Details of coal production over the period
between 2000 and 2018 with forecasts to 2025 are presented in Figure 2.
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2000 | 2005 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2025
BOpen pit 789 | 2220 | 265 | 262 | 232 | 206 | 168 | 161 | 145 | 1296 | 1485 | 1550 | 1848 | 13.27
BUnderground | 431 | 1250 | 199 | 214 | 205 | 215 | 20 | 211 | 203 | 2204 | 221 | 255 | 2032 | 36.03
@Total 1220 | 34.70 | 4639 | 47.58 | 43.70 | 42.10 | 36.80 | 37.20 | 34.80 | 35.00 | 36.95 | 41.00 | 47.80 | 49.30

Fig. 2. Vietnamese coal production between 2000 and 2018 with forecasts to 2025 [2]



2. Analysis of geological conditions of coal in Quangninh area for underground
mining

The application of mining technologies depends greatly on regional geological
conditions. Based on data from coal companies [2], information obtained from previous
studies [4,5] as well as the Master Plan of Coal Industry Development [1], coal reserves of
13 underground coal mines in Quangninh has been analyzed and evaluated. The results
have identified the correlation between geo-mining conditions to the selection of mining
technology in Vietnam.

Results from the abovementioned analysis showed that total coal reserves investigated
to a depth -600m below the sea level is 1,609,767 thousand tonnes, in which, coal reserves
are mainly distributed in the thickness between 3.5 and 10.0 meters with 44.1% and 22.5%
of coal reserves have a thickness between 2.2 and 3.5 meters. In addition, 60% of coal
reserves have the incline seam dip (from 150 to 350). In addition, a large part of these
reserves are located in areas of difficult geological conditions, for example, structural
disturbance, dipping seams, complicated surrounding strata, and coal seams are separated
by faults that may restrain mining productions. The variation of seam dip and seam
thickness is high, causing difficulty in the application of the mechanized mining
technologies. So that over the years, underground mining in Vietnam faced many
challenges in the extraction of coal seams. The summary of coal reserves at some deposits
in Quangninh coalfield is presented in Table 1.

Table 1. Coal reserves by region in 1000 tons

. Evaluated level (compared to Coal reserves,
No. Name of coal mine 3

sea level) 10° tons
1 | Vang Danh to -350m 230,337
2 | Mao Khe to -400m 142,140
3 | Uong Bi to -300m 136,207
4 |Nam Mau to -250m 166,149
5 |Nui Beo to -450m 55,931
6 |HaLam to -450m 143,541
7 | Hon Gai to -600m 202,967
8 | Quang Hanh to -300m 48,785
9 | Thong Nhat to -350m 51,984
10 | Mong Duong to -550m 68,854
11 |{Khe Cham to -350m 80,083
12 | Duong Huy to -250m 79,914
13 |Ha Long to -400m 202,875

Total 1,609,767

3. Status of underground mining technology in Quangninh coalfield

Underground coal mining has been operating in Vietnam for many years [6]. Coal
reserves in the Quangninh area were extracted by French colonialist companies from 1884
to 1955 with total production more than 50 million tons. When the Vietnamese government
took control of the country, the state-owned coal companies started renovating the old



mining collieries acquired from the French and also constructed new mines with the aim of
increasing the production of coal in Quangninh to 10 million tonnes in 1980. However, due
to both the complications of geo-mining conditions and poor mining equipment, coal
production remained at 4 to 6 million tonnes per year for many years. The establishment of
VINACOMIN in 1994 can be considered a new period in the history of the development of
Vietnam's coal industry-the period of innovation in management, production and business
activities. This has resulted in a visible increase in coal production in the last twenty years.

In Quangninh coalfield, underground mines have applied various types of mining
technologies suited to the geological characteristics. For example: (1) the longwall mining
method, exploiting the full seam thickness, applied for the medium thickness seam, dipping
up to 350; (2) longwall top coal caving (LTCC) applied for thick coal seam, dipping up to
350; (3) the mining method, retreats along the seam dip, applied to steep seam, medium
thickness; (4) the diagonal longwall system using hydraulic support model ZRY for average
thick seams up to 4.5m, dip above 450; (5) the sub-level mining method applied for slope
seams; (6) the shortwall mining technology using hydraulic support or shield support
applied for the steep thick seams. In which, coal seams in the Quangninh area were almost
extracted by a single pass longwall method.

It is understood that a proper selection of the equipment synchronization in longwall is
one of the key element for a successful operation of the mining technology. Underground
mining companies have been struggling to find the most suitable equipment for the
extraction of coal seams by longwall methods. Initially, most of the longwall faces were
supported by wooden props (Figure 3a), while coal was extracted from the face by the
drilling and blasting method. Due to the improvement in coal production, productivity, and
the standards of mine safety, VINACOMIN applied hydraulic single props (Figure 3b)
since 1997 and semi-mechanized shields model XDY-1T2/LY (Figure 3c and Figure 4a)
since 1999. The success of these works has created a "technical revolution™ to hydraulically
replace the wooden props and improved the overall technical economical parameters. Coal
production in the longwall faces supported by hydraulic support has increased rapidly from
100,000 to 150,000 tonnes per year as compared with the production of 50,000-70,000
tonnes per year when the face was supported by wooden props [3]. Coal mining
productivity using the hydraulic single props increased to 2.5-5.37 tonnes per man-shift, an
average of 3.0-3.5 tonnes per man-shift.

Since 2006, VINACOMIN has continued to apply new hydraulic supports in the
underground coal mines, for instance, self-moving hydraulic frame model ZH1600/16/24Z
(Figure 4b), model GK/1600/16/24/HTD (Figure 4c) and model ZH1800/16/24ZL.
Production increased range from 140,000 to 250,000 tonnes per year, labor productivity
from 5.0-7.0 tonnes per man-shift [3]. In addition, working conditions and safety on
workplaces has been significantly improved. Mining began more environmentally friendly
due to the elimination of wooden support. However, mining operations also required the
amount of manual work, and this type of supports are only suitable for extraction by the
drilling and blasting. As a result, production is still limited. Therefore, the increase of coal
mining production according to the VINACOMIN’s plan, which means an increase in the
number of longwalls as well as the number of workers. This is hardly feasible in the current
mining situation in Vietnam. This is the opening step for the renovation of underground
mining technology, which is a premise for the introduction of mechanized equipment into
underground mines in Quangninh coalfield.
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Fig. 3. The longwall face supported by wooden props and hydraulic props
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Fig. 4. The longwall face supported by semi-mechanized shields

In 2002, Khe Cham Coal Mine firstly applied the longwall mining method, face
supported by self-moving hydraulic beam XDY-JF/LR/T2/120JZ, exploiting the full seam
thickness by shearer model MG-200 W1 at the seam No.14.4, level of -10/+32. During the
trial period (from April 2002 to September 2005) the longwall exploited 512,918 tons of
coal. The highest monthly exploitation output reached 22,300 tons, and the average labor
productivity was 5.16 tonnes per man-shift. Based on the results achieved by the first semi-
mechanized longwall, in 2005, Khe Cham Coal Mine has continued applying the first
mechanized mining technology (Figure 5) in the similar condition, using shield support ZZ-
3200/16/26 combined with the shearer MG150/375-W. The mechanized longwall has a
hight output of 233-388 thousand tons/year, averaging 289 thousand tons/year; labor
productivity from 9.9-11.4 tons/per man shift, an average of 10.3 tons per man shift [3].
The success of the longwall was also a premise for technological innovations in the next
exploitation for medium thick seams in Duong Huy and Quang Hanh coal mine since 2015.
Compared with the longwall supported by hydraulic support in the same conditions, the
average output of the mechanized longwall is 2.3-3.9 times higher, and the average
productivity is 2.5-3.0 times higher.
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Fig. 5. The mechanized longwall in Khe Cham coal mine [5]

b

Some mines have investigated the mechanized mining equipment for the extraction of
thick and gentle slope seams. For example, in November 2007, Vang Danh coal mine
applied the LTCC (Figure 6a), supported by mechanized equipment i.e. shield
VINAALTA-2.0/3.15, shearer, Armoured Face Conveyor (AFC) and chain conveyor. As a
result, the highest production reported approximately 450,000 tonnes/year. This mining
mechanization technology was expanded to Nam Mau coal mine where was applied in 2010
[3]. In the period from 2015 to now, VINACOMIN has applied new LTCC method using
double AFC (front conveyor and rear conveyor (Figure 6b), in which, the relocation of the
top coal draw process to the rear conveyor) in 3 underground mines. There are longwalls in
Ha Lam coal mine (one LTCC capacity of 600,000 tons/year since March 2015, one LTCC
having capacity of 1,200,000 tons/year since November 2016), Khe Cham coal mine since
April 2016 (capacity of 600,000 tons/year) and in Vang Danh coal mine since November
2018 (with capacity 450,000 tons/year). Labor productivity is relatively high with an
average of 33.5-34.0 tons per man-shift, and 4-5 times higher than longwall using semi-
mechanized support.

<10.00

a. LTCC using 1 AFC b. LTCC using 2 AFC

Fig. 6. The mechanized longwall method applied for the thick and gentle slope seams [5]

In the steep thick seams, in the period of 2007-2013, Vang Danh and Ha Long coal
mines have put into the trial application of shortwall technology, face supported by power
shield model KDT-1, KDT-2, and top coal caving by blasting drilling in the long hole. But
both of the above works have not reached the set objectives. The main reasons for this are
seen in the complex geology conditions (water flowing into the shortwall, fluctuation of
seams, large mine pressure).

The mechanization technology retreats along with the seam dip, extracting the high
steep thin coal seams by coal plough has been applied since 2008 in Mao Khe and Hong
Thai coal mine, supporting by shield support 2ANSHA. Labour capacity and productivity
of coal mining mechanized longwall by self-acting shield support 2ANSHA (average



mining capacity is 64.500 tons/year, labour productivity reached 5.6 tonnes per man-shift)
was two times higher, the expense for preparation roadway was seven times lower and
technology loss (16%) decreased two times than sublevel mining technology, supported by
a movable hydraulic beam in the same geological conditions [3]. In addition, since August
2015, Hong Thai coal company (now belong of Uong Bi coal mine) has applied the new
diagonal longwall system using hydraulic support model ZRY at seam No0.9B, level of
+30/+95. By the end of 2015, technology has achieved relatively great results: average coal
output of 400 tons/day, labor productivity reached 5.5-6.0 tonnes per man-shift (2-3 times
higher compared with sublevel mining method); and coal loss only between 12.6-16.3% [3]
[3]. This technology has improved the level of safety and working conditions. More
importantly, the application of the diagonal longwall system with the use of support ZRY
has reduced the rate of roadway development per tonne of coal production, with only 16,7
metres per 1000 tonnes as compared with average 30-40 metres per 1000 tonnes in the sub-
level mining method. Thereby, the experimental project in Hong Thai opened a new way to
innovate the mining technology for steep seams. Up to now, VINACOMIN has 6
underground mines applying the mining technology with 7 longwalls.

The results of analyzing the status of underground mining show that, before 1998,
underground coal production was only 4,186 thousand tons and coal output mainly from
longwalls using wooden props. With the strong innovation of mining technology after
1998, rate of coal production from longwalls using wooden props decreased to 60.1% in
2001, only 9.0% in 2005 and less than 1% in 2018, while coal output from longwalls using
hydraulic support increased from 22% in 2001 to 63-64% in the period 2005-2018. In
addition, the rate of coal exploited by mechanized technologies has increased rapidly, for
example, in 2018 reached 15% of total underground coal output, equal to 5 times compared
to 2010 (3%) and equal to 7.5 times compared to 2005 (2%). Underground coal production
of VINACOMIN according to mining technology as illustrated in Figure 8.
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Fig. 8. Underground coal production of VINACOMIN according to mining technologies [2]



4. Prospect of Underground Mining Technology in Vietnam

According to the Master Plan No. 403 [1] and to the 5-year plan of 2019-2023 [3] the
total coal output of VINACOMIN will increase for high demand of the national industry,
while labor recruitment (especially labor for underground mines) is increasingly difficult.
VINACOMIN is actively implementing a number of tasks: (1) Promote application of
mechanization, automation, computerization and new advanced technologies into
production; (2) Increasing output to reach mine capacity of invested projects; (3) Increase
labor productivity, reduce production costs, ensure business efficiency and sustainable
development; (4) Improve workplace safety, working conditions, increase income for
workers; (5) Reach the objectives for 2020-2023, i.e. reach over 25% of total coal mining
capacity by coal production from longwall applying fully mechanized mining technology.

From the actual experience, some main reasons affecting the efficiency of mining
technologies application work at underground mines in Quangninh coalfield can be defined
as follows:

1. Continue to expand the application of different types of technologies that have
successfully implemented in the underground coal mines in Quangninh coalfield
for areas with suitable conditions such as:

—Synchronous mechanization technology to exploit seams with thickness, seam
dip up a to 35° (most effective when a < 25° similar types of 2 AFC in Ha
Lam and Vang Danh) at Nui Beo and Khe Cham II-IV mines (reserves has
been planned according to mine construction projects);

—Mechanized mining technology for medium thick seams, slope up to 359

—Applying the diagonal longwall system using hydraulic support model ZRY for
companies with average thick seams up to 4.5m, dip above 45° such as Vang
Danh, Quang Hanh, Uong Bi, Ha Long and Hon Gai

2. Develop and apply mechanized mining technologies using lightweight self-support
with suitable conditions in Mong Duong, Nam Mau, Ha Lam, Khe Cham II-IV and
Uong Bi coal mines;

3. Studying and applying experimental technical and technological solutions to
mining in medium thick seam conditions, slope angle to 45°, seams with "3 soft
conditions" (soft coal, roof and floor) at Mao Khe, Uong Bi coal mines.

4. Researching and applying experimental mining technology in thick, steep and
suitable reservoir conditions at Vang Danh, Ha Lam, and Nam Mau coal mines.

5. Study and apply the diagonal longwall system using hydraulic support model ZRY
replicate mining technology sublevel caving in conditions of steep seams.

6. Viewpoints if high-capacity mechanized complexes cannot be applied such as Ha
Lam, Vang Danh, and Khe Cham coal companies. Coal mines must actively
coordinate with the consulting company to invite foreign experts to carefully
survey geological conditions, suitable application conditions to order and design
mechanized complexes suitable to application conditions with capacity from
250,000-350,000 tons per year.

5. Summary

A critical review of the current level of underground coal mining in the Quangninh
coalfield showed that over the last 20 years, technology and management have been
improved. These improvements resulted in a visible increase in coal production from 9.4
million tonnes in 1994 to nearly 40 million in 2018, in which, coal output from the
underground coal mines increased rapidly from 4.3 million tonnes in 2000 to 22.1 million
tonnes in 2018 (grew about 5 times). However, this improvement was still limited in



capacity and safety management. The increase in total coal production was mainly based on
the increase in the number of longwall faces. In addition, the maximum output of the
longwall face is low compared to the longwall faces in developed countries. The main
reason for the limits in coal production and safety management is the inappropriate mining
equipment used. Mining operations require a number of processes to be undertaken by
manual work, resulting in low production and productivity.

In the coming years, the Vietnamese economy’s demand for coal product will increase
rapidly and this requires an improvement in the mining industry. Unfortunately, open-pit
mining will be gradually scaled down and will end in 2030. As a result, there is a need to
improve the underground mining sector. In order to ultimately prevent potential problems
and realize the potential revenue in the underground coal mines, it is necessary to improve
the understanding of the operational issues associated with the application of mechanized
mining equipment suitable with conditions of the Quangninh coalfield.
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Climatic hazard assessment in selected underground hard coal mines in
Vietnam
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Abstract. The article discusses the possibility of improving the
microclimate in underground hard coal mines in Vietnam. Vietnamese
underground mines are shallow mines which extract coal deposits
accumulated up to 500 m below ground. According to the current
Vietnamese laws, coal deposits can be mined if air temperature does not
exceed 30°C, although this rule is not always observed, especially during
summer. This article analyses the impact of air parameters on the climatic
conditions in headings and the use of the air temperature reduction method
in selected underground mines in Vietnam.

1. Introduction

Working conditions in underground mines have their specific characteristics differing
from opencast mines. Underground mines are primarily characterised by working sites
scattered across a large area and human-unfriendly working environment. In addition to
technical hazards arising from technological processes, there are also natural threats related
to the rock mass surrounding the headings (water, gas, gas and rock ejections, gas and dust
explosions, rock bursts, and climatic hazards).

In underground headings there are natural and technological sources of heat reaching the
flowing air. This results in high temperatures in the headings, which, in combination with
high humidity, leads to a considerable deterioration of climatic conditions. These cause a
decline in bodily functions, having a negative impact on perception, concentration, and
attention, and causing fatigue. This unfavourable impact of temperature and humidity on the
human body is referred to as ‘climatic hazard’.

In underground mining, climate is determined by the physical parameters of the air and
the environment, such as the chemical composition of air, temperature, humidity, air velocity
and the average radiation temperature of the heading’s walls. This article analyses and
assesses the impact of temperature, humidity and air velocity on the climatic conditions in
the headings of selected Vietnamese mines.

* Corresponding author: truongtienquan@gmail.com



2. Microclimate parameters in underground hard coal mines in Vietnam

In Vietnam hard coal is found mainly in the northern part of the country, in the regions
Quang Ninh, Thai Nguyen, Bac Kan, North Path, Nong Son, Ba River, Da River, Ca River
and Nghe Tinh, marked in Fig. 1.
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Fig. 1. Vietnamese coal mining districts [1]

Fig. 2. Underground hard coal mines in the Quang Ninh Coal Mining District [1]

The largest hard coal mining district is located in the Quang Ninh province, in the north-
eastern part of Vietnam (Fig. 2). Most coal mines in Vietnam belong to the Vietnam National
Coal — Mineral Industries Holding Corporation Limited (VINACOMIN).

By the end of 2018 most VINACOMIN’s underground mines had completed the mining
of deposits over the sea level and began mining deposits found below sea level. The annual
average production in these mines is around 1,500,000 Mg. Vietnamese underground mines
are shallow mines which extract coal deposits up to 300 m below ground, e.g. Nui Beo, Ha
Lam, Mao Khe and Khe Cham III. Deeper mines include Khe Cham II-IV, reaching 500 m
below ground.

Now and in the next few years, VINACOMIN will accelerate the mechanisation of coal
deposits mining by introducing roadheaders, self-propelled drilling rigs and rockbolt supports
with sprayed concrete. Mechanisation will also be applied to longwall headings, where
mechanised supports will be used, with wooden supports replaced with hydraulic props. In
the Khe Cham, Khe Tam, Ha Lam, Mao Khe, Vang Danh and Nam Mau in which conditions
of coal deposit accumulation are favourable, longwall shearers will be used and the system
of transporting the excavated material with belt conveyors will be upgraded.

2.1 Air velocity in headings

Vietnamese underground mines use a ventilation system based on main ventilation fans,
the so-called central suction system. In addition, in extraction areas supplementary fans are
used.



Software used for modelling air flow through mining headings, which are highly
scattered, with an irregular network of headings due to their complex geological structure
includes such programs as Kazamaru, Ventgraph and Ventsim.

In Vietnam, mining operations are governed by Regulation No. 03/2011/TT-BCT of the
Ministry of Industry and Trade, according to which the air velocity in the wall and heading
faces cannot be less than 0.25 m/s. In mines with methane hazard categories III and IV air
current speed cannot be below 0.5 m/s (in faces with an 15° incline or coal deposits thicker
than 2 m as well as face headings with a length up to 100 m). Air velocity cannot exceed: 4
/s in coal excavations, 8 m/s for tunnel headings, 10 m/s — for air crossings, 12 m/s in shafts
and fore-shafts while transporting people and 15 m/s in air ducts. Table 1 presents the
volumetric air stream and its velocity in selected underground mines in Vietnam.

Table 1. Examples of air velocity and volumetric air delivery in selected mines in Vietnam

Volumetric air Cross-sectional Air velocity
No. Heading name 3 area of the
stream [m’/s] headi ) [m/s]
eading [m?]
A Ha Lam mine
Wall -150 / -160, zone III,
1 coalbed 11 6.9 52 1.33
2 Wall 10-2, zone 111, coalbed 10 6.0 5.1 1.18
3 | Wall CGH 7-2.1 27.0 8.5 3.18
B Vang Danh mine
Bottom gate of wall CII-8-3,
! coalbed%ﬁ, Canh Ga zone 4.6 45 1.02
Air-heading of wall CII-8A-2,
2 coalbed SA% Canh Ga zone >4 4.8 113
Air-heading level +106,
3 | coalbed 6, Gieng Vang Danh 13.2 5.5 2.40
zone
C Thong Nhat mine
1 | Bottom gate of wall KT7 6.7 4.8 1.40
2 | Air-heading of wall KT8 11.0 8.5 1.29
3 | Bottom gate of wall KT9 2.3 5.7 0.40

Ventilation in underground mines in Vietnam must meet the requirements of the above
mentioned regulation regarding air flow and velocity in headings.

2.2 Air temperature and humidity

Air temperature in mine headings depends on the temperature of fresh air supplied from
the surface, rock mass temperature, ventilation intensity, mining depth, chemical reactions
taking place in the rock mass and other factors caused by people or machines working, and
blasting works. In line with Vietnamese regulations (03/2011/TT-BCT), air temperature at
the working site cannot exceed 30°C. In underground mines in Vietnam in most cases air
temperature is maintained at the level meeting the above standards. However, during
summer, when the external air temperature exceeds 35°C, hot air is supplied to the working
site through the ventilation system, resulting in air temperature higher than 30°C. In addition,
increases in air temperature in headings are caused by technological sources of heat and the
operation of mining machines. Another factor contributing to the decline of climatic



conditions is air humidity, which often exceeds 85%. Table 2 presents air temperature and
relative humidity values in selected Vietnamese mines.

Table 2. Air temperature and humidity in selected headings of underground mines in Vietnam

No. Heading name Air parameters
Temperature [°C] | Relative humidity [%]
A Mao Khe mine
1 | Air-heading, level -80, coalbed 8 29.0 83
5 Carrying gangway, level -80 of wall I, 306 87
coalbed 8, east
B Vang Danh mine
1 Carrying cross-heading, level -50 F11-F12, 8.9 38
zone II - Gieng Canh Ga )
2 Carrying gangway, level +60 of wall CIII- 8.0 88
8A-2 - Gieng Vang Danh )
C | Nam Mau mine
1 | Air-heading of wall I-9-5 | 29.5 94
D Ha Lam mine
1 | Carrying inclined drift of wall CGH 7-2-2 31.0 93
E | Thong Nhat mine
1 | Cross-heading, level +18 29.9 94
2 | Carrying gangway, level +8, PV4C 29.2 93
F Ha Long mine
1 | Roadway -50 - V11B -CB Cam Thanh 28.6 88
2 | Wall -20/+40 V11B -Cam Thanh 28.8 88
G Khe Cham mine
| 1C‘ailrsrying gangway of wall 14.5.2.A, coalbed 285 75
Air-heading, level -152 of wall 14.5.3.1,
2 coalbed 14.5 29.0 82

As demonstrated in Table 2, air temperature above 30°C is found in several headings of
the Ha Lam and Mao Khe mines, in which a mechanised complex was used for extracting
coal from walls. This equipment has high electric power and emits a lot of heat to the ambient
air. In order to lower the air temperature in the heading of Vietnamese mines ventilation tools
are used, which often are not able to sufficiently lower the temperature at working sites.

3. Air temperature lowering options in underground hard coal mines

In order to improve climatic conditions in underground headings, mining companies
mainly use traditional methods of headings ventilation, with artificial air cooling methods
being used in selected mines and operating areas. The traditional methods of improving
climatic conditions in mines are such that do not require cooling equipment. Effective
ventilation of headings may improve climatic conditions, taking the following into account
[2,3,4]:

- limiting fresh air humidification in downcast shafts and at the upper levels,

- simplification of the ventilation network and, consequently, directing a broader stream
of fresh air to walls and driven headings,



- proper exposure and cutting of the deposit, shortening the air supply paths and spoil
haulage,

- whenever possible, using dip or descending ventilation in extraction areas,

- performing preparatory works on the side where fresh air transported to longwall
headings is available,

- selecting an optimum longwall heading ventilation system,

- tight insulation of cave-in goaves (limiting air flow through goaves),

- avoiding serial ventilation of longwall headings,

- locating the spoil haulage from the longwall in the used air current,

- proper design of heading length, especially of longwalls, to account for the ventilation
system’s efficiency.

With the rising extraction depth and production concentration, traditional methods of
improving climatic conditions may prove insufficient. Thus, there is a necessity to use other
methods involving the application of cooling devices. There are three tendencies in the mine
air conditioning technology used to artificially lower air temperature at working sites through
the use of local, group-based or central air conditioning [5].

Local air conditioning, the diagram of which is presented in Fig. 3, is used to cool air in
one heading, in which several air coolers can operate arranged, e.g. in a series.

Evaporator

Fig. 3. Local air conditioning diagram [5]

Air conditioning equipment can operate in the indirect or direct system. These devices
include an evaporator, which is an air cooler, combined with a machinery assembly
consisting of an air-cooled condenser, an expansion valve and an air compressor. The
evaporator and the condenser are connected with elastic wires to the coolant circulation.
Direct action chillers cool the air stream with an evaporator located directly in the cooled air
stream, while heat is collected from the condenser in an open or closed system with the use
of technological water. Underground hard coal mines use local direct action chillers with a
cooling capacity of 150-450 kW for the air conditioning of face works, driven roadways, cuts
and longwalls [2, 5]. In the direct action air conditioning (cooling capacity of 300-900 kW),
the evaporator cools the water pumped to the hydraulic air cooler placed in a given heading.
The condenser is cooled in a similar way as in direct action systems.

If it is necessary to locate several air coolers in a heading or there is a need to cool the air
on a large extraction area, stationary cooling aggregates are used instead of individual



devices. Cooling aggregates supply cold water to air coolers, which is called group air
conditioning [5].

Group air conditioning systems (Fig. 4) make use of one or two cooling aggregates
combined in a series. The total cooling capacity of the aggregates is from 1000 to 3000 kW.
The aggregates are usually located near extraction areas, and the condensation heat is released
through evaporative water coolers.

Evaporative water coolers

(> =00 =Tl =T
Condenser
Eefrigeration
aggregate
AY
=i U 2 2 A7
Air cooler Aircooler Air cooler
[T i - 4
Air cooler Adr cooler

Fig. 4. Group air conditioning diagram [5]

Cooling aggregates, depending on the conditions in a given mine, are usually located near
downcast shafts, from which cooled water is transported through isolated pipelines to
regional air coolers [4]. In Polish mining, very often group air conditioning systems are used
in combination with local air coolers.

In central air conditioning systems (Fig. 5) cooling aggregates with their cooling system
can be located on the surface or under ground, or both. Central air conditioning systems use
water cooling aggregates, with water pumped to local hydraulic air coolers. In Poland central
air conditioning systems are used, for instance, in the Pniéwek, Rudna, Budryk and KGHM
mines.
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Fig. 5. Central air conditioning diagram [5]

4. Possibilities of applying local air conditioning in the Ha Lam mine in Vietnam
In longwall heading CGH 11-1.14, coalbed 11 in the Ha Lam mine temperature in the

summer often exceeds 30°C (Table 3).

Table 3. The air temperature measures in wall 11-1.14 of the Ha Lam mine before installing a local
air conditioning system.

Months

. = .

2 - L [ o 5]

Heading name E 53 = z 2 > 2 g 3 g ,E

s S 5 = = 3 8 5} 15}

—g s < = = = é = 8 Z 3

~ A Z a

povomgate CGHTL- 1 ee | ag | 287 | 20 | 295 | 305 | 315 | 315 | 32 | 32 | 296 | 291
Wall CGH 11-1-14 °C 29.7 30 30.5 31 31.5 32.5 32.5 32.5 32.5 30.6 30.2
Top gate CGH 11-1-14 °C 30.3 30.7 31 32.5 322 33.8 33.5 33.5 33 319 30.6
Air stream m’/s 22.8 22.3 22.6 24.2 20.5 19.8 21.1 22.7 22.1 22.8 223
Surface air temperature °C 24.2 28.8 32.9 35 36.2 34.8 352 32.6 28.6 26.5 24.6

In order to provide appropriate working conditions, in June 2016 a local air conditioning
system was installed based on direct action coolers MK300 made in Poland. The air cooler
made it possible to reduce air temperature in the heading to 29.4°C. Table 4 contains basic
working parameters of the MK-300 cooling device.

Fig. 6 presents air temperature distribution at the surface and in wall CGH 11-1.14 before

installing local air conditioning. As can be observed, wall air temperature is below 30°C only
at the turn of February.
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Fig. 6. Air temperature change diagram for wall CGH 11-1.14.

Table 4 contains catalogue data for MK-300 direct action cooler presented in Fig. 7
installed on wall CGH 11-1.14.

Table 4. Basic technical parameters of cooler MK-300 [6]

No. Item Parameter
1 Nominal cooling capacity 300 kW
2 Evaporation temperature (0+7°C) Tp =3.3°C
3 Condensation temperature (40 +48°C) Tx=42°C
4 Volumetric air stream Vi = 400 + 6700 m*/min
5 Air temperature at the evaporator inlet Tpi =31.0°C
6 | Air temperature at the evaporator outlet T1o =19.0°C
7 Water temperature at the condenser inlet Twi=27°C
8 Water temperature at the condenser outlet Two = 40°C
9 Volume of water cooling the condenser Vw=20.0 m*/h
10 | Roadway cooling area (from the evaporator outlet) 150 +200 m
11 | Nominal cooling capacity of the condenser 450 kW

Fig. 6. The MK-300 air cooler used in the Ha Lam mine

5. Conclusions

Ventilation in underground mines in Vietnam meets the requirements regarding air flow
and velocity in headings in line with the regulations of the Ministry of Industry and Trade.
In line with the regulation, temperature at the working site in an underground mine should
not exceed 30°C. In the summer however, in Vietnam external air temperature is high,
exceeding 35°C. Also the operation of underground mining equipment and the progressing



automation of coal excavation (the use of mechanised complexes on walls) lead to
unfavourable air temperature increases in underground headings.

In order to minimise the negative impact of climatic conditions on production in
underground hard coal mines, ventilation methods are used, which do not always prove
sufficient. For the purpose of lowering air temperature at working sites, Vietnamese mines
have begun to use artificial air cooling in the form of direct action local air coolers.

In the Ha Lam mine, to reduce air temperature on wall 11-1.14, MK300 air coolers
made in Poland were used with a nominal capacity of 300 kW. The application of an air
compressor system made it possible to reduce the temperature to 29.4°C and thus improve
climatic conditions in the heading.
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Rational grinding circuit for siliceous apatite ore type III of Lao Cai
Vietnam
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Abstract. Apatite ores type III of Lao Cai area, Vietnam is a class of
weathered sileceous apatite ores, which may have most variable composition
and primary slime content according to the weathering level and location.
The three operating flotation plants use similar single-stage grinding circuits
to process the highly weathered sileceous apatite ores and to achieve the
concentrate grade requirement of 31% P205 with the aimed average
recovery of about 70%. Single stage grinding circuits have worked well in
the past as the designed criteria were achieved, however, mine production
has increased sharply and deeper ores are being mined recently, so that the
material composition of the run of mine ores have become more complicated
and are the ores become more difficult to be floated. As a result, processing
criteria of these plants become critically unstable and low. The study is to
investigate the suitabity of two-stage grinding circuits for Lao Cai apatite
ore type III. The report presents the results of the study on middlings
regrinding of hard floatable apatite samples of Bac Nhac Son flotation plant,
where high loss of valuable apatite has occured due to low grinding
performance. Research results show that regrinding of all middlings to the
fineness of 75% -0.04mm not only improves recovery but also help to
stabilize technological operations and their processing criteria. The final
concentrate grade of more than 31% P20S5, tailings content of less than 5%
P205 and recovery of over 70% were achieved.

1. Introduction

Apatite is the main phosphate-baring mineral of the calcium phosphate group
consisting of chlorapatite (Caio(PO4)s(Cl)2), hydroxyapatite (Caio(PO4)s(OH),) and
fluorapatite (Caio(PO4)sF) [5]. It is used as the main raw material for the production of
phosphorus and its compounds, which are widely used in the national economy. About 90%
of the phosphorus demand goes to fertilizer industry while 10% remaining phosphorus
demand goes to others such as metallurgy, chemical and paper industries, and animal
feedstock [1; 2].

Vietnam apatite ore is a metamorphic sedimentary ore and it is classed into 4 basic
types: Type I is the richest apatite ore of the weathered zones with P.Os content of 28-37%;
Type 1l is carbonaceous apatite ore of non-weathered zones with P,Os content of 7-28%;
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Class I1I is siliceous apatite ore of weathered zones with P,Os content of 9-25%; Type IV is
a mixed carbonaceous — siliceous ore type of non-weathered zones with a P,Os content of 4-
15%.

All existing apatite ore flotation plants of Vietnam were designed to process
weathered apatite ores type III containing quartz as the main gangue minerals and to some
extend minor dolomite. The flowsheets of existing apatite flotation plants necessarily include
two-stage crushing with primary crushed ore washing in rotary washing drums for slime
removal; single stage grinding of finely crushed ores down to 70-80% of -0,074 mm size
fraction in ball mills; desliming by a combination of hydrocyclones and thickeners;
conditioning agitation and direct flotation in conventional mechanical flotation machines.
For flotation of apatite, fatty acids are commonly used as collectors, Sodium silicate as
depressant of quartz and caustic or ash soda for modifying of pH to 8-9 [4; 5; 6].

Flotation circuits of the existing apatite flotation plants of Vietnam necessarily
include a rougher operation, 2-3 cleaning and 1-2 scavenger operations, which allow to
achieve concentrate grade of approximately 31% P»Os, recovery of about 70%, and tailings
P»,0s content of 5%. The plants have been operated smoothly until recent years, however,
current ROM ore supply to the processing plants has become more and more volatile in terms
of both grade, ore characteristics and mineral composition. The general technology, including
comminution-separation flowsheets and operating regimes, gradually becomes more
unsuitable due to these changes. As a result, unstable processing criteria and huge loss of
valuable apatite have occurred. The P,Os contents in tailings of the processing plants
sometimes reached 8-9% [3]. In order to overcome this situation, it is necessary to have
researches on technology improvement for comminution-separation flowsheets, grinding
regimes, flotation operating regimes and even processing equipment etc.

2. Samples and methods of the study

2.1 Samples

The study sample Q3 KT22, MC: 35 - 41, of 160-180 level, was collected from Bac Nhac
Son (Lao Cai province) area of the most hardly floatable apatite ores type I1I. The amount of
each sample taken to the laboratory was about 50kg, P,Os content of samples MS1; MS4;
MS5 and MS6 are about 8.5%; 18.5%; 13.5% and 17.5% respectively. The mineral
composition of the samples is shown in Figure 1 and Table 1.

Table 1. The mineral composition of the samples

No Mineral Content, %
MS1 MS4 MS5 MS6
1 Clay, sericite, muscovite 27-30 20-22 63 - 64 35-37
2 Quartz 61-63 58-59 20-22 42-45
3 Apatite 8-10 18-20 13-15 18-20
4 Iron hydroxide 1 1-2 1-2 1-2

The study samples consist mainly of apatite, quartz and clay minerals. Apatite mineral is
in the form of microparticles and fine-grains. Fine grains of less than 0.01-0.05mm are either
scattered or concentrated in group, in spots or thin strips stretched in a direction. Apatite is



colorless, high floating with stainy surfaces and gray interference. The lowest grade MS1
sample contains over 60% quartz minerals, MS5 sample contains over 60% clay minerals.

Figl. Study sample images under microsope

2.2 Methods of the study

The experiments were conducted by the traditional methods i.e serial experiments
starting with the exploration of the most important parameters. In each serial test, all
conditions were kept unchanged except the explored parameter. The best explored
parameter’s values of the previous experiment were used for the following series of
experiments.

Most tests were conducted at the Laboratory of the HUMG Department of Mineral
Processing using mechanical laboratory flotation machines with chamber capacities of 1-31.
The ore samples were crushed down to -3 mm size and then ground in a ball mill of 81
chamber capacity to the required mesh of grind before feeding to the flotation test.

The flotation products were filtered, dried, weighed and prepaired for the final
analysis. The efficiencies of each experiment were assessed through a number of
technological criteria including actual recovery in concentrate and P,Os contents in both
concentrate and tailings.

3. Results and discussions

3.1Conditional experiments



Series of conditional experiments of each ore sample were conducted according to
the Figure 2 and the optimal operating regimes were determined as shown in Table 2 and the
flotation results at optimal regimes are shown in Tables 3.

Feed
NaOH, pH=8-9: 2 min
Na,SiO;, 400g/t: 3 min
MD, 400g/t: 5 min

FLOTATION: 5min

v \/

Concentrate Tailings

Fig 2. Conditional flotation test

Table 2. Optimal operating regimes of the samples

Operating variables/Sample MS1 MS4 MS5 MSé6
Mesh of grind, % of -0,074 mm 95.7 91.1 91.88 92.72
Solid concentration, g/l 300 300 300 300
NaOH dosage (pH=28-9), g/t 800 800 800 800
Sodium silicate dosage, g/t 400 400 400 400
Collector MD, g/t 400 400 400 400

Table 3. Flotation results of the samples at optimal regimes

Sample Product Yield, % P20s5 Content, % P2OsRecovery, %

Concentrate 50.24 15.72 93.13

MS1 Tailings 49.76 1.17 6.87
Feed 100 8.48 100
Concentrate 65.93 24.85 88.56

MsS4 Tailings 34.07 6.21 11.44
Feed 100 18.5 100
Concentrate 58.99 20.03 87.78

MS5S
Tailings 41.01 4.01 12.22




Feed 100 13.46 100
MS6 Concentrate 62.82 22.62 81.25

Tailings 37.18 8.82 18.75

Feed 100 17.49 100

From the experimental results, it can be seen that most of samples although of different
mineral composition and P,Os content, can be processed at similar flotation regimes; All
samples require a grind fineness of over 90% of -0,074mm size fraction; Low grade ores

(sample MS1) do not require scavenging operations as rougher tailings with P,Os content of
1.17% are suitable for disposal.

Feed

NaOH, pH=8-9: 2 min

Na,SiO5, 400g/t: 3 min
MD, 400g/t: 5 min
Rougher
A J A J
Cleaning 1 scavenger
y M \
. Middlings 1 'Y Tailings
Cleaning 2 Scavenger
concentrate
v
Concentrate Middlings 2
a
Feed

NaOH, pH=8-9: 2 min

Na,SiO;, 400g/t: 3 min

MD, 400g/t: 5 min

Rougher
/ A
Cleaning 1 Tailings
\ \/
Cleaning 2 Middlings 1
 / \J
Cleaning 3 Middlings 2
v \l
Concentrate Middlings 3
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Fig 3. Single stage flotation circuit tests

3.2 Single stage flotaion circuit selection

Purpose of the study is to determine suitable number of cleaning and scavenging
operations for achivement of the desired concentrate grade and recovery. The study has
determined optimal flotation open circuits for the ore samples MS4; MS5 and MS6 as shown
in Figure 3a, while for MS1 sample as shown in Figure 3b. Flotation results according to the
selected open circuits are shown in Table 4.

From the results of open circuit flotation test results, it is found that low grade ores
(MS1) require 3 cleaning operations to achieve the desired concentrate grade but no
scavenging operation due to very low P205 content in rougher tailings; Flotation middlings
of higher grade ore samples, as shown on the Figure 3a, require further treatment due to their
very high P205 content and low recovery into concentrate.

Table 4. Results of single stage flotation open circuits

Yield P20s P20s
Sample % ’ Content, | Recovery,
Product ° % %
Concentrate 18.5 31.78 69.66
Tailings 47.92 1.87 10.62
Middlings 1 18.35 2.11 4.59
MS1
Middlings 2 10.6 7.02 8.82
Middlings 3 4.63 11.5 6.31
Feed 100 8.44 100
Concentrate 35.59 33.28 63.78
Tailings 26.08 4.37 6.14
Scavenger concentrate 3.55 13.58 2.6
MS4
Middlings 1 23.06 11.57 14.37
Middlings 2 11.72 20.77 13.11
Feed 100 18.57 100
Concentrate 33.16 29.15 71.87
Tailings 35.13 2.42 6.32
Scavenger concentrate 4.85 7.43 2.68
MS5
Middlings 1 16.32 7.19 8.72
Middlings 2 10.54 13.28 10.41
Feed 100 1345 100
Concentrate 38.12 31.21 68.21
MS6 Tailings 31.28 5.48 9.83
Scavenger concentrate 5.69 9.31 3.04




Middlings 1 17.26 11.56 11.44

Middlings 2 7.65 17.05 7.48

Feed 100 17.44 100

3.3 Middling treatment selection experiments

Purpose of this study is to determine suitable middlings treatment flowsheets in order to
maintain the desired concentrate grade and recovery with minimal loss of value to tailings.
At the existing flotation plants, all middlings are returned to rougher operations for further
recovery of values to concentrates. Returns of middlings to rougher operations not only
increase circulating loads or pulp volumes but also cause rougher flotation disturbances
leading to lower processing criteria such as lower concentrate grade and recovery. According
to some previous studies, with hard-floatable apatite ore type 3, most middlings particles
often are floated well at the rougher stage but badly floated at the cleaning stages due to the
locking effect of values with gangue minerals [3]. Therefore, in this study, regrinding of
middlings and different flotation circuits were subjects of considerations for improvement of
the processing criteria.

Flotation circuit for both case with and without middlings grinding is shown in Figure 4
and results are given in Table 5. From experiments, it was determined that -0.04mm size
fraction content in middlings before regrinding and after regrinding of middlings were of
about 50% and 75% respectively.
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Fig 4. Two stage flotation circuit test

Experimental results in Table 5 show that regrinding of middlings improved the
separation efficiency because of better apatite liberation: overall recovery of the samples
MS4 and MSS5 increased by 6%; and MS6 by 4% while concentrate grades were almost
equivalent to conventional single stage flotation. However as per Table 5, high P,Os contents
in tailings of middlings flotation (tailings of middlings 1 and 2 in Figure 4), especially high

in tailings of the rich samples MS4 and MS6, were due to absence of scavenging flotation of

these tailings. This indicates that actual middlings flotation circuits should include a

scavenging operation and a return of cleaning tailings to the rougher operation.

Table 5. Flotation results with and without middlings regrinding

Wlthout. reer inding of With regrinding of middlings
middlings
Sample Product - -
Yield, % P20 Recovery, | Yield, % PO Recovery,
% o P20s |, % 0 P20s | o,
Concentrate 35.58 33.27 64.19 35.05 3342 63.35
Middlings
MS4 concentrate 1.65 26.77 2.4 6.17 27.73 9.25
Total of 3723 | 3298 66.59 4122 | 3257 72.6
concentrate




Tailings 26.82 4.74 6.89 26.52 4.66 6.68
Tailings = of | ¢, 10.58 47 20.94 11.17 12.65
middling 1
Tailings  of | 5 75 14.5 21.82 1132 | 13.18 8.07
middlings 2
Feed 100 18.44 100 100 18.49 100
Concentrate | 27.97 | 32.57 68.49 28.04 | 3261 67.29
Middlings 3.11 27.45 6.42 7.3 26.55 14.26
concentrate
Total of
31.08 | 32.06 7491 3534 | 31.36 81.55

concentrate

MS5 Tailings 36.77 2.49 6.88 36.13 2.47 6.57
Tailings = of | - ¢ 7.63 15.87 22.73 5.28 8.83
middling 1
Tailings — of | 49 6.92 2.34 5.8 7.15 3.05
middlings 2
Feed 100 133 100 100 13.59 100
Concentrate | 34.61 32.05 62.78 3473 | 32.05 62.71
Middlings 0.52 25.86 0.76 3.49 25.12 4.94
concentrate
Total of

35.13 | 31.96 63.54 3822 | 3142 67.65

concentrate

MS6 Tailings 32.02 527 9.55 319 5.26 9.45
Tailings = of | 3¢9 14.18 19.17 22.3 13.1 16.46
middling 1
Tailings — of | ¢ ¢ 15.26 7.74 7.58 15.07 6.44
middlings 2
Feed 100 17.67 100 100 17.75 100

Conclusions

From the study results of some hard-floatable apatite ore type III from Bac Nhac

Son area, Lao Cai, some conclusions can be made as the followings:

1.

Mineral composition of apatite ore type III samples of Bac Nhac Son area includes
apatite, quartz, clays, sericite. However, apatite is finely disseminated in quartz that
is the main cause of low efficiency;

Lowgrade ores such as MS1, it should be floated in open-circuits in order to obtain
concentrate of the required quality, middlings and tailings can be disposed without
retreatment;

Recovery of flotation circuits with middlings regrinding generally increase recovery
of P,Os to above 72% while overall concentrate grade . So it is obvious that
middlings regrinding of finely disseminated and high grade ores is more rational.
Middlings regrinding and its floation may give more stable processing criteria due
to absense of rougher operation disturbances, lower circulating loads and assured



flotation time. Besides, two stage grinding remarkedly reduces slime generation and
reduce energy consumption compare to the existing single stage grinding;

4. Tt is necessary to continue studying on optimizing mesh of grind of grinding stages
and middlings flotation circuits in order to reduce energy consumption, to improve
the processing criteria. Further studies should develops most suitable flowsheets and
floation regimes for hardly floatable apatite ores type III for coping with recent
changes in the ROM ore supply to processing plants.
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Abstract. The article presents the choice of a Polish powered roof support from FAMUR Group
for the conditions of one of the hard coal mines in Vietnam. In the analytical calculations, the
strength and structural parameters of the rock mass from the Vang Danh mine region were adopted.
The longwall face is 93 m long and the thickness of the coal layer is equal 3 m. For the needs of the
choice of support, the load of the longwall face determined and the capacity of the powered roof
support were determined. On the basis of the permissible roof deflection method, the condition of
excavation maintenance was characterized. In the calculations, it was assumed that the condition of
using a powered roof support type FAZOS-15/31-POz, except in addition to complying of the
working range and permissible value of longwall face inclination, is to ensure proper roof
maintenance conditions, which are determined by the index of load capacity of the roof ,,g”.

1 Introduction

The main task of the support is to protect the working space in the operating front. By supporting the working
space it is understood to prevent the fall of roof rocks into the excavation face and take over a dynamic loads. In
order to fulfilled the tasks of support , it is necessary to check the possibility of using a given type of support in
specific geological and mining conditions [5]. Due to the possibility of using the knowledge of support loads to
better understand the phenomena occurring around it, programs recording the work parameters of complete
longwall mining systems were created [3, 7]. In an underground hard coal mines mining complex consists of
shearer loader, armoured face conveyor and powered rood support that determines the safety and efficiency level
of the mining process [17]. One of the decisive factors affecting on the correct choice of powered support is the
cooperation between the base of the support and the floor of longwall face [6]. For longwall panel with caving, the
roof rocks fall by gravity causing the filling of post-mining area. In underground excavations the compressibility
of filling materials play a special role preventing, e.g. decreasing the surface and allow to manage the waste
[13,14]. Very often mining supports cooperate with different types of reinforcement. In terms of rock mass prones
to tremors, mining support should be adopted to energy — absorbing [11,12]. Correct selection of the load-bearing
capacity of the supporting section to the size of the loads from the rock mass is not a guarantee of ensuring the
stability of the longwall face. This is due to the fact that the possibility of creating in the longwall face with the
maintenance of the roof, very often decides other reasons, for example, irregularities in the construction of the
powered roof support or to use them [8]. The main factors affecting the choice of mechanized support were
presented in the table 1. The general criterion on the basis of which the most often selected is the powered roof
support in the mine is the compliance of the scope of its operation with the planned exploitation height [18]. Lack
of detailed calculations of the load of the support and its capacity, as well as resistance to dynamic loads, may lead
to a series of undesired events, for example the fall of roof rocks, clamping the support or its damage [15]. The
phenomenon of loading a mining support with the weight of rocks may occur in the case of roofs with very low
strength or in which there are completely damaged rocks. The behavior of the excavation support at such a load
depends on the weight value of rock masses. The static load value lower than the load capacity (load capacity)
does not cause dynamic phenomena. Only exceeding the operating values leads to clamping the support, which
results from the operation of the protections. In a mechanized support, this is to open the outflow from the under-
piston space of the stands through a working or pressure valve and to clamp the sections. If the load remains above
the working load, the support is completely closed with all overloading consequences. In order not to allow such
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a situation, it should be paid special attention to the selection of support and methods of protection. The mentioned
two cases of behavior of a longwall face support can be presented by the relation [16]:

Qi'b<Fi;—->V=0 (1)
Qi 'b>F, »V>0 2)

where:

Q; — static load of a longwall face, [N - m™1],

b — Centre sparing of powered roof support, [m],

F,r — roof support capacity, [N],

V — velocity camping of powered roof support, [m -+ s~1].

Table 1. Factors affecting on the choice of powered roof support

Geological Production Equipment
Coal seam thickness (thinning and Length of face Minimum and maximum working
thickening) and inclination height of powered roof support
Faults (throw and inclination angle) Length along the strike Canopy load distribution
Depth of exploitation Reserve of coal Support yield ratio over the lift of the
panel and set to yield ratio
In situ stress Extraction height Harmony between powered roof
support and armoured face conveyor
Natural hazards (mainly: water, Upper and lower mineable seams Opverall dimensions of support in
tremors) transport position
Caving behaviour Rate of face advance and production Mass of powered roof support
capacity
Strengh, deformation and structural Ratio of face to top coal Possibility of remote control and
properties of coal seam and monitoring
surrounding rocks

2 Stages of rock mass behavior loading in the longwall face

The relaxed rock mass can be divided into two parts (Fig. 1). The lower part is the immediate roof, which forms
the most cracked layers and creates a chaotic rubble rocks in the goaf. The upper part is formed by the main roof,
consisting of strongly fractured rocks, they retain the form of geometrical continuity in the goaf [16]. In the
overlying rock layers above the relaxed rock mass, which can be described as a disturbed rock mass, as a result of
the deflection of the layers during coal seam mining, cracks are also formed. The frequency of these cracks is less
frequent than in a relaxed rock mass and they do not lose their geometrical continuity during settlement. This
process takes much longer and is delayed compared to the layers of the relaxed roof. The phases of behavior of
the rock mass follow one another and are connected with the increasing run along the strike of longwall face. In
these phases there are differences related to the course of phenomena occurring in the roof of the longwall. A
longwall face start-up phase can be distinguished. In the roof, blocks of rock are formed, which can fall freely.
The impact of the support on the support in this period is negligible in relation to natural factors occurring in the
longwall face. The next phase is the phase of incomplete caving, in which the goafs are already filled. The rubble
rock is not yet tight and does not give proper support in relation to the rock layers that load the longwall face. Roof
support capacity should cause mutual disintegration of the rock blocks between them in the roof of the longwall
face. In the case of insufficient capacity of the support in the excavation, there may be signs of strong rock mass
pressure. The last phase of a full caving occurs as the longwall runs progress, in the case of roofs that are prone to
collapse. During the full creation of the caving, his zone achieves the largest possible range. Layers composed of
rock blocks, over a longwall face and in the above-lying rock mass, obtain carrying capacity when the close contact
of blocks is created. It results from the resistance of layers on one side to rubble rock caving and on the other hand
to the boundary surface of the relaxed rock mass. The mechanized support is designed to help keep rock blocks
contact by supporting them [1].
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Fig. 1. Scheme of relaxed rock mass around longwall face with caving

3 Geological and mining within the mining area

Strength and structural parameters of coal and surrounding rocks were determined on the basis of boreholes
no. LK.64 and LK.401 (Fig. 2). The average value of compressive strength for coal seam is equal 25 MPa. The
depth of designed exploitation is equal 320 m. Immediate roof is built from siltstone, with varying thickness from
18.5m to 25m. Sometimes immediate roof is argillit glass format, with thickness from 0.2m to 0.6m. Compressive
strength varies from 8 MPa to 163 MPa, (the average value is equal 45 MPa). Main roof is built from gritstone,
with varying thickness from 9.3m to 14.3m. Compressive strength varies from 15 + 272 MPa, (the average value
is equal 70 MPa). Immediate floor is built from siltstone evenly distributed, sometimes is built from argillite.
Compressive strength varies from 5 to 70 MPa, (the average value is equal 30 MPa).
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Fig. 2. Geological cross section through the boreholes
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4 Geological and mining within the mining area Choice of powered roof support

The length of longwall face will have 93m and the length along the strike will have 355m. Designed longwall
faces belong to coal seam no 8 and applies to the level from -20 to 0. The thickness of coal seams varies from
5.19m to 5.91m, (the average value is equal 5.54m ). The height of first layer will be equal 3m. The inclination of
coal seam varies from 5° to 15° (the average value is equal 11°). Coal seam has up to 2 clamping stones layers
with a total thickness up to 0.5m (the clamping stones component is mainly clay). Coal seam will be divided into
two layers. Within geological and mining conditions, powered roof support, type: FAZOS-15/31-POz (Fig. 3) was
chosen [2]. The basic technical specifications of this support for the working conditions in the Vang Danh hard
coal mine are shown in Table 2.

Table 2. Technical specifications of powered roof support FAZOS-15/31-POz

Feature Value
Support height [m] 1.5-3.17
Operational height range (no burst of coal seam) [m] 1.7-3.0
Operational height range (coal seam prones to burst) [m] 1.8-3.0
Centre spacing [m] 1.5
Longitudinal inclination [°] up to 35
Transverse inclination [°] + 15°
Roof support advance [m] up to 0.8
Number of hydrualic legs [-] 2
Diameter of leg [m] 0.2
Leg support capacity: setting load [MN] 0.785
Leg support capacity: yield load [MN] 1.508
Supply pressure [MPa] 25.0
Roof support capacity [MPa] 48.0

5

———

Fig. 3. Powered roof support FAZOS-15/31-POz

4.1 Load of the longwall face for the purpose of selecting the powered roof support [based on 4, 9-10]

The load of a longwall face, when the mechanized support is selected, is expressed by the value of the load
moment of the Mq which is the product of the load value of the excavation and its operating arm. For caving
longwall faces with high compressive strength, it is calculated from the dependence:

ny-an-h
Mo= Rt (i) @)
(R—(’:+0,184) - (0,0025R¢+0,5)15

where:
ng— coefficient of load intensities, [-],



ng =1for03 < Ricz <0.5 (4)

9 _38_
ng =t = 5= 032 (5)

q — rock mass pressure, [MPa],
R, — compressive strength of coal in the seam, (Re, = 25)[MPa],
n, - coefficient of inclination, (n, = 1, for inclination less than 20°), [°],
ap - coefficient of periodic pressure, [-],

Ay = Gy " Ay, (6)

a, = 0.508-1.44 = 0.73 (7)
ap1 — coefficient taking into account the influence of suspended over goaf by rigid layers forming the solid roof
rock mass for Rc > 40 MPa,

1
apl = m +1 (8)

a,; = 0.508

apy — coefficient taking into account the influence of suspended over goaf by rigid layers with a thickness greater
than 3h;, lying above the solid roof rock mass up to a distance of 10h, from the roof of the longwall face,

2
@y =—0.04- (1) 404241 9)
apz = 1.44
where:
hs— reduced height of longwall face, [m],
hy = 0.8 H, [m] (10)

H — height of longwall face, [m]

R — areal roof compressive strength, determined of the basis of in situ tests in a given field of exploitation, (Rc =
55), [MPa],

hy — in the calculations it was assumed that hy, = 3, [m],

1-1-0,73-2,4

Mo = = 3.181 [MNm] (11)

2
(%+0,184) - (0,0025-55+0,5)1.5

4.2 Determination of roof support capacity [based on 4, 9-10]

The average roof support capacity (Pz) in the longwall face should be calculated for the least favorable case,
i.e. for the length of face in which the support is moved. In the ongoing course of reasoning, application to the
moment of load of the face, the supportive moment of the mechanized support in the excavation is used, this value
is determined by the dependence:

Mp =Pz I,, [MNm/m], (12)
where:
1, - the operating arm of the support force of the powered roof support, (I, = 4), [m],
P,— average roof support capacity in a given longwall face, dteremined in MN per 1m section of face,
perpendicular to the longwall front, calculated from the dependence:

i-ng-ny P (1-ng)-(dg2—do1)
p=imemw Pl Uonoiende) g | [MN](13)
ST

where:

i — number of hydraulic legs, [-],

ng - the reduction factor of the leg’s capacity, taking into account its deviationin relation to the perpendicular to
the base, (nk = 1),

n,, - the transfer coefficient of the capacity of support to the roof of the face, dependent from the support span, for
caving faces:



.e=05 Lw

ny=1-0,4 e’ (14)
ny=1-04 27177 277"%%°=( 79 (15)

where:

Ly - the sum of the roof length of support, the width of the "path" at the face of the longwall and the cut depth of
shearer loader, (Ly = 4.70), [m],

P - leg support capacity: yield load [MN],

b - centre spacing, counted along the longwall face, [m],

n, - value of the setting to yielding load ratio in the hydraulic legs, [-],,

nm — coefficient of impact of floor strength (nm= 1),

ne; — coefficient of work of powered roof support (ne, = 1),

do1 - the distance of the support leg from the face of the longwall, counted on the roof, before the start of mining,
(dor = 3.3) [m],

do> - the distance of the support leg from the face of the longwall, counted on the roof, after completion of mining,
(do2=4.1) [m],

Zs - the average clamping value of the excavation over its span, equal to doz - do1, (Zsr= 9.44), [mm].

_2-1-0.79-1.508 (1-0.52)-(4.1- 3.3)

3-15 100-2.71-35-271781 —
A e t(1+271718 27172

Pz

+2-1-052[=057[MN] (16)

Mp="Pz-1,=0.57 - 4 =2.28 [MNm/m] (17)

4.3 Determination the state of maintenance of the roof in the longwall face with caving

The method of determination the maintenance of the excavation depending on the load-bearing capacity of the
longwall face support in the system with caving is based on the permissible deflection of the excavation roof and
allows also determine the correct range of support [4]. In the method of this calculation, the size of the load index
of “g” roof layers is subject to the ability to maintain their geometrical continuity over the excavation. The value
of the load index of the roof layers depends on the average size of convergence calculated along the length of the
excavation and depends on the relation of the support's capacity to the excavation load. Capacity of the support
and the load of the excavation depends on natural factors, ie on the construction and properties of the rock mass,

but also on technical factors resulting from human activity. The roof capacity index is calculated from the formula:
1
=g— 18
& L1y o3 (18)
Zg
where:
Zy, - inclination of the roof occurring on the first meter of the excavation span measured in mm subsidence, per

1m of the roof span,

Zu = 1 , [mm] (19)

Mp
0,012 - W +0,02
_ 1
2.28 (20)

0,012 - 3181 +0,02

Z11 =34.96 [mm]

7y

Z, - the limit value of the roof inclination formed from a given type of rock, above which it becomes a set of loose
rock blocks, also counted in mm subsidence, per 1m of the roof span,

, [mm] (21)

k
7 o= ke

& 205, 9006
R¢

where:

ke — coefficient dependent on the mining system (for caving, k. = 1),

R. — real roof compressive strength, determined on the basis of tests in a given field of exploitation, (Rc = 55),
[MPa],



n_n

considering the dependence of Zj; and Zg, the load capacity index of the roof "g" was calculated:
1

1
g :ZL+ 03 = 3296 3 = 1.84 (23)

Zg 144.736

The value of the load index of the roof below 0.7 indicates very poor conditions for roof maintenance, which
may mean a risk of a roof fall. Values in the range from 0.7 to 0.8 indicate that the condition of maintaining the
roof is difficult. A value equal to 0.8 or more indicates correct roof maintenance.

5 Summary

The selection of a powered roof support for the geological conditions of the Vang Danh hard coal mine in
Vietnam at a depth of around 300m is important for safe and efficient exploitation. Based on the calculated load
capacity of the roof "g", it can be stated that the FAZOS-15/31-POz support has been well chosen and can provide
workplace safety and can be a decisive factor in the effectiveness of exploitation conducted in geological and
mining conditions of individual longwalls. Due to the complexity of the problem of cooperation of mechanized
support with the roof rock mass, mathematical models obtained as a result of theoretical research and experimental
research conducted in mining conditions should be used. In the case of a longwall face, fall of roof rocks may
occur, which contribute to the loss of fluidity of the coal production process in the longwall, and also contribute
to the increase of accident hazards for the working crew. Contemporary, modern underground hard coal mining is
characterized by monitoring systems of mechanized support by roof loads, thanks to which it is possible to inform
the crew in a very quickly and safety way and precisely identify potential danger zones. In order to apply the
prediction of the load, tests and calculations in real conditions first must be performed, which will then be applied
in numerical algorithms. The use of solutions of Polish Universities, Research Institutes as well as mining
companies can be successfully implemented for the underground conditions of mines in Vietnam.

The acknowledgements

Paper was presented during the 5" POL — VIET International Conference Scientific-Research Cooperation
between Vietnam and Poland, 08-10.07.2019, AGH UST, Krakow, Poland.
This study was developed as part of the statutory work No. 11.11.100.005

References

1. A. Bilinski, T. Kostyk, Prace naukowe Gtownego Instytutu Gornictwa, 773, (1992)

2. FAMUR website: https://famur.com, (2019)

3. L.Herezy, D. Janik, K. Skrzypkowski, Stud. Geotech. Mech., 40 1, (2018) doi.org/10.2478/sgem-2018-0007
4. M. Jaszezuk, Scianowe systemy mechanizacyjne. Wydawnictwo Slask, Katowice, (2007).

5. W. Korzeniowski, L. Herezy, K. Krazue, Z. Rak, K. Skrzypkowski, Monitoring Gorotworu na podstawie

analizy pracy sekcji obudowy zmechanizowanej. Wydawnictwo Akademia Gorniczo - Hutnicza, Krakow,
(2013)

6. J. Markowicz, S. Rajwa, S. Szweda, Arch. Min. Sci., 62, 1, (2017) doi.org/10.1515/amsc-2017-0013

7. M. Plonka, S. Rajwa, MINING — INFORMATICS, AUTOMATION AND ELECTRICAL ENGINEERING,
4, 536, (2018) doi.org/10.7494/miag.2018.4.536.45

8. S. Prusek, M. Ptonka, A. Walentek, Arab. J. Geosci, 9, (2016) doi.org/10.1007/s12517-015-2171-2

9.  S.Rajwa, Prace Glownego Instytutu Gornictwa, Katowice, (2014).

10. S.Rajwa, M. Plonka, Z. Lubosik, A. Walentek, W. Masny, Principles of safe use of powered supports. School
of Underground Mining, Ukraina, (2008).

11. K. Skrzypkowski, E3S Web of Conferences, 71, 00006, (2018) doi.org/10.1051/e3sconf/20187100006

12. K. Skrzypkowski, E3S Web of Conferences, 35, 01006, (2018) doi.org/10.1051/e3sconf/20183501006

13. K. Skrzypkowski, E3S Web of Conferences, 71, 0007, (2018) doi.org/10.1051/e3sconf/20187100007

14. K. Skrzypkowski, W. Korzeniowski, K. Poborska — Mtynarska, Arch. Min. Sci., 63, 4, (2018)
doi.org/10.24425/ams.2018.124983



https://doi.org/10.2478/sgem-2018-0007
https://doi.org/10.1515/amsc-2017-0013
http://dx.doi.org/10.7494/miag.2018.4.536.45
https://doi.org/10.1007/s12517-015-2171-2
https://doi.org/10.1051/e3sconf/20187100006
https://doi.org/10.1051/e3sconf/20183501006
https://doi.org/10.1051/e3sconf/20187100007
https://doi.org/10.24425/ams.2018.124983

15.

16.

17.
18.

K. Stoinski, Obudowy gornicze w warunkach zagrozenia wstrzqgsami gorotworu. Praca zbiorowa.
Wydawnictwo Gtéwny Instytut Gornictwa, Katowice, (2018)

K. Stoinski, Zmechanizowane obudowy Scianowe dla warunkow zagrozenia wstrzgsami gorotworu. Praca
zbiorowa. Wydawnictwo Gtéwny Instytut Gornictwa, Katowice, (2000)

D. Szurgacz, Journal of Sustainable Mining, 14, 4, (2015) doi.org/10.1016/].jsm.2015.12.001

M.E. Yetkin, F. Simsir, M.K. Ozfirat, P.M. Ozfirat, H. Yenice, S. AFR. J. IND. ENG., 27, 1, (2016)
doi.org/10.7166/27-1-1366



https://www.sciencedirect.com/science/journal/23003960
https://doi.org/10.1016/j.jsm.2015.12.001
http://dx.doi.org/10.7166/27-1-1366

Study on some solutions for enlarging the application scope of the fully
mechanized longwall coal mining technology according to seam dip angle
at underground coal mines in Quang Ninh coalfield
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Abstract: The paper summarizes the applied experience, the technical
solutions to limit the adverse effects of slope angle in the mechanized
longwall mining at underground mines in the world. The paper proposes
some solutions for enlarging the application field of the fully mechanized
longwall mining technology according to seam dip angle at underground
coal mines belonging to Vinacomin.

The current, Vietnam National Coal — Mineral Industries Holding Corporation Limited
(Vinacomin) is promoting the application of the mechanized coal mining technology, in
order to improve capacity and labor productivity, meet the demand for the economy. In
which, the process of applying mechanized technology to mining coal seams with dip angle
a<35°, solved the requirements of capacity, productivity and labor safety. However, in
condition ofsome inclined seams with a dip angle a>20°, the level of efficiency of the
technology decreased sharply (equal to 25 to 30-percent compared to the stable period).
Although the device is designed with the ability to work when the angle is up to 25°, even to
359,

The results of assessment mechanization application process in coal mines in Quang Ninh
in the past ten years show that: Stable working time of longwall accounts for 38% to 45% of
total operating time [2]. The remaining time, the longwall often encountered trouble, in which
the slope factor plays an important role (accounting for 17% of the total unstable operation
time and accounting for 38.6% of the geological problems). If the dip angle is greater than
20°, the equipment in the mechanized longwall will work with low reliability, usually occurs
sliding, must stop troubleshooting, affects the durability of the device and reduce exploitation
efficiency.
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Figure 1. Proportion of factors affecting the reduction of longwall production

Therefore, study on some solutions for enlarging the application field of the fully
mechanized longwall mining technology is necessary for underground coal mines in the
Quang Ninh coalfield.

I. Study on some solutions for enlarging the application scope of the fully mechanized
longwall mining technology at underground coal mines

In the world, to exploit coal seams of medium to thick thickness, dip angle above 20° by
mechanized longwall, there are some following solution:

1. Improving the structure of the support.

This method link individual support units into clusters by the anti-topple jacks and face
conveyor with power support by anti-slip device. The addition of large hydraulic jacks with
thrust (or pull) along the direction of the dip angle of the longwall, linking the canapy and
base of the single power support as above is quite effective in keeping the supports and face
conveyor not fall over by the impact of the dip seam, thereby increasing the scope of
application according to the working angle of the power supports and conveyor.




a. Anti-drift system of power b. Anti-drift system of c. Anti-topple system of power
support face-conveyor support

Figure 2. Hydraulic jacks against drifting, anti-topple of face conveyor at mechanized longwall,
Quang Hanh Coal Company

This solution has been practically applied and highly effective in some mechanized
longwall mining at the medium thick seams in Chinese underground mines such as Doanh
Coc Son and Xuong Hung of Ban district - Guizhou; Dai Hung mine - Tao Trang; mine No.
10 - Binh Dinh Son - Ha Nam Province; Tuan Duc Mine - Hac Cuong Mine - Hac Long
Giang Province .... The mechanized longwall have a length of 100 + 150m, have coal output
of 350,000 + 600,000 tons/year, some favorable cases, the longwall capacity reaches 1.5
million tons/year, labor productivity reaches 20 + 50 tons/work, the exploitation coefficient
reaches 90 + 95% [2]. In Quang Ninh region, the longwall CGH TT-6-1 located in the coal
seams 6 of the Trung Tam area, Quang Hanh coal mine has been equipped with anti-drift
hydraulic jacking system, the longwall relatively stable operation in sloping conditions of
about 25°.

2. Solution of longwall mining in the direction of selling oblique to reduce slope angle.

This solution set the coal face of longwall in the semi-oblique direction to reduce the dip
angle of the longwall. The degree of dip angle of the longwall o1 (compared to the true dip
angle of coal seams o.s) depends on the semi-oblique angle between coal faceand the strike
of the coal seams (or the line of dip) vy.

D

Figure 3. Diagram to calculate the dependence of the dip angle of longwall cuw and the angle of the
coalface into the semi-oblique angle y

The relationship between the dip angle of the longwall aiw, the true dip dip angle of the
coal seam av, inclined angle of the coal face § with the semi-oblique angle of the coal face
compared to the the line of dip -y, is represented by the formulas:

Sin Oy = SiN GV X COS ¥; Sin & = Sin O¢s X Sin y (1)
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Figure 4. Chart of the dependence of the dip Figure 5. Chart of the dependence of the inclined
angle aiw in the semi-oblique angle of longwall Y angle of the coalface § to the semi-oblique angle y

Based on the chart in Figure 4, Figure 5 can be seen in the case of the longwall kiln
perpendicular to line direction of coal seam (semi-oblique angle y = 0°), the slope angle of
the longwall will be equal to the slope of coal seam. For example, if coal seams have dip
angle acs = 25° and thesemi-oblique angle y = 35°, the dip angle of the longwall will be 20°,
corresponding to a decrease of 5° compared with the seam dip angle.

However, if set the conveyor gateway area of the longwall go ahead the air-return gateway
area, we will create a semi-oblique angle as above, the coalface of longwall will tilt
accordingly at an angle of about = 13 + 14°, easy to happen risk, for example, failed roof,
coal falling. Thus mining operations may stop and major reinforcement begin immediately.

To avoid this phenomenon, we can set the coal face in the opposite direction, The head
area of longwallt is over the foot are of the longwall (Figure 6b) or the foot areas are still
advanced ahead of the longwall but the coal face is straight (Figure 6a).

The area to be repaired to \

a, support case of longwall legs first b, support case of longwall head first

Figure 6. The type of coal face in a semi-obliqued longwall

Along with the layout of semi-obliqued longwall, the arrangement: supports - face
conveyor (Figure 7a) is often preferred over the oblique form (Figure 7b) because the
structure of the link between the face conveyor and the hydraulic anti-topple jacks (or
hydraulic anti-slip device) is simpler, easier to fabricate and more durable, as well as the
supports structure of the supports can be reduced significantly less.



The power support

\
Face conveyor \\

a, The power support - face conveyor are
perpendicular in a semi-obliqued longwall a semi-obliqued longwall

Figure 7. The arrangement of the power support — face conveyor in a semi-obliqued longwall
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Figure 8. The arrangement of longwall on strike

However, the arrangement of mining in the form of the first part of the longwall goes
ahead, the major disadvantage is that according to the mining schedule, the support system
and the face conveyor will automatically move down, although it is not affected (or subjected
to little) impact by the dip angle. Meanwhile, the coal face of the longwall has legs ahead,
often with the opposite direction of movement, the support and the face conveyor move
themselves upwards according to the progress of mining and effectively overcome the drift
downwards [3, 4] ..

With the above arrangement, combined with the solution of using hydraulic system, anti-
topple jacks and anti-drifting, the longwall has made relatively good exploitation, avoiding
impacted slippery due to the influence of seam dip angle. Underground coal mine applied
simultaneously with the above two solutions bring good results. For example, the Tuan Duc
mine, Heilongjiang province, China used support HY-300, the KYBLK-70 scraper with
combine machine KWB-3RW exploiting coal seams with average thickness of 2.75m, the
35° dip angle gives mining capacity of 350 thousand tons/year, labor productivity of 10
tons/work or Dong Vinh II mine, Hac Long Giang province using support ZZ4800 / 15/30,
SGZ-764/2 x 200 and shearer MG250 / 601QWD in the longwall length of 114m to exploit
coal seams with thickness 2.7m, dip angle 34° for a capacity of 1.580,000 tons/year, labor
productivity reaches 45 tons/work shift [2].



3. Solution to organize diagrams of mechanized mining coal face in longwall.

This solution use a shearer in one direction from top to bottom. The movement direction
of the machine from bottom to top is done in the form of no-load movement. The control of
shearer in the direction from top to bottom has create the device thrust upward reduce the
slippage effect of the face conveyor indirectly to reduce the slippage effect of the support
because the support and the face conveyor are always linked together.

Figure 9. Diagram of shearer mining coal faceshearer

This solution has been applied at the longwall 10121, 12 mines of Lao Oc Co mine, Quy
Chau province (China), exploiting seams with thickness 1.5 + 5.5 m, average 3.5 m, dip angle
32 + 45°. Synchronous equipment includes the ZFQ4000/15/26 power support, combine
MXG-250/600QWD and the SZ730/400 face conveyor for a 190,000 tons/year capacity.

In order to reduce the influence of the seam dip angle, the coal mine has organized a
mining diagram in one direction from top to bottom, the direction of the moving upwards is
done in the form of no-load. Accordingly, when the coal face is cut, the previous cutting
drum of the shearer cuts off the top coal, the next one cuts the flat coal, each one arranges a
driver. Due to the steep angle of the longwall, during the time of coal mining, the machine
operator must stand inside the column of anti-rig pillars, use the control to manipulate the
control of the machine to avoid falling coal and rock. Due to the longwall dip angle is large,
after cutting coal, the moving position of the support is at least 20 m from the combination
of the shearer, to prevent rolling rock from causing accidents for workers at the time of
moving the support apply the sequence from bottom to top.

4. Solution top coal cavingand reduce the dip angle of the conveyor gateway area of the
longwall.

This solution is only applied to mechanized longwall top coal caving. Characteristics of
the mechanized longwall top coal caving is that after the recovery, the exposed area of the
support on the top coal is significantly reduced and under the influence of the dip angle, the
rear base of power support tends to drift downwards in steep direction, making the support
less stable.

In order to overcome this phenomenon, it is possible to arrange a conveyor gateway
located on the side of the roof to create the scope of the foot of the longwall create a segment
with a low slope angle (Figure 10). At the same time, increasing the recovery progress of
coal (usually, after about 2 steps of exploiting and executing the recovery of coal down). This
solution can improve the stability of the support by indirectly increasing the contact area of



the support with the top coal and a part of the foot of the longwall with a low, almost non-
slip slope will create a base for the support will not drift down.

Figure 10. Preparation diagram to reduce slope angle at the foot of the longwall

This solution has been applied in the longwall 44407 at Vuong Gia Son coal mine - Noi
Mong area to exploit soft coal seam (f = 1), thickness of 13.5 + 23m, dip angle 38 + 49°. The
length of longwall is 145m, located at a depth of 260 + 320m compared to the topographic
surface with longwall height is 2.4m (the remaining coal is lowered to the ceiling) with a
capacity of 53,000 tons/month. In addition, at the longwall 5335 U Lan mine - Noi Mong
area has also applied mining mechanization technology in very soft coal seam conditions (f
= 0.6 + 1.2), average coal seam thickness 8.0 m, dip angle from 25 + 35°. The length of the
longwall according to the line of dip is 110 m, the depth of exploitation is -350 m compared
to the topographic surface, the longwall output reaches 70,000 + 80,000 tons/month.

II. Conclusion

Some solutions for enlarging the application scope of the fully mechanized longwall
mining technology at underground coal mines as above, limiting the adverse effects of seam
dip angle has been drawn from practical experience in underground mines around the world.
The consideration of the application of the above solutions may help mechanized longwalls
at Quangninh underground coal mines to improve the exploitation efficiency.
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Abstract

Air leakage of auxiliary ventilation ducting systems is the most common
reason for the insufficient fresh air in the working face in underground mine.
This value is important design parameter for mine auxiliary ventilation
system that operates more effectively, with lower cost.

Therefore, determination of air leakage along auxiliary ventilation ducting
systems has been examined. Also, factors which affect air leakage in the
ducting system have been investigated. Experimental data are made on 0.7
m and 1 m diameter ducts over sections of ducts installing towards the
working face in Quang Ninh mine.

Keywords: air leakage, auxiliary ventilation, duct, analytic function,
working face.

Introduction

In Quang Ninh, coal underground mines have high methane content and total length of
new driven roadways is large for expanding mining areas and growing coal output. Therefore,
ventilation is one of the most important considerations in coal underground mines.
Ventilation efficiency depends on fan performance parameters and duct aerodynamic
characteristics. The most common auxiliary ventilation system is comprised the ductwork
and the axial fan. Flexible duct used is lightweight, easy to handle and install. However,
ventilation ducting system leakage can, in many cases, supply an insufficient quantity of air
to provide a healthy, safe environment in the workplace.

In Viet Nam, in the past, due to flexible ducts were often imported from abroad,
parameters of the duct as duct leakage, duct resistance were referenced from abroad
handbook to design the auxiliary ventilation system. However, currently, flexible ducts have



often been produced domestically, determination of a relationship of the duct leakage and the
duct aerodynamic characteristic must been undertaken.

The result is also the basis for making plan to equip ducts and fans for the auxiliary
ventilation system in Quang Ninh coal underground mine.

Theory of duct leakage

Factors affecting on air leakage through the duct

A literature review on air permeability of different duct materials shows that flexible duct
usually has a greater air leakage than other types of the duct [1, 2 and 3]. This is due to the
fact that duct fabrication was previously unsatisfactory. However, in recent years, flexible
duct has been improved quality. It shown that in some mines, amount of duct leakage has
small, but in the case of poor installation practices, air leakage is high.

Factors such as duct size and diameter, aerodynamic parameters in duct airflow
influencing on duct air leakage have been examined.

Ducts of different sizes and diameters

Air leakage of the ducting system is affected by the length of duct. Obviously, when the
duct length is longer, the ducting system requires more joints. For flexible ducting system,
air leakage through these joints cannot be avoided. The degree of the air leakage in the
ducting system depends on duct diameter; if the duct diameter - D is larger, the degree of the
leakage is smaller due to the resistance of the duct that is inversely proportional to D3[1].

In practice, in Quang Ninh mines, PVC coated fabric duct is suitable for high
power fan in order to reduce level of the air leakage and increase durability of the ducting
system, especially at site where a duct connects to the fan.

Duct is available in various lengths, generally in 10-50 m lengths but the ducts of 20 m
length are common used in Quang Ninh mines. Typical duct diameters range between 0.6 m
and 0.8 m but rarely can use as 100 m.

Table 1. Different diameter types of the double-sided PVC coated duct used in Ha Lam mine (Dec.

2018)
Diameter Cost Tot‘al length of Length of the duct m

mm 103 VND/m| ducting system m

500 101 800 20
600 125 1800 20
700 150 2600 20
800 177 2000 20
1000 216 2000 20

Aerodynamic parameters

Aerodynamic parameters which, is factors, determine level of air leakage through ducting
system. Many researchers have shown that air leakage is proportional to airflow through the
ducting system [2, 3, 4 and 5].

Pressure loss H influences degree of air leakage through ducting system. However, at
value of H>200 mmH,O, the air leakage is significantly reduced [2]. In practice, the pressure



is always greatest adjacent to the fan and so air leakage at the location near the fan leaks
significantly more than that at location further away. It was shown that at the pressure of 150
daPa — the pressure inside ducting system during mining roadways being driven in mine, air
pressure along length of the duct remains stable due to duct material that protects elastic
deformation [5]. However, increasing the pressure to 2000-3000 daPa, permeability through
ducting system increases the two — three folds. These pressure values are much higher than
the pressure value inside the ducting system during working operations (the highest pressure
value is 500-700 mmH,0).

Auxiliary ventilation in mining roadways being driven in Quang Ninh underground
mine

Auxiliary ventilation systems used is the force system, in which the fresh air is led to the
face through the fabric duct. Fabric ducts and different types of fans are used for the auxiliary
ventilation system. The hundreds of auxiliary fans are required for example, over 100 fans in
Mao Khe, Vang Danh coal mines.

At present, roadways in Quang Ninh coal mines have a cross-section 10-15 m?,
maximum 30-32 m?, over ten thousands meters of new driven roadways are driven annually.
In order to expand mining areas, two inclined shafts with the length of over 1600 m and 1
km in Khe Cham and Mao Khe Coal mine respectively have been done. Due to coal mining
activities extending to the depth, the lengths of the roadway for getting one thousand tons of
coal become longer, for example, from 11-12 m increase up to 17-18 m in Mao Khe, Hon
Gai and Ha Long coal mine; particularly up to 20-25 m in Giap Khau, Dong Vong mine in
certain years.

In underground mining operation, it is necessary to provide sufficient airflow requirement
to ensure a healthy, safe environment in the workplace. Improper selection of fans and ducts
can degrade the effectiveness of the ventilation system and increase the cost of ventilating
the mine.

Model for duct leakage

Duct leakage

When air flow is moved in ducting system, air leakage is always presented. Air leakage
is a complicated aerodynamic phenomenon. If there is not air leakage through the duct, the
pressure of the fan generated and the air flow throughout the ducting system can be described
by a model quite accurately. Air leakage can be described in the following two physical
models [6].

*  Discrete — air leakage leaks through joints of ductwork
*  Continuous — randomly distributed outlets along the ductwork walls.

For estimating level of the air leakage, the researcher [7] proposed the flow of the air
leakage leaks in turbulent flow mode; but researcher [8] proposed flow of the air leakage in
laminar flow mode. The work [9] shown that the mode of the air leakage is quite complicated
and close to exponential function. Therefore, the results of the air leakage coefficient have
been shown in the form of tables or graphs for certain types of duct.

Duct leakage in Quang Ninh mine



With fabric duct being used in Quang Ninh coal mines, it shows that air leakage depends on
duct fabrication, installation and maintenance of the ductwork as well as the usage time in
certain conditions in mine.

Level of air leakage is mainly influenced by the following factors: total length, diameter
of the ducting and airflow in the ducting system:

¢ Currently, in Quang Ninth mines, airflow volume Qg supplying to the face
changes from 2 to 8 m’/s for the duct of D = 0.6 + 0.8 m; sometimes 1.0 m for large
cross-section roadway.

*  When the length of the duct is extended from 100 m to 700, 800 m, air leakage will
increase quite markedly. Leakage sometimes exceeds 15-20% initial flow volume
designed over 100 m ducting length.

Relationship between air leakage and parameters of duct

It is shown how to derive the function indicating a relationship between leakage
coefficient p and ducting length L (m), airflow in ducting system Q (m?/s) supplied to the
working face for different diameters of the duct:

p=f(LQ) M

Accordingly, assuming that air leakage coefficient in the ductwork can be described to
be in the form of:

p=14c*L%=xQP )

Where: p: Leakage coefficient;
L: Duct length, m;
Q: Quantity of airflow in the ducting system, m%/s;
a, b, c: constants.
The way to linear the equation (2) is to use the natural logarithm equation (2).

In(p — 1) = Inc + alnL + blnQ 3)
With ducting length L;, the quantity of airflow in the ducting system Q; is measured; the

air leakage coefficient p;is calculated as p; = %;

Where: Qo the quantity of airflow beyond the fan, m’/s;
Qi the quantity of airflow reaching the end of the ducting length - L;.

The experimental data are made on 0.7 m and 1 m diameter ducts over sections of ducts
installing towards the working face in actual field conditions in Ha Lam coal mine.

Each set of data: In (pi), In (Li) and In (Q;) under given data — duct diameter, with i=1,
2..n.

Linear regression analysis by using Stata software to fit these experimental data can
derive the relationship between the air leakage coefficient, the quantity of the air in the
ductwork and the ducting length. Therefore, the air leakage coefficient for the ductwork of
0.7 m diameter can be estimated based on the experimental data (Table 2) at Ha Lam Coal
mine by the regression method.

As a result obtained from Stata software, the air leakage coefficient for the duct of 0.7m
diameter can be found based on data at Ha Lam Coal mine:

p = 1+ 2.0042048. 10—4 * L1.051706 % Q0.677522



L max: Duct length total 4)



Table 2: Experimental data for the duct of 0.7m diameter measured at Ha Lam Coal mine

Values of pi, Qi correspond to ductwork length Li; when
The Face Qo | L max | Qtace extending driven roadways
m¥s| m | m¥s p Li L Ls
Q1 Li/P1 Q: L2/P2 Qs L3/P3
Haul Road 80 160 290
level -185+-160 68 | 290 | 50 | 1261 | 64 5.8 5.0
Area I1I- Seam 11 1.063 1.104 1.261
Ven. Roadways 89 120 180
level -270+ -250 52 | 190 | 4.8 1.1554 4.9 49 4.8
Area III - Seam 10 1.06 1.106 1.123
Ven. Roadways 120 160 240
level -50 52 | 245 | 45 1.1304 5 49 4.5
Area VI - Seam 10 1.102 1.091 1.16
Ven. Roadways 30 60 20
level -70+ -60 52 | 120 | 4.7 1.0612 5.0 5 49
Area II- Seam 10 1.02 1.04 1.0612
60 120 250
Ven. Roadways of the | ¢ o | 158 | 55 | 13077 | 62 5.8 5.2
Long wall 7-3.1 1.033 1.104 1.248
Ven. Roadways 80 225
Level -290 6.8 | 235 | 5.5 1.236 6.6 5.8
Areal - Seam 7 1.061 1.172

L max: Duct length total



Table 3: Experimental data for the duct of 1m diameter measured at Ha Lam Coal mine.

L max | Values of pi, Qi correspond to ductwork length Li when extending driven roadways
The Face Qo Qface
m3/s m3/S
p Q1| Li/P1 | Q2| L2/P2| Qs | La/P3| Q4 |La/P4| Qs | Ls/Ps| Qs | Leé/Ps | Q7| L7/P7
vent. Haul 900 50 140 320 600 740 760
Roadways 9.1 9 8.6 7.8 7.6 7.2
-290 =+ -210 92169
Arealll to IV, 1.334 1.011 1.023 1.09 1.179 1.211 1.278
Seam 10
1280 180 370 540 740 860 960 1180
\’7‘32' lR‘éadwags 12.2] 8.6 1.1 10.8 10.3 9.8 9.6 9.2 8.8
4.1 seam 1.419 1.099 1.129 1.184 1.244 1.271 1.336 1.386
1250 180 380 500 680 780 920 1160
Haul Roadways, |, 5| ¢ g 11.6 10.7 10.2 9.8 9.2 9 8.6
2.1 Seam 7
1.419 1.051 1.14 1.22 1.245 1.2708 1.355 1.418




Use the F-test can evaluate Pro (F) = 0.0000 with significance level is 0.5. This low a
value would imply that the regression parameters are nonzero and the regression equation
does have some validity in fitting the data.

Data set (Table 3) for the duct of 1m diameter at Ha Lam Coal mine have been analyzed
as the same above. So that, it can be found:

p =1+2.554.1075 » L1164 x 0686 (5)

Prob > F = 0.0000 with significance level is 0.5. This implies that the regression equation
does have some validity in fitting the data.

Conclusion

In Quang Ninh mine, Viet Nam, in the past, fabric ducts were often imported from abroad,
so that parameters of duct as duct leakage, duct resistance were referenced from abroad
handbook. However at present, there is no data of the leakage coefficient of the duct produced
domestically. Accurately estimating the leakage coefficient is thus crucially important to
proper duct sizing and fan selection.

The leakage coefficient of the ductwork can be determined based on the general
evaluation of the influence of the factors, in which the duct length and diameter, airflow in
the ductwork are very important.

A conceptual prediction model has been proposed based on the experimental data at Ha
Lam Coal mine. Using linear regression analysis to fit these experimental data can estimated
the air leakage coefficient in the ducting systems in Ha Lam coal underground mine.

Also, the research result has been used to optimize the auxiliary ventilation system.
Optimization of the auxiliary ventilation system can save cost and energy.
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Abstract: The coal reserves in protection pillar of roadways are expected to be left in the mining process
in underground mines in Quangninh coal basin which is relatively large (about 16% of the total reserves).
If it can be exploited, it will help to save non-renewable coal resources, reduce the cost of preparing
roadway meters, extend the mine life and increase the efficiency of construction investment. In the world,
in order to reduce coal loss in protection pillar of roadways, mining technology to exploit and use artificial
protection pillars are quite popular. Accordingly, in order to simultaneously exploit coal in the protection
pillar and maintain the transport roadway as a ventilation roadway for the longwall in below level, the
post-mining coal pillar will be replaced by artificial pillars formed from the stone backfill cribs, columns,
metal cribs, chemical materials or low-grade concrete mortar mixes formed from fly ash, bottom ash of
thermal power plants, combined crushed waste rock and a cement additive,... This paper will evaluate the
possibility and propose a number of mining technological scheme as well as the type of construction
materials suitable for artificial columns.

1. Introduction

In the underground coal mines of Quang Ninh region, longwall mining system is widely applied and always
contributes most of the coal output. In this mining system, in order to maintain the transportation roadway in the coal
seam of the upper stratified as a ventilation roadway for the lower-level longwall mining, the mining process along the
axis of coal will leave a coal cribs bordering the transportation roadway as a protection pillar. Depending on the depth
of exploitation, the geological characteristics of the area the roadways have to be protected, the coal pillar is in the
direction of slope from 15 + 20m, corresponding to the coal reserve of about 13 + 15% of the total coal reserve.
Dynamic in the mining space of the longwall mining (length of longwall in the direction of popular slope from 100 +
150m). This is a ready-to-be-delineated reserve of prepared roadways, if it can be exploited, it will allow significant
savings of non-renewable coal resources, reducing the risk of endogenous fire in arecas with coal spontaneous
combustion. At the same time, the coal mining in the protection pillars will make use of the existing constructions, so
they do not have to pay for the cost of mining depreciation, contributing to reducing the cost of meters for preparation
roadway, thereby allowing reducing production costs, prolonging mine life and increasing construction investment
efficiency. To solve this problem, the mining technology scheme of using artificial pillars to replace coal-protection
pillars for preparation roadways has been successfully applied in many countries around the world, effectively meeting
the requirements.

2. Experience of applying artificial pillars to replace coal pillars to hold up the preparation adits in the world

Technology to exploit and use artificial pillars to replace coal pillars to hold up the preparation roadway has been
widely applied in the world. In particular, the materials used for the construction of the pillars can be clustered columns,
wooden/metal cribs, backfilling brick/stone masonry or chemical materials. Recently, the material is a low-grade
concrete mixture composed of ash and ash from thermal power plants, crushed waste rock combined with additives,
cement is also applied and becoming more and more popular. The overview is as follows:

2.1. Artificial pillars are made of backfill stone

The artificial protection pillars by backfill stone is applied when exploiting coal seams of small thickness (usually
below 2.0m) according to the seamless front exploitation system, driving the preparation roadway in accordance with
the enlarged front scheme. In order for the working space to meet the prescribed requirements, the cross section of
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longwall, the cross section of ventilation roadway and the cross section of transportation roadway have to be dug by
carried forward will have to cut off part of the floor or roof. Stone after cutting will be transported to the scope of
construction of artificial protection pillars, which will simultaneously allow maximum exploitation of resources, not
transporting stones out of the door and limiting the risk of fire endogenous (Figure 1). This method was previously used
quite popularly in the former Soviet Union (Centeralnaya-Bokovskaya mine exploited the coal seam No.51
Nadbokovskiy with a thickness of 1.0m; Volodarskiy mine exploited the coal seam H8, Maidannovskiy with thickness
of 1.1+1.15m [2-4]).

SECTION A-A

T

Yat ey

a. In case of large slope angle b. In case of small slope angle (<15%)

1 - scraper conveyor in longwall ; 2, 3 - scraper conveyor for transporting coal; 4.6 - Stone backfill stone from
blasting stones at longwall along seam 5; 5 - transportation roadway along seam

Figure 1. Diagram of construction for artificial pillars by stone backfill according to the exploitation system closely face

Construction diagram as shown in Figure | has disadvantages of backfill stone with large shrinkage so the area of
using preparation roadway is expected to decline sharply after construction. In addition, the lower-floor longwall
mining (if any) in the mining process will have to pass through the insertion stone 4 (Figure 1b) of the expanded stage
longwall -face or to dig the new ventilation roadway (Figure la), so basically only applicable to the final longwall
mining in the floor. This disadvantage will be overcome when organizing concurrent excavation of transport roadway
(upper-floor longwall), ventilation (lower-floor longwall) by expanding face of longwall. Then, the coal pillars between
the two roadways will be exploited to create storage space for waste rock from the longwall mining along the seam
during excavation (Figure 2) without having to be transported out; the ventilation work is done by low pressure. General
should be simple and cost-effective.

For example, this scheme has been applied in Russia could include Lugansugol coal mine (construction of roadway
along the coal seam in a thickness of 1.5 =+ 1.8m, excavation area of 14.5 m?, excavation by blasting drilling) combined
with the slitting machine, the excavation speed reaches 501 m/month) and Kalininygol mine in Tula coal region
(construction of roadway along the seams in coal seams with a thickness of 1.2 = 1.5 m, excavation area of 8.0 m?,
using ITK-3 Combain, speed reaches 1,635 m/month). In China, the Ba Yi Coal Mine (Shandong province) also applies
this scheme to construct pairs of ventilation roadway and transportation roadway when exploiting the coal seam No.16
with a thickness of 0.8 m; the road is in square shape. Height and the width of the roadway is 2.0 m, the length of the
extended face section between the two stone-insulated roadway is 8.0m.
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Figure 2. Construction diagram for artificial pillars by backfill stone according to the long-column exploitation system in the
direction



2.2. Artificial pillars of crib form, clustered columns and support pillar

Artificial protection pillar made by clustered columns, wooden cribs, or support pillar are applied in larger coal
seams. With protection pillar a crib form, to increase load capacity, it can be reinforced by filling the gap between by
waste rock, sandbag, cement or mineralized material (chemical). Research by Polish scientists [7] has shown that the
maximum compressive strength of wooden cribs is only 44 kN, but when filled with mineralized materials is increased
to 166 kN, by sand bags 116 kN, (sand can be replaced with waste rock) 119 kN, details are shown in Figure 3.
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Figure 3. Comparison of compressive resistance strength and deformation level of crib according to fill material [7]

The concrete protection pillar was tested at Ziemowit mine (Poland). The concrete protection pillar with a diameter
of 0.6m, is used to protect the roadway along the seam with the height from 4.0+4.3m, width of 5.0+5.5m when
exploiting the longwall 902 and 904 at the seam No0.209 (seam thickness 4.5m, slope angle 4°). The results of
successful application, the protected adits ensure the required size as a ventilation adit for the next longwall (903 and
905), reducing 30 + 60% of the cost compared to the new digging (Figure 4). However, this solution will not solve the
problem of air leakage and gas, heat, water from the exploited area into the adjacent longwal.
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Figure 4. Results of applying solutions to replace coal pillars to hold up the roadway prepared by concrete pillars at Ziemowit mine
(Poland)

2.3. Artificial pillars are continuous stone strip



To overcome the disadvantages of the structure of artificial protection pillars by columns, crib or concrete pillars
(high timber costs, potential fire, air leakage, gas, heat, water from the exploited area), some underground mines in the
world have built artificial pillars to form continuous stone strips at the edge of the roadway to be protected, thereby
ensuring tightness and good isolation of the area exploited. Artificial pillars have the same height as the coal seams
exploited, the width depends on the bearing capacity and construction materials, but usually equal to 0.7+1.1 times the
thickness of seams. In Poland, materials used to build protective pillars are usually formed from a mixture of water,
cement, fly ash and other solid aggregates to increase the compression resistance of the pillar. The pillar after
construction from 6+7 hours will freeze under pressure, after 28 days the compressive capacity can reach 24 MPa [6].

In China, the replacement of coal pillars with artificial pillars is also quite popular. It can be mentioned that Xin
Yuan Mine (Yang Mei Coal Group, Shandong Province) applied this solution to protect the roadway along the seam
and supply clean air for the synchronized mechanization longwall mining 3107 at the seam No.3. (thickness of 2.8m,
slope angle of 40°). The roadway is anti-anchor reinforced plastic combined with cable anchors, width of 4.0m, and
height of 2.8m, length of roadway of 1592m, depth of topographic terrain surface of S00m. The artificial strip pillar is
constructed with a mineralized mixture (chemical) of high water content (chemical-water-additive ratio is 1-5-1),
pillar’s size: height x width is 2.8x2.0 m, pierced through the pillar’s body are arranged with additional steel anchors to
increase compression resistance. The results of application are good, the size of the road ensures the requirements, and
the stable strip pillar is not destroyed, the maximum mine pressure affecting the pillar is 12.75 MPa, details are shown
in Figure 4 [13].

a. Location of construction for artificial strip pillar b. The artificial pillar has been completed

Figure 4. Artificial pillar strip o the preparation roadway at Xin Yuan mine, Yang Mei Coal Group, Shandong Province

Besides the advantages of ease of construction, high bearing capacity, fast execution time, less shrinkage, good
isolation of exploited areas, solutions for construction of artificial pillar by chemical materials with disadvantages: The
point is high cost. Recently, a number of mines in China such as Duan Tai, Xi Nan, Wo Long Hu, Ping Mei, Da
Zhuang, ... have used construction materials for artificial protection pillar of materials including mixed Combine fly
ash, bottom ash of thermal power plant; combine a quantity of cement additive. The results of application are as good as
chemical materials, while the cost is significantly reduced. At the same time, the use of fly ash and bottom ash also
allows the settlement of a large amount of solid waste from thermal power plants in neighboring areas [8-12].

3. Potential of using artificial pillars to replace coal pillars to hold up preparation adits in Vietnamese
underground mines

Evaluation results from applied 12 underground coal mines in Quang Ninh area (as Mao Khe, Vang Danh, Nam
Mau, etc...) [1] showed that the reserves in the coal protection pillar are expected to be left in the mining process about
150.2 million tonnes, accounting for 16.25% of the total coal reserves (924.2 million tons). These are available reserves,
will be zoned by the preparation roadway there its the longwall mining area, the reliability will be certain, if exploited,
it will reduce the loss of resources and improve construction investment efficiency for mine, details see figure 6.
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Figure 6. Coal reserves distribution in protection pillars according to mine projects

For the Vietnamese mining industry, the width of the coal pillar protecting the preparation adit is usually determined
according to the formulas of Professor Protodiakonov [5] as follows:

Where:

cosa
5

L, >

L,xH
/

X g X =, (m)

L4 - Length of slope direction of the longwall mining, m;

a - Slope angle of coal seam, degree;

H - Average mining depth, m;

f - Solid coefficient of floor rock according to the scale of Protodiakonov;
€ - Coefficient refers to the strength of coal and roof rock.

From the formula (1) mentioned above, the depth of exploitation factor has a great influence and is proportional to
the size of the protection coal pillar. Underground coal mines in Quang Ninh are exploiting the upper floors of the
mine’s project, the exploitation depth compared to the surface of the terrain is not large; the size of coal pillars protects
in the preparation roadways. Has ranged from 15+20m. According to the plan of the underground coal mines, in the
coming time, it will have to dig deeper (550+~750m compared to the terrain surface [1], see Table 1 in detail), then the
size of the protection pillar will increase, proportional to with it, coal losses also increase.

Table 1: Plan to go deep in some underground coal mines in Quang Ninh region

Name of coal Average depth, m
No. . Mining level (calculated for the
mine
deepest level)
Level -50 +-300
1 Ha Lam 550 = 600
Level II -300 ~-450
Level I +125 +-50
2 Nam Mau 645 + 695
Level II -50 +-200
Level I +0+-175
3 Vang Danh Level II -175 +-300 700 + 750
Level II -50 +-150
Level I +38 +-100
4 Duong Huy Level II -100 +-250 590 + 640
Level 111 -250 +-350
Level I -35+-120
5 Thong Nhat 615 + 665
Level II -120 = -350
6 Quang Hanh Level I -50 = -175 500 =550




Level I -175 +-300
Level I -100 +~-250

7 Mong Duong Level IT -250 +-400 650 =+ 700
Level 111 -400 +-550
Level I -100 +-300

8 Khe Cham 550 + 600
Level IT -300 + -450

From the above analysis, combining experience in the world shows that the application of technology to exploit coal
and use artificial pillars to replace coal pillars to protect preparation roadways in Vietnamese underground coal mines is
very necessary and feasibility. However, due to the specific tropical climate, the annual rainy season is prolonged, the
amount of heavy rainfall, meanwhile, at many mines when exploiting the upper layers, collapsing stone walls appears,
and shifting the cracking of interconnects. To the surface of the terrain, the problem of surface water infiltrating /
flowing into the exploited area, then exporting to the lower exploitation floor is entirely possible. Therefore, the
solution use the artificial materials and structures to replace protective coal pillars applied in Vietnamese underground
mines must have some adjustments to suit the actual conditions. On that basis, in the conditions of Vietnam, it is
possible to apply some solutions to use artificial pillars to replace coal pillars to protect the preparation adits in the
process of exploitation as follows:

- (1) Using artificial protection pillars are stone strips. To overcome the disadvantages of high shrinkage, wind
leakage, it is possible to add a concrete mortar of low-grade concrete (cement or fly ash of thermal power plant) to the
stone strip inserted after construction. This solution can be applied to reservoir conditions up to 2.0m thick, the area is
less affected by surface water and groundwater. For details see Figure 7.
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Figure 7. Artificial pillars formed by stone backfill

- (2) Using artificial protection pillars are in the form of wooden crib structured (inside filled with waste rock, sand
bags or mineralized materials) or by concrete pillars: This type of artificial pillar can be applied to seam conditions has
large thickness (experience at Ziemowit mine is up to 4.5m). Similar to the solution of using stone inserts, the structure
of artificial pillars of this type is also not suitable for application in areas affected by surface water and groundwater. In
particular, in the coal seam area with self-burning coal characteristics, this solution will not be applied due to the
disadvantages of wind leakage into large mining areas, easily leading to the burning of protection coal pillars in the
area.

- (3) Using artificial protection pillars in continuous strips: Materials used to build artificial pillars are chemical
materials (chemical mineral) or concrete mixes including fly ash, bottom ash of thermal power plants, combined a
quantity of cement additives (Figure 8). This solution will be suitable to use for many conditions of different seam
thickness, good isolation ability should be applied to areas affected by surface water, groundwater as well as in coal
mining conditions. Capable of self-igniting. Besides, in the conditions of Vietnam, Quang Ninh province is currently
the province with the most coal-fired power plants in the country with a total generating capacity of about 5,550 MW,
equivalent to the amount of ash discharged annually about 7.5 million tons/year, is a huge challenge for thermal power
plants in storage and handling issues to ensure the safety of the living environment of local residents and the regional
landscape. If it is possible to use ash to build artificial pillars to protect the preparation adits during coal mining in the
underground mines of Quang Ninh, at the same time as reducing coal loss, it will also contribute to reducing the
pressure load. Above forces for thermal power plants.
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Figure 8. Technological diagram of exploitation and use of artificial pillars made of chemicals or concrete mixtures

4. Conclusion

Applying technology to use artificial pillar to replace coal pillars to hold up the preparation roadways during coal
mining in Vietnamese underground coal mines is necessary to reduce the loss of non-renewable coal resources and the
cost for a meter of preparation adits, production costs and improve the efficiency of mine construction investment.
However, the Vietnamese mining industry has not had much experience; there is also no in-depth research on this field.
The solutions given by the authors in the basic scope of the report only at the proposed level based on foreign
experience. Therefore, in order to meet the requirements of Vietnam's coal industry, it is necessary to study and
cooperate with experienced foreign partners (eg Poland) to jointly research and apply the technology testing using
artificial pillars to replace protective coal pillars in real conditions at Vietnamese underground coal mines, as a basis
for evaluating, improving and replicating technology.
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Pure SiO, extraction through aluminosilicates synthesis from incinerated solid wastes
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Abstract. In this study, Pure SiO, solution extraction from incenerated
solid wastes following after aluminosilicate synthesis. The optimum
conditions for obtaining both the pure SiO, solution and the substantial
amounts of unique residue material should be 200°C of reaction
temperature, 1:30 of sample:NaOH, 2M NaOH, and enough reaction time
over 24 hours. The optimization of the pure SiO, extraction proposes an
effective way for recycling the abundant incinerated solid waste as well as
other waste ashes.

Keywords: Solid wastes, Coal fly ash, Synthesis, SiO2 solution extraction

1. Introduction

In Vietnam, many incinerators have been built for disposing waste and also for
generating electric power. Incineration is one of effective ways to reduce the great volume
and weight of municipal solid waste (MSW). However, in terms of byproduct, incinerating
MSW has produced a big amount of solid residual materials daily. The solid residual
material is also a waste, called the incinerated solid waste, which is generally hazardous in
nature. Due to the limited landfill space and environmental problems, the recycling of this
solid waste is a necessary and burning issue.

Recently, several approaches have been made to minimize the environmental impacts
from coal fly ash as well as to recycle them effectively. As the main components of the coal
fly ash are similar to these of natural zeolites with high amount of SiO,, Al,O5, one of the
most common approaches for recycling this ash is converting to different types of zeolite
such as phillipsite, zeolite Na-P1, zeolite X and faujasite [1] [2] [3]. Zeolites are useful
materials with high ion exchange property and are usually applied to environmental
treatment such as uptake of heavy metals from polluted waste water [4] [5] [6].

Similar to coal fly ash, chemical composition of the incinerated solid waste mainly
consists of SiO, and Al,O3. Some reports of conversion this type of waste to zeolite have
been published. Yang et al. successfully synthesized zeolite from the municipal incinerator
fly ash [7]. Fan et al. synthesized zeolite X and hydroxy-sodalite from waste ash from
MSW and coal co-combustion power plant and applied them to Zn?* contaminated
wastewater treatment [8]. In practice, during processing of zeolite synthesis, Si and Al are
the major components extracted from the raw waste ash with other cations such as Na, K,
Ca, and Mg to form zeolites. The previous studies were only focused on synthesizing
zeolites using some waste raw materials, but not concerned about residual solution after
synthesizing zeolites. In general, if some aluminosilicate, such as zeolites, are synthesized
from the waste raw material with high Si content, a substantial amount of dissolved Si
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would be fixed into the structure of synthesized phases with Al and other cations, but the
excess of Si would still remain in the residual solution as the only dominant cation. That is,
the synthesized aluminosilicates would be a great role filtering the dissolved cations from
the solution. The purity and quantity of dissolved Si in the solution should be determined
by the type, quantity, and quality of synthesized aluminosilicate, which is depending on the
factors, such as the reaction temperature, the ratio of solid/solution, the concentration of
NaOH solution, and the reaction time. In this study, the authors considered how to extract
the pure SiO, solution effectively from the incinerated solid waste following after
aluminosilicate synthesis. Several researchers have tried to extract pure SiO, from coal fly
ash in the previous step for zeolite synthesis [9] [10] [11], but not to get pure SiO, as a final
product. The pure SiO, can be used for industrial applications as fumed silica, raw material
for semiconductor, and a source for synthesis of zeolite and other silicates, etc.

In this study, we considered how to extract the pure SiO, solution effectively from the
incinerated solid waste following after aluminosilicate synthesis. Several researchers have
tried to extract pure SiO, from coal fly ash in the previous step for zeolite synthesis, but not
to get pure SiO, as a final product. Therefore, the objective of this study is to establish the
optimal condition for the pure SiO, extraction and to define the factors, controlling the
purity and quantity of the extracted SiO,. The results may be applied to effectively
recycling a huge amount of the incinerated solid waste from municipal incineration plants
as well as other sources of waste ashes.

2. Experimental
2.1. Materials

The incinerated solid waste samples used in this study were collected from a municipal
incineration plant of the Uong Bi Thermal Power Plant at Uong Bi City, Quang Ninh
Province. These were considered to be representative of the production of that plant.
Depending on the cooling methods after incineration, the solid wastes were divided into
two types. One was cooled quickly using water (WCS, water cooling sample) and the other
was cooled by air condition (ACS, air cooling sample). For each type of sample, it was
ground into small particles by using ball-mill grinder for 15 minutes and then mixed
thoroughly. The powder with under 75um (200-mesh sieve) in particle size was used to
synthesize zeolite and to extract SiO, in next steps. Coal fly ash sample was also obtained
from the Cam Pha thermal power plant for comparison.

2.2. Pure SiO, extraction

The mixture of ground sample (3.3 ~ 30 g) and NaOH solution in determined ratios
(1:10, 1:20, and 1:30 g ml™") was reacted at different temperatures (100, 150 and 200 °C) for
different reaction time (1 ~ 9 days) in autoclave system. The concentration of NaOH
solution is also tested with different cases of 1, 2, and 5 M. 25 experimental cases with
different conditions were examined. The reacted solution was then filtered through a
membrane of 0.45 um. The obtained products include the solid residue and the residual Si-
rich solution. The solid residues containing the synthesized zeolite-type materials were
washed with distilled water several times and dried at 100 °C for 1 day. The concentrations
of Si and Al in the extracted solution were determined by using ultraviolet-visible
spectroscopy (UV) for checking the purity and quantity of Si in the solution.. The
experimental scheme for the SiO, extraction process is shown in Figure 1.
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Figure 1. Schematic diagram showing the procedure for the pure SiO2 extraction from the incinerated solid
wastes through zeolite synthesis.

2.3. Characterization

The characteristics of the incinerated solid wastes and synthesized minerals were
determined by using various techniques such as X-ray diffraction (XRD) analysis, scanning
electron microscope (SEM) with energy dispersive X-ray spectroscopy (EDX), Fourier
Transform Infrared (FT-IR) spectroscopy, and specific surface area measurements (BET).

X-ray powder diffraction patterns of the incinerated solid wastes and synthesized
minerals were measured using a Mac Science MXP-3 model powder diffractometer with
Cu-Kao radiation at 40 kV and 30 mA. All samples were scanned from 2 to 70° at a
goniometer rate of 20 = 2°min™". Crystalline phases of materials presenting in the sample
were identified by using the software named Joint Committee of Powder Diffraction
Standards (JCPDS). The relative percentages of the synthesized minerals were calculated
by using FULLPAT method for XRD patterns (Chipera et al., 2002). The morphological
properties and major elements of the incinerated solid wastes and synthesized minerals
were examined by using the scanning electron microscope (SEM) with energy dispersive
X-ray spectroscopy (EDX) [JEOL, JMS 5800]. The FT-IR spectra for the synthesized
minerals were obtained in transmission mode on pellets containing a pressed mixture of
approximately 1.5 mg of the sample and 100 mg of KBr. The IR spectra were recorded in
the range between 4000 and 400 cm™ (PerkinElmer) with 200 scans. The specific surface
area of the products containing zeolites was measured from N, gas adsorption at 77 K by
using NOVA 3200 BET instrument, Quantachrome Corporation, USA.

3. Results and discussion



3.1. The incinerated solid waste properties

The chemical compositions of the raw samples and coal fly ash are shown in Table 1.
The incinerated solid wastes (ACS and WCS) contained mainly SiO, (45.68~47.07 wt.%),
Al,03 (10.25~12.40 wt.%), CaO (10.80~16.14 wt.%), and a little amount of oxides of Fe,
Mg, Na, Mg, K, P, Ti etc. The high content of CaO may be due to the addition of lime into
the incinerator. Some difference in bulk composition between ACS and WCS is probably
due to the inhomogeneity of incinerated solid wastes. Coal fly ash was characterized by the
relatively high SiO, (49.97 wt.%) and the low CaO (3.59 wt.%) contents. The powder of
incinerated solid waste with sizes under 75 pum includes solid particles (SEM images are
not shown here), which are different from coal fly ash particles with hollow sphere
structure [12].

Table 1. Objectives of management in mineral operation.

Component Incinerated solid wastes (wt. %) Coal fly ash
Air cooling Water cooling (Wt. %)

SiO, 45.68 47.07 49.97
TiO, 0.66 0.33 1.38
AlO4 10.25 12.40 21.64
FeO* 6.20 3.13 8.35
MgO 2.80 3.66 1.42
MnO 0.28 0.78 0.23
CaO 16.14 10.80 3.59
Na,O 7.56 9.07 0.56
K0 0.99 0.75 2.83
P,0s 4.65 5.01 3.64
V,0s 0.34 0.64 0.49
Cr,0; 1.24 0.85 2.01
NiO 0.52 1.34 0.74
ZnO 1.87 1.55 2.39
PbO 0.80 1.33 0.77

* Total Fe treated as FeO.

The XRD pattern of the incinerated solid shows a big hump of between 20 to 35° of 26,
indicating the presence of a large amount of amorphous phases in the sample (Figure 2a and
2b), while that of coal fly ash indicates that quartz (SiO,) and mullite (3Al,05-2Si0,) are
main crystalline phases in the sample (Figure 2c) The BET specific surface area of the
incinerated solid wastes powder passed through 200-mesh sieve is around 0.5 m?g™.
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Figure 2. XRD patterns of air cooling sample (ACS) (a), water cooling sample (WCS) (b), and coal fly ash (c)

The high content of SiO, in chemical composition and the presence of a substantial
amount of amorphous aluminosilicates in the samples strongly support that the incinerated
solid wastes should have a great potential as raw materials for effective recycling through
aluminosilicate synthesis and pure SiO, extraction.

3.2. Characterization of residues

Some crystalline materials were synthesized as by-product residues during the
extraction experiments. The type of crystalline phases and the percentage of each type, and
the total percentage of the crystalline phases were determined using XRD analysis and
considered as the potential factors controlling the purity and quantity of extracted SiO,
solution.

These residues were identified by XRD measurements and the patterns were shown in
Figure 3 and 4. Hydroxysodalite (4Na,O-3A1,03-6Si0,-H,0), tobermorite
(Cas(OH),Sig016°4H,0), Na-P1 zeolite (NagAlgSi;q03,-12H,0), hydroxycancrinite
(NayAl;,Si;30s5,-6H,0), and pectolite-1A (NaCa,HSisOg) were identified as the main
materials and the relative percentages of the minerals for each experimental condition were
listed in Table 2.

Tobermorite, the Ca-rich silicate, was observed as a major component in most
conditions for both ACS and WCS (7.8~38.5 %), except the conditions at 200°C for 72
hours for WCSs (No0.22 and 24 in Table 2), where pectolite-1A, another Ca-rich silicate
was identified as a dominant phase (20.6~31.7 %), instead of tobermorite. It is likely that
tobermorite was transformed to pectolite-1A by increasing the reaction time at 200°C. The
dominant occurrence of the Ca-rich phases should be due to high Ca content in bulk
composition. Hydroxysodalite (8.6~22.2 %) and Na-P1 zeolite (3.9~12.4 %) were found in
most conditions at 100°C reaction temperature, while hydroxycancrinite was identified as a
dominant component only in the condition at 200°C for both ACSs (24.4~41.9 %) and
WCSs (12.4~31.2 %) (Figure 3~4 and Table 2). The material in experimental condition of
No.14 (200°C, 1:10 ratio, 5M NaOH, 36 hours) was matched well with typical
hydroxycancrinite (PDF 46-1457) as a dominant phase (41.9 %), but the others in the
conditions at 200°C were matched more with hydroxycancrinite-type unnamed phase (PDF
31-1270) as one of major phases (24.4~39.1 % for ACSs and 12.4~31.2 % for WCSs,
Table 2).
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The sums of the percentage of synthesized residues at 200°C (No.12~15 for ACSs and
No.22~24 for WCSs in Table 2) were much higher than those at 100~150°C, indicating that
the dissolution and crystallization reactions were much more active at 200°C. There was no
distinct difference in the sums of the percentage of synthesized minerals between 1:10 and
1:30 of sample:NaOH ratio at 200°C. For the coal fly ash raw material, hydroxycancrinite-
type phase (unnamed, PDF No. 31-1270) appeared as a dominant phase (71.6 %) with a
little amount of tobermorite (7.8 %) at 200°C, 24 hours, 1:30 of sample:NaOH ratio, and
2M NaOH experimental condition (No0.25 in Table 2), probably due to the difference in
bulk composition. Most of XRD patterns show a little hump between 20 to 35° of 26,
indicating that a significant amount of amorphous phases still remained in the sample.

The existence of the synthesized materials in the reacted residues was also confirmed by
SEM analysis. Figure 5 shows the scanning electron microscope (SEM) and EDX chemical
data of some synthesized materials at the representative conditions. Ca-rich aluminosilicate,
tobermorite, was observed in the condition at 200°C, 24 hours, 1:30 ratio, and 2M NaOH
for WCS (Figure 5a, No. 23 in Table 2), hydroxysodalite was in the condition at 100°C,
24hours, 1:10 ratio, and 2M NaOH for ACS (Figure 5b, No. 3 in Table 2), and
hydroxycancrinite was in the condition at 200°C, 36hours, 1:10 ratio, and 5M NaOH for
ACS (Figure 5c, No. 14 in Table 2). In general, most of the obtained synthetic materials
showed crystalline forms with various size, but not typical, and the substantial amounts of
incinerated solid wastes still remained in the reacted residues, indicating the dissolution and
crystallization reactions were not undergone completely under the given alkaline
conditions.

The specific surface area of the representative synthetic product containing zeolites is
41 m?g™ for ACS at 200°C of reaction temperature, 1:30 of sample/NaOH ratio, 12 hours of
reaction time, 2M of NaOH concentration, and 54 m? g™ is for WCS at 200°C of reaction
temperature, 1:30 of sample/NaOH ratio, 24 hours of reaction time, 2M of NaOH
concentration.




Figure 5. SEM images of the synthesized minerals with the EDX chemical data. {(a) tobermorite at 200°C
of reaction temperature, 1:30 of sample/NaOH ratio, 24 hours of reaction time, and 2M of NaOH
concentration for WCS (No.23 in Table 2); (b) hydroxysodalite at 1000C of reaction temperature, 1:10 of
sample/NaOH ratio, 24 hours of reaction time, and 2M of NaOH concentration for ACS (No. 3 in Table 2);
(c) hydroxycancrinite at 200°C of reaction temperature, 1:10 of sample/NaOH ratio, 36 hours of reaction
time, and 5M of NaOH concentration for ACS (No.14 in Table 2)}.

3.3. Pure SiO, extraction

The results for all experimental conditions of SiO, extraction were summarized in Table
2. The reaction temperature, sample/NaOH solution ratio, reaction time, and the
concentration of NaOH solution were considered as the factors controlling the purity and
quantity of extracted SiO,. The concentrations of Si and Al in the extracted solution and the
yields of extracted SiO, for each condition were also suggested in Table 2. The weight and
the yield of extracted SiO, from the solid waste were calculated using the equations as
follows.

Siconc.insolutionfig/l) 60.085(SiG moleculaneight) ~Solutionvolume(ml)
X X

1000 28.086(Satomicweight) 1000

$i0, (9) =

ExtractedSiO, (g)
Yieldof SiO, extraction(% ) x 100
Weightpercentageof SiO, insamplex Sampleweight(g)

The results revealed that the yields (%) of WCS (6.81 ~ 24.40) were generally higher
than those of ACS (3.07 ~ 15.67). For the ACSs, the concentrations of Al were still high
(19.4 ~ 59.5 mg/l) until 48 hours reaction time with the low values (about 4%) of SiO,
yields at 100°C and 1:10 of sample/NaOH ratio (No.1~4 in Table 2), indicating that the
conditions were not enough for dissolving the raw sample and for synthesizing
aluminosilicates. As mentioned above, the dissolved Al and cations can be removed from
the solution by being fixed into the structure of synthesized aluminosilicates during the
reaction. The concentrations of Al decreased steeply (<10 mg I™) after reacting for 96
hours, due to relatively enough time for zeolite synthesis (No.5~6 in Table 2). At 100°C
and 1:30 of sample/NaOH ratio, the extracted solutions were also pure (low Al
concentrations) after reacting for 96 hours, with the steep increase of SiO, yields
(7.24~14.23 %) (No.7~10 in Table 2). At 200°C and 1:10 of sample/NaOH ratio, Al
concentrations were less than 5mg/l in spite of the relatively short reaction time (<36
hours), but the SiO, yields were very low (3.1~5.6%) (No0.12~14 in Table 2). However, the
SiO, yield dramatically increased to 15.7% at 1:30 ratio with keeping Al concentration low
(5.3 mg I™") (No.15 in Table 2). There is no distinct change in the yield of SiO, extraction at
5 M NaOH and 1:10 ratio (3.09 %) (No.14 in Table 2). At 150°C, 1:20, 1M NaOH, and 48
hours conditions, the SiO, yield was relatively good (12.7 %) (No.11 in Table 2).

For the WCSs, the concentrations of Al were less than 10 mg I for most of
experimental conditions, except No. 18 (11.6 mg I, Table 2) at 100°C, 1:30, 48 hours, and
2M NaOH. The SiO, yield was 6.81 % at 1:10 and 100°C (No0.16 in Table 2), while those
were 13.1~16.6 % at 1:30, 100°C, and 24 ~ 144 hours reaction time (N0.17~20 in Table 2).
There is no distinct change in the yield of SiO, extraction at 150 °C, 1:20, 1 M NaOH, and
48 hours conditions (14.0 %) (No.21 in Table 2). The SiO, yield was maximum (24.4 %) at
200 °C, 1:30, and 24 hours reaction time (No.23 in Table 2), but that is minimum (8.33 %)



at 200 °C, 1:10, and 72 hours reaction time (N0.22 in Table 2). For the coal fly ash, the
SiO, yield was 13.9 % at 200 °C, 1:30, and 24 hours reaction time (No.25 in Table 2).

3.4. Controlling factors pure SiO2 extraction

The experimental results of this study can be summarized as follows; (1) tobermorite,
the Ca-rich silicate, was synthesized as a major component in most conditions for both ACS
and WCS, except the conditions at 200 °C for 72 hours for WCSs, where pectolite-1A,
another Ca-rich silicate, was identified as a dominant phase, instead of tobermorite, (2)
hydroxycancrinite formed as a major phase at 200 °C of reaction temperature, not
depending on the sample/NaOH ratio, (3) the SiO, yield dramatically increased at 1:30 of
sample/NaOH ratio and 200 °C rather than at 1:10 and 100°C with keeping Al
concentration low, even at the short reaction time, (4) the SiO, yields for WCSs were much
higher than for ACSs (Table 2).

Table 2. Summary of the experimental conditions, the percentage of synthesized minerals, and the yield of
Si0, extraction. {' Hydroxysodalite (PDF 41-0009), 2 Tobermorite (PDF 19-0050, 19-1364), * Zeolite Na-
P1 (PDF 39-0219), * Hydroxycancrinite (PDF 46-1457), or Unnamed zeolite (PDF 31-1270), and °
Pectolite-1A (PDF 33-1223). “-” indicates to negligible values, or not detected in XRD patterns}



Reaction conditions Percental%;:):r?;:thesized Solution conc. SiO, solid
No. | Temp-SONd Ratio | mst | 12 | N | B | PP | si Al Yield
COHEEMI O o) | o) | ) | 00| %) | men) | (e %)
L. Air Cooling Samples (ACSs)
1| 100-10-1:1062 | - 899 - | - ; 745.0 59.5 3.94
2 | 100-10-1:10-122 | - [n3s| - | - ; 7283 480 3.85
3 | 100-10-1:10242 |22.16[14.54] - | - ; 774.9 202 4.09
4 | 100-10-1:10482 [12.31]13.11]3.86 | - - 716.7 194 3.79
5 | 100-10-1:10962 | 859 | 9.5 | 59 | - - 770.3 83 4.07
6 | 100-10-1:10-1922 | - [1477[1237] - ; 581.5 3.1 3.07
7 | 10020-1:30242 | - |[845] - | - ; 491.6 56.9 7.79
8 | 10033-1:30-962 |1536[1517] - | - ; 888.9 43 14.23
9 | 10033-1:30-1682 |20.01[1517] - | - - 456.0 8.4 7.30
10 | 1003.3-1:30-216-2 | 8.58 [22.15] 872 | - - 4526 43 7.24
11| 15025-1:2048-1 | - |13.64|886| - ; 1203.0 9.7 12.70
12 | 20030-1:10-122 | - [2793] - [30.12] - 1056.0 24 5.58
13 | 20030-1:10242 | - |17.55] - [2437] - 845.7 34 447
14 | 20030-1:1036-5 | - | 7.8 | - |4187] - 5843 ] 3.09
15 | 200-10-130-122 | - [2881] - [2844] - 988.7 53 15.67
I1. Water Cooling Samples (WCSs)
16 | 100-10-1:10242 | - [14.99]884[ - - 1433.5 35 6.81
17 | 10020-130242 | - [1011] - | - ; 1166.4 53 16.60
18 | 10033-1:30482 | - [1571]793| - ; 1056.1 11.6 15.20
19 | 10033-1:30962 | - [14.76| 896 | - ; 1043.2 72 15.00
20 | 10033-1:30-1442 | - |[1448]10.11] - - 910.5 20 13.10
21 | 150-25-1:20-48-1 | - |11.64] 884 - - 1467.1 3.8 14.00
2 | 20030-1:10722 | - | - | - [31.16] 31.69 17513 48 833
23 | 200-10-1:30242 | - [385| - [1243] - 1709.2 62 24.40
24 | 200-10-1:30-722 | - | - | - [22.00] 2062 1612.4 3.9 23.00
[11. Coal Fly Ash
25 | 200-10-130242 | - |782] - [71e6] - [nman| 47 13.90

These results strongly suggest that only for the maximum yield of pure SiO, extraction,
the conditions with 1:30 of sample/NaOH ratio and 200 °C of reaction temperature should
be required. The reaction time was not an essential factor for increasing the yield of pure
SiO, extraction, but it was an important factor determining the quantity of synthesized
zeolite. For example, the percentage of hydroxycancrinite showed a little increase at 72
hours reaction times with no significant change in the yield of SiO, extraction (No. 25 in
Table 2). The reaction t [1]emperature is a critical factor controlling not only the yield of
SiO, extraction, but the zeolite type (hydroxysodalite and/or Na-P1 zeolite at 100°C, and
hydroxycancrinite at 200 °C) and the quantity (sum of zeolite percentage; 7.9 ~ 22.2% at



100°C, 12.4 ~ 41.9% at 200°C, Table 2). The increase of NaOH concentration should be a
factor to improve zeolite synthesis, but to reduce significantly the yield of SiO, extraction
(No.14 in Table 2). The higher SiO, yields for WCSs rather than those for ACSs indicate
that the fast cooling of the melted wastes in incinerator is better for the SiO, extraction,
owing to the increase of amorphous form. The existence of Ca-rich silicates, tobermorite
and pectolite-1A, is a critical factor reducing the pure SiO, yield by fixing a substantial
amounts of Si into the structure, depending on the molar ratio of Ca:Si in the chemical
formula. If the lime addition was minimized, the yield of SiO, extraction should be
increased distinctly, and a single type of zeolite can be synthesized.

On considering all experimental results, the optimum conditions for obtaining both pure
SiO, and the substantial amounts of unique zeolite should be 200 °C of reaction temperature,
1:30 of sample/NaOH, 2 M NaOH, and enough reaction time over 24 hours.

4. Conclusions

In this study, we have successfully extracted the pure SiO, solution from the hazardous
incinerated solid wastes using alkaline dissolution method. The experimental results can be
summarized by the dramatic increase of pure SiO, yield at 1:30 of sample:NaOH ratio and
200°C, even at the short reaction time, and the relatively high SiO, yields for WCSs rather
than ACSs. The high ratio of sample:NaOH was inevitable for keeping high purity, high
concentration, and high yield of SiO, solution, though it was not proper for economical
extraction. The types of the solid residues precipitated during the reaction had an important
role to control purity and yield of the extracted pure SiO, solution. While the formation of
Ca-rich silicates, tobermorite and pectolite-1A, was a critical factor reducing the yield of
the pure SiO, solution by fixing a substantial amounts of Si into the structure. Therefore the
yield of SiO, extraction and the quality of residue materials can be improved distinctly by
minimizing the addition of Ca-lime into the incinerator.

In conclusion, the optimum conditions for obtaining both the pure SiO, solution and the
substantial amounts of unique residue material should be 200°C of reaction temperature,
1:30 of sample:NaOH, 2M NaOH, and enough reaction time over 24 hours. The
optimization of the pure SiO, extraction proposes an effective way for recycling the
abundant incinerated solid waste as well as other waste ashes.
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Methods of adjusting geophysical parameters in the calculation of
numerical simulation of an oil and gas reservoir to obtain reliable
simulation results

TOAN Phan Trong”

PVEP PetroVietnam Exploration Production Corporation, Branch in Ho Chi Minh city, Vietnam

Abstract. The method of numerical simulation is widely used today to
manage the flow obtained from an oil/gas reservoir. However, the
geophysical data provided for the simulation program is unreliable, so the
numerical simulation results in large errors compared to reality. The paper
presents some methods for correcting geophysical data in numerical
simulation to obtain reliable simulation results.

Introduction

Natural gas and oil are gathered from reservoir by production wells. The assessment of
oil and gas reserves in reservoirs, the forecast of production flow and management of
reservoir resources and others often uses the Digital Simulation Technology (DST) widely.
However, the results of DST are difficult to match the actual reservoir conditions.

The change in pressure in the reservoir gives us a picture of the moving of oil and gas in
the reservoir, so that most of the digital simulation problem will calculate the pressure
distribution in the reservoir in a time period of any. Pressure at any position in the reservoir
can be calculated from the digital simulation, while the pressure measurement at that
position is not possible. Therefore, numerical simulation results always need more
measurement data to standardize. In fact, it is only possible to measure pressure in the
reservoir at some locations with wells. Therefore, the measurement data is not sufficient to
standardize digital simulation results.

This article presents some experience to accurately determine of geophysical parameters
while solving the digital simulation problem to increase conformity actual of digital
simulation results.

Reservoir pressure field determination by numerical simulation

The structure of petroleum reservoir consists of several layers overlapping dimensional
o0z. The thickness of each layer is very small comparing to the length and width of the layer.

“Author email: toanpt@pvep.com.vn



On the other hand, vertical permeability in the reservoir is very small comparing to the
other directions. Therefore, studying a petroleum reservoir can only study any layer
representing the reservoir. A three-dimensional problem of multi-layer research can be
transferred to a two-dimensional problem of studying a class. In order to present the
experience of adjusting the geophysical parameters of the oil and gas reservoir, without
losing the generality of the digital simulation method, this article investigates the digital
solution to solve a two-dimensional boundary problem of finding pressure distribution in a
natural gas reservoir, one-layer structure, thickness h. The reservoir is divided into block
grid. Each element of the grid (cell) is a rectangular box with dimensions like in figure 1.
Block grid elements (called grid cells) are numbered and have a defined position according
to the row index i (along the ox direction) and column index j (along the oy direction) as
Figure 2.

oy
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Figure 1. Image of a block grid. Each block of the grid has dimensions Ax , Ay and h
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Figure 2. 2-dimensional reservoir presented by ox and oy directions. Dark cells form the outer
boundary of the reservoir. Cells are numbered for their position in the reservoir. Location of cell
25 is arranged with production well, which is inter boundary of the reservoir

For example, a two-dimensional boundary problem applies to the gas reservoir as
follows:

two-dimensional partial differential equation with pressure unknown p (pressure
equation) describes pressure changes in the reservoir:

Pp o __oue o
9x2 + dy2 ~ 0.006328k At (1)
conditions of outer boundary:
op op . (2)
o = = =0; p|l. = Pini
Xl Oy, I t




conditions of inner boundary (at well position):
Pw = const<Pinit @)

initial conditions: t=0 at the time of the original reservoir, there were no production
wells; t =ty at any time, the reservoir is in production.

p‘t:O = Pinit (4)
or,
plt:to = Py (5)

Geophysical parameters in the porous environment of the reservoir related to pressure
are as follow:

¢ =¢(p) (6)
= p(p) @)
Kk =x(p) ®)
c=c(p) 9)

Here: pinit, Pk, y)» Pws K, D are respectively the initial pressure, pressure in any position,
well pressure (internal boundary pressure), permeability and height of gas reservoir; c is the

compression coefficient of the gas, u - viscosity of the liquid and ¢ - porosity,
respectively.

At the initial state of reservoir at t = 0, geophysical parameters in each grid cell are
determined by upscalling technology [1,2]. With DST, these data are combined with the
finite difference method [3,4] to find the solution of the boundary problem. The solution
(P) of the boundary problem is a set of pressure values p defined at the center of each grid
cell at any time t.

Partial differential equation (1) is converted into corresponding finite difference system
of equations and apply to all positions of grid-cell. The solution (P) is obtained from
solving the following system of algebraic equations:

‘A‘; =|B| (10)
5 _ Bl
A (11)

Here |A| and B| are coefficient matrices. A is square matrix in diagonal form. B is

the column matrix. The components of the vector x is the unknown pressure at the center
of each grid-cell.

In the next step we divide time t into small enough time intervals At and
t = nAt; n =1,2,3...N. To determine the pressure field (P) at time t, we must calculate N

set of pressure field (P), with n =1,2,3 ... N. The steps to calculate are as follows:

The first step inn = 1:



In the initial state t = 0, reservoir pressure everywhere has the same value, equal to the
initial pressure of the reservoir.

Using geophysical parameters in the initial pressure state of each grid cell we calculate
components of \A\ and \B\ corresponding to pj.i; pressure state.

We solve equation (11) to find (P); at the time of time t, = nAt = At

Step to calculate pressure in time t,, n = 2:

We calculate geophysical parameters in the pressure state (P); for each grid-cell
according to the expressions (6-9).

Next, we calculate the components of A and B according to known data at the

pressure state (P);.
We solve equation (11) to find (P), at the time t, = nAt = 2At

Continue to the last calculation step in n = N:

We calculate geophysical parameters in the pressure state (P)n.; for each grid-cell
according to the expressions (6-9).

We calculate the components of \A\ and \B\ according to known data at the pressure

state (P)n.1.
We solve (11) to find (P)y at the time t = t,, = nAt = NAt .

Methods to adjust geophysical parameters

The geophysical parameters of each grid-cell in the initial state t = 0 are generated from
the upscaling technology. In these data set there is lack of measuring results to standardize,
so they are not accurate data. Therefore, the results of the digital simutation problem are
difficult to match the actual conditions of the reservoir. To overcome this, geophysical
parameters at each grid cell should be standardized according to the actual conditions of the
reservoir. Here, there are some experiences.

On the basis of set of actual measurement data of geophysical parameters at different
locations of the reservoir, we can find expressions (6-9). From these expressions, we
determine the value of geophysical parameters when knowing the pressure p in any position
(i, j) of the reservoir. If p is correct, it will be calculated the exact geophysical values, and
vice versa. Correct adjustment of geophysical parameters is equivalent to adjustment of
pressure p at different locations in the reservoir. Expressions (6-9) are always re-
standardized whenever new measurements are added.

DST allows determining the pressure field (P), at each step of calculation n. The set of
pressure values of (P), is determined exactly with reservoir conditions, which will be used
to adjust the geophysical parameters in grid cell locations at the next calculation steps.

In the step of calculating n any corresponding time period At, the solution (P), is
determined by solving the system of equations (11). Repeat s times for solving the equation
(11) in step n, then the results obtained (P),s are not the same. When s is large enough, (P)ns
changes little. It is necessary to select a sufficiently small change of (P),s for step n.
Therefore, it is important to note that when determining a solution (P),s, a sufficient level of
accuracy is required at each time step At .



When solving the system of equations (11) at the time step n = 1 with the initial
condition (4). At time t = 0, assume that the pressure at the center of the grid-cells is equal
and equal to the pressure pjn; of the reservoir. However, boundary conditions (5) can be
applied instead of (4). It means using any pressure value instead of p;.;; Or choosing any set
of pressure values (P) for the initial pressure state of the reservoir. Mathematically, after
doing s times the system of equations iteration (11) we always determine an exact solution
at the necessary level for this system of equations. However, pressure values according to
boundary conditions (5) are usually assumed pressure. They are not measured values in the
initial state corresponding to the position of each grid cell. Therefore, geophysical
parameters calculated by expressions (6-9) will not be accurate for each grid-cell in that
initial state. Thus, the determination of the coefficient matrices \A\ and \B\ in the system of

equations (11) will be different from the case of determining them when using the
condition (4). So, it should be noted that when solving the system of equations (11), it is
not only mathematically accurate but also accurate in terms of physical meaning and
timing.

Solving the system of equations (11), using the initial condition (4) will be favorable
because the reservoir pressure is the same everywhere. The value of geophysical
parameters is changed over time from the same initial time point t = 0. However, simulation
for reservoir status with long time will take a long time to calculate. If using the initial
condition (5), there will be two difficulties in practice. One is that it is impossible to
measure simultaneous pressure at all grid locations. The second is the very small number of
grid positions that can measure pressure. However, the simulation program uses initial
conditions (5) for much less computational time. Below, there is the Hypothetical
Simulation Method which presents the experience to transform the initial condition (4) to
(5) and vice versa. This helps the simulation program to be applied in practice even when
using the initial conditions (4) or (5).

Description of Hypothetical Simulation Method

Solve the system of equations (11) using the initial condition (5) with pressure p, y) in
different positions but it is unclear at what time, called hypothetical simulations. Pressure
difference dp = Pini-Prx, y) OF P, y) = Pinic-dp at each position of grid-cell with coordinates (x,
y) is determined. Hypothetical simulations also determine the period of time nAt at which
the pressure p, ) at any position (i, j) changes a dp value. So, we can convert the initial
condition (4) to (5) using the expression pisit = P, y) + dp and vice versa, convert (5) to (4)
using the expression P y) = Pinicdp.

In fact there are very few pressure values measured from the reservoir due to the limited
number of wells. Therefore, it is always necessary to add new pressure measurement values
to the digital simulation program to standardize geophysical parameters. However, these
parameters can be standardized by the digital simulation program by the method below.

Description of the method

Pinit 1S the measured pressure. Suppose the initial condition (4a) is generated from the
initial condition (4) by setting the ps pressure in any grid position (i, j). If (P), is the
solution of the boundary problem using the initial condition (4) at time step n and (Pa), is
the solution of the boundary problem using the initial condition (4a) at time step n, then the
solution (P), and (Pa), differ only in adjacent positions (i, j). Thus through DST, these
adjacent positions have been adjusted pressure to suit the pgs pressure. In general, the
solution of the boundary problem at the area near reservoir positions where reliable
pressure, will be adjusted in the direction of actual fit of the reservoir. Therefore, it is



possible to use the pressure of the cells near the well as the initial condition to adjust the
pressure of the cells far from the production well for suitable actual conditions of reservoir.

Conclusion

Digital simulation technology is now widely used in oil and gas industry. Finding out

the methods to make digital simulation results well suited to the actual conditions of
reservoir is always difficult problem. There are many different methods to solve this
problem. The paper presented some methods as good experiences to adjust geophysical
parameters to suit actual conditions of reservoir.
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Abstract. Vietnam is located in Southeast Asia, with diverse and complex geological conditions. Over
the years, seismic methods have been effectively applied to solve many different geological tasks such
as interpreting geological structure, petroleum and mineral exploration, research gas hydrate, etc.

In this report, we present some achievements using seismic methods for petroleum exploration to find
not only structural traps but also stratigraphic traps in sedimentary basins, in non-traditional fractured
granite basement reservoirs, and in the initial stage of gas - hydrate exploration. The development of
seismic acquisition methods such as 3D / 4C seismic, HRS has been applied. Advanced seismic
processing and interpretation methods has been used, such as seismic filters (T-P, Radon, SRMA...),
seismic imaging (Pre-stack Migration/PSTM, Control Beam Migration/CBM), seismic inversion (SlI),
Amplitude Versus Offset Analysis (AVO), Seismic Sequence Stratigraphy Analysis, Seismic Attribute
Analysis, Artificial Neural Network (ANN), etc. The results allow improving seismic interpretation,
hence helping oil and gas exploration efficiency.

Introduction

The continental shelf of Vietnam as a structural unit of continental crust Kontum - Borneo plate consolidated from
the end of Mesozoic, the beginning of Pre-Tertiary together with spreading of marginal “East Sea” having transitional
oceanic crust forms a common tectonic frame of South - East Asia. Geological development history allows formation
of sedimentary basins with petroleum, gas hydrate potential on continental shelf and East Sea region (Gwang, et al,
2001). The distribution of sedimentary basins in the continental shelf of Vietnam is shown in figure 1.

On the continental shelf of Vietham, oil and gas has been produced from Eocene, Oligocene, Miocene complexes
and from Pre-Cenozoic fractured basement rocks. New technology has been applied to improve the efficiency of
seismic processing and interpretation for oil and gas exploration focusing on complex objects such as stratigraphic
traps, fractured granite basement reservoirs, or gas hydrate in deep water area (Al-sadi, 2016; Nanda, 2016).

Enhancement of seismic data analysis for stratigraphic traps

Different from structural traps related to tectonic activities with dome-shaped trap types, in sedimentary basins of
the Vietnamese continental shelf, especially in the flank pinch-out and/or onlap area, many types of stratigraphic
traps exist with complex distribution and formation. Stratigraphic traps are related to sediment depositional,
environmental changes, or related to erosion, which covered by low permeability layers. They are usually not large in
size, and the geological data are normally limited to analyze stratigraphic traps. In order to solve this problem, it is
important to enhance seismic data interpretation, such as applying seismic sequence stratigraphy and using seismic
attributes (Tan et al, 2018).

Seismic sequence stratigraphy is based on analysis of patterns of seismic reflectors and analysis of sequences and
system tracts using a depositional sequence model as the main interpretation tool (Catuneanu, 2006). Analyzing



reflection patterns, seismic reflection terminations, seismic facies, etc., applying seismic sequence stratigraphy allow
determining stratigraphic units, identifying stratigraphic traps types such as pinch-outs, alluvial fans and predicting
lithology distribution. The research results obtained from analyzing seismic data in flank of Southeast Cuu Long
Basin clarify the presence, distribution and sedimentary facies of stratigraphic traps (Chuc et al, 2018). Image of
stratigraphic pinch-out trap in Southern margin of Cuu Long basin is shown in figure 2 and seismic section
interpreted by seismic stratigraphy with sedimentary sequence, system tracts and stratigraphic traps is shown in figure
3. This facies pattern and its external form derived on figure 4 reveals that the sediments were deposited during
regression of water level with high depositional energy. The pinch-out traps were formed due to the tapering off sand
layers landward or toward the horst, then these sand layers were overlaid by finer-grained sediment deposited in the
high stand stage of water level that played as top seal for the traps.

Seismic attribute analysis is based on the application of different attributes to enable the interpretation of
depositional environment as well as the identification of internal patterns in stratigraphic units. There are many
seismic attributes studies (RMS amplitude, spectral-decomposition, seismic inversion, average instantaneous phase,
etc.) applied in this area (Chopra and Marfurt, 2008; Tan et al, 2018). RMS amplitude in the study area showing
facies changing from delta plain to delta front, delta slope and the area delta sand bodies traps developed, the
stratigraphic trap has fan-shaped deposited in deltaic environments during low stand stage of water level and
distribution on a large area (Fig. 5a). The average instantaneous phase attribute (Fig. 5b) reveals that the boundary at
which seismic phases change approximately coincides with the boundary upper part of Oligocene fan. The fan-
shaped amplitude anomalies are interpreted to be the sand distribution that approximately coincides with the highest
thickness area observed on the isochore map. The Spectral Decomposition map in 25 Hz of Lowstand System
Tract/LST of upper part of Upper Oligocene is shown in figure 6. Note the changes in seismic phases at the boundary
which approximately coincides with upper part of Oligocene fan.

Study of reservoir in fractured zones of granite basement

In Vietnam, oil and gas are not only found in sedimentary environments, but also in fractured zones of granite
basement rocks. Oil and gas migrated from the source rock in sedimentary environment through faults and
accumulated in the fractured zones of the uplifted zone of granite basement (Fig.7).

The unique characteristics of basement reservoir require a careful evaluation and unique processing and
interpretation methods. Identifying of fracture zones distribution is important for extrapolation of favorable target for
exploration. However, because of the absence of stratified, coherent reflectors, illumination of basement faults is
more problematic than illumination of faults within the sedimentary sections. With the complex interference pattern,
non-layered and steeply dipping nature of faults and fractures, it is important to enhance seismic data processing,
reducing noise and multiple reflections (Ha et al, 2009; Tan et al, 2016). To solve the above problems, some effective
data processing methods were implemented:

- Applied seismic filters for removing multiple reflections from strong reflection surfaces in sediments and
revealing the weaker seismic signals inside basement.

Seismic signals from fractured granitic basement are very low quality, containing a lot of noise and multiples.
Multiples are related to strong reflection surfaces of the Miocene, Oligocene sediments, and top-basement. Multiple
suppression methods can be used based on either prediction criteria or normal move-out differential to improve the
weak primary reflections. Using seismic filters enhances the signal-to-noise ratio and improves seismic signals
significantly. Thus, using filters such as f-k, Tau-p and Radon transform for multiple attenuation is not only
successful in improvement of seismic signals for sedimentary units but also works well in fractured, non-layered and
structural complex basement in the Cuu Long Basin. Comparison of seismic section before and after reprocessing
with applying seismic filters shows images of fault and fractured in the basement more clearly (Fig.8),

- Enhance efficiency seismic migration for imaging steeply dipping fault and fracture plane events and using
of seismic attributes for further delineate and map out fractures.

Migration of seismic data corrects reflection from dipping surface to their true positions, collapses diffractions,
increases spatial resolution and resolves areas of complex geology. Kirchhoff Migration is one of seismic migration
methods that are extensively used in both layered environment and non-layered fractured basement by summing the
energy along diffraction curves. The advantage of this type of migration is that it can enhance signals of steeply
dipping objects and moderate lateral velocity variations. In a single-arrival migration algorithm, only one arrival is
imaged, depending on certain predefined criteria. In order to reduce the disadvantage, Controlled Beam Migration
(CBM) can handle multi-arrival ray paths, and preserve steeply dipping reflections, resulting in a cleaner image.



Figure 9 shows that improved imaging by CBM is allowing a better understanding of the orientation, spacing and
potential connectivity of the fracture zones within basement.
For further identification of fault signature, beside dynamic attributes (amplitude, frequency, spectrum...),

Geometrical attributes has been applied to well-established vector attributes including structural dip and azimuth and
amplitude energy gradients to provide greater interpreter interaction we could mathematically generate simple axis
rotations and project the two orthogonal dip or energy gradient components along the surface against the direction of
illumination. Figure 10 shows that using Geometrical Attributes allows to show clearly two main fault directions
inside the basement and images of fracturing zones between the faults.

Study of Gas Hydrate for the first step in Vietham

Gas hydrates are the accumulations of methane (natural gas) trapped in ice-like structures with water. They
represent an immense energy resource underlying large portions of the world’s marine continental shelves and Arctic
continental areas (Collet, 2002; Yuri, 2010). Figure 11 shows the area with favorable conditions for formation and
existence of gas hydrate in East Sea of Vietnam.

Gas hydrate has very different characteristics compared to traditional exploration objects. They are formed under
high pressure and low temperature conditions, so they exist only in shallow layers of the seabed in deep waters, with
complicated geological conditions. In recent years, many researches have been conducted to identify the premise
signs of gas hydrate potential within Vietnam economic water area, with surveys using a combination of methods
(Westbrook et al, 2008) such as High Resolution Seismic (HRS), Multibeam Echo Sounding, Hydro Acoustic,
Gravity Corer, Water Sampling, etc. Seismic data is processed based on petroleum seismic data processing
algorithms with the use of SRMA, Tau-P, Radon, FX filters, Pre-stack migration, seismic attribute analyses (Ojha and
Sain, 2009), but note on the GH located in the shallow layers of the seabed in deep waters may be revealed using
seismics of high frequency range. The achieved results detected the signs of existence of Bottom Simulated Reflected
(BSR), Gas Hydrate Stability Zone (GHSZ), blank zones (BZ), channels, pockmark, study upper sedimentary cover
structure, mark out fracture zones and faults, serving pathways for gas-saturated fluids, migrating upwards.

Figure 12 shows an example of velocity analysis related to the Bottom Simulating Reflector (BSR). The
correlation of Echo-sounder and seismic data documents have shown the signal of the pockmark at a depth of
1347.54 m (Fig. 13). The blank zone in the seismic section in eastern slope of the continental shelf of Vietnam is
shown in figure 14. The result of seismic attribute analyses (Amplitude Envelop, Instantaneous Frequency,
Instantaneous phase, First derivative of amplitude, second derivative of amplitude and Frequency gathered at 75Hz)
shows high potential of location of BSR at the time of 1.8 s. This result need to be more integrated with
geochemistry, geothermal and sea-bottom temperature data (Fig. 15)

Conclusions

Vietnam East Sea has many sedimentary basins with petroleum and gas hydrate potential. In addition to common
targets such as structural traps, there are also non-traditional targets such as stratigraphic traps, fractured basement
traps, gas hydrate in the deep sea. With the application of seismic sequence stratigraphic and seismic attributes
analysis, we can identify the existence, distribution and characteristics of stratigraphic traps in the flank zones of
sedimentary basins, contributing to increase accuracy of oil and gas potential assessment. Efficiency improvement of
3D seismic data processing using Radon, Tau-P filters, PSTM, CBM, and applying seismic attributes ... allows
identifying zones of faults and fracture inside basement related to oil and gas traps. The initial survey results in
Vietnam's deep sea waters show signs of existence of Gas Hydrate resources (BSR, GHSZ, pockmark ...) and further
research is needed.

Acknowledgements

The authors gratefully acknowledge HUMG, PVN and MONRE for granting permission to publish this paper, and
our colleagues for helpful suggestions.



References

Al-sadi, H.N., 2016. Seismic Hydrocarbon Exploration. 2D and 3D Techniques. Advances in Oil and Gas
Exploration & Production, 325 pp., DOI 10.1007/978-3-319-40436-3

Catuneanu, O., 2006, Principles of Sequence Stratigraphy, Alberta: Elsever B.V., pp. 178-197.
Collett, S.T., 2002, Energy resource potential of natural gas hydrates, AAPG Bulletin, V.86, No.11, pp. 1971-1992
Chopra, S., Marfurt, K., 2008, Merging and future trends in seismic attributes, The Leading EDGE, pp. 298-316,.

Chuc, N.D., Huy, T.N., Ha, M.T., Bach, H.V., Tan, M.T., 2018, “Assess Late syn-rift plays in Cuu Long basin,”
offshore Vietnam, Offshore Technology Conference Asia, Kuala Lumpur, Malaysia, OTC-28537-MS, ISBN: 978-
1-61399-552-5.

Gwang, H. L. et al, 2001, Geologic Evolution of the Cuu Long and Nam Con Son Basins, Offshore Southern

Vietnam, South China Sea, AAPG Bulletin, V85, No. 6, pp. 1051-1082
Ha, M.T., Marfurt, K. J., and Olebiju O, 2009, Attribute illumination of basement fault, examples from Cuu Long

basin basement, Vietnam and the Midcontinental, USA, Petrovietnam Journal. V.6 -2009, pp.10-20

Nanda, N. C., 2016, Seismic Data Interpretation and Evaluation for Hydrocarbon Exploration and Production, 224
pp., DOI 10.1007/978-3-319-26491-2

Ojha, M., Sain, K., 2009, Seismic attributes for identifying gas-hydrates and free-gas zones: application to the
Makran accretionary prism, Episodes, vol. 32, no. 4, pp. 264-270.

Tan M.T., Ha M.T., Marfurt K.J., Hieu N.T., Hanh N. T. M., 2016, Enhancement of Seismic Data Processing and
Interpretation of Fracture Zones on the Upper Part of Granitic Basement in Cuu Long Basin, Vietnam, Acta
Geophysica, 64 (6), pp.2214-2231, DOI: 10.1515/acgeo-2016-0082

Tan, M.T. et al, 2018, Enhancement of seismic data analysis for stratigraphic traps in the flank of Southeast the Cuu
Long Basin, Offshore Vietnam, The fifth Regional Congress on Geology, Minerals and Energy of Southeast Asia
(GEOSEA XV)

Yuri, F.M., 2010, Natural gas hydrates - A promising source of energy, Journal of Natural gas Science and
Engineering, Vol.2, Issue 1, pp. 49-59

Westbrook, G. K., Chand, S., Rossi, G., Biinz S., Camerlenghi A., Carcione J.M., Dean S., Foucher J.-P., Flueh E.,
Gei D., Haacke R.R., Madrussani G., Mienert J., Minshull T.A., Nouzé H., Peacock S., Reston T.J., Vanneste M.
and Zillmer M., 2008, Estimation of gas hydrate concentration from multi-component seismic data at sites on the
continental margins of NW Svalbard and the Storegga region of Norway, Marine and Petroleum Geology, vol. 25,
no. 8, pp. 744-758.



Figure Captions

Figure 1. The sedimentary basins in the continental shelf of Vietnam
Figure 2. Image of stratigraphic pinch-out trap in Southern margin of Cuu Long basin

Figure 3.Seismic section interpreted by seismic stratigraphy shown sedimentary sequence, system tracts and
stratigraphic traps in NE Cuu Long basin

Figure 4. Isochore map showing thickness changing of fan-shaped distribution

Figure 5. RMS amplitude map (a) and Average instantaneous phase map of Upper part of Oligocene in the study area.
Figure 6. Spectral Decomposition map in LST (Sequence C) of Upper Oligocene

Figure 7. The fractured granite basement traps in Cuu Long basin

Figure 8. Seismic section before (a) and after (b) reprocessing with applying seismic filters
Figure 9. Seismic section with Kirchhoff Migration (a) and CBM (b)

Figure 10. Improving image fault and fractured basement by using Geometrical Attributes
Figure 11. Methane Hydrate Stability Zone in Vietnam

Figure 12. Velocity analysis is related to the Bottom Simulating Reflector (BSR)

Figure 13. Echo-sounder and seismic data correlations

Figure 14: The blank zone in the seismic section in the continental shelf of Vietham

Figure 15: Seismic attributes for high potential of location of BSR



S

Da hfa'.n. Vi

-

4.
I'. Ha
.
b

Ul Lon
A5
%,

Chi r'.llil'lh
' Truong 5a Basin
Group

Stratigraphic

e

" d f =B =[= —0

Figure 2. Image of stratigraphic pinch-out trap in Southern margin of Cuu Long basin
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study area

Figure 6. Spectral Decomposition map in LST (Sequence C) of Upper Oligocene



Time (ms)

Regional "1 si!'dcnq.

2.0F i -

3.0

Depth (km)

ol
<}

5.0

Figure 7. The fractured granite basement traps in Cuu Long basin

Isz Womw g vm om0 WD M AR w0 W sE o uuoww o owmow0 0 “ss- B0 mw wm wm wm An WE w2 WD W N SR WO Wy mE B2 M0 ww

| | | | | | | [} I i | | | | | | | | |
e e SR : A ; ,
> R Ml P

1100

1200

1500

1400

1500

1600

1700

1900

e
27

Teme (e
Teme (ms)

R EA
TLalean

T 2 NS i
Iy e !
NI AT 3

¢ Vi
20 A e i o

1%
Avﬂ,\".tf{:‘ @

P
j N A,

N A
oV R, AN far
F’h,‘: () w‘j;4~.'§"‘-'?; vy f’ f‘gd‘g”"f I"%

At
WNEvE s
SR

A o
N N A

AT VA 7 G
N e )
SN 8L R Lt

b
FTIAL AT
“’*ﬂ("“%‘? f
o
4 L

A
TN AT AR
RSO T PN N AR

o
ARG

Figure 8. Seismic section before (a) and after (b) reprocessing with applying seismic filters
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Figure 13. Echo-sounder and seismic data correlations
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Application of information technology to improve the management of
mineral resources in Quang Ninh province - Vietham
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Abstract. The current mining operation of mineral resources in Quang
Ninh province-Vietnam is increasingly complicated. Correspondingly, the
management of the mine sites becomes more difficult. Records and
documents of minerals and mine sites are archived in different forms.
Database systems are stored dispersedly and insufficiently; in many cases
lack accuracy, topicality and have not been linked to each other
systematically. These lead to many difficulties in accessing and extracting
information for the implementation of management as well as for investors
and people with related interest. In this paper an advanced software has
been developed for the management of mineral resources and has been
applied for Quang Ninh province. The software has improved the
supervision and administration of the mining operation in the province.

1. Introduction

The development of Information Technology (IT) has profoundly changed the
economy, culture and society of many countries including Vietnam. IT has been applied in
various fields, promoting the economic development, transferring the economic structure
and altering the social structure. It contributes to creating more professions, deeply
changing the modern industries, improving the competition of traditional industries through
assistant systems such as telecommunications, electronic commerce and multimedia
services. Many developing countries in the past successfully improved and utilized IT and
achieved great developments such as India, China and Korea. It is noted that the application
of IT in the world are mostly limited to education, secure and military sectors. Applications
in the management of mineral resources are modest and highly manual. The management
files and documents are largely stored in hard copies, map files in AutoCAD, Maplinfo,
MicroStation, and soft files such as PDF, Word and Excel documents. Database systems are
archived dispersedly and insufficiently; in many cases lack accuracy, topicality and have
not been linked to each other systematically. These cause many difficulties in accessing and
extracting information for execution of management and for investors and people with
related interest.

In Vietnam, the operations of mineral resources in large scale and under strict
administration from the government are mainly located in Quang Ninh province which
owns abundant and diversified mineral resources. How to manage, protect, extract and



utilize these resources more properly, economically and efficiency is an urgent demand for
the sustainable development of socioeconomic issues in this province.

Statistics from Quang Ninh Environment and Natural Resources Department indicate
that in total there are 243 mines extracting 33 minerals of 6 different categories in this
province. The raw productions per year are more than 1.4 million cube meters of limestone
building materials, 474.000 cube meters of clay products, 79.000 tons of sand-soil building
materials, 6.5 million tons of limestone cement, 1.3 million tons of clay cement, 76.000
cube meters of mineral water, 40 million tons of coal and 2000 tons of other minerals [1].
The mining and processing operations are being expanded that contribute to creating
thousands of jobs for residents and promoting the socioeconomic development of Quang
Ninh. However, the booming development of mineral operation has considerably impacted
living environment such as air and water pollutions. Many mine sites do not strictly
conform with the approved design that consequently causes waste of resources. The illegal
mining operations sometimes remain uncontrolled that may trigger security problems.
Some operators do not apply the management appropriately, obey rules and they lack
administrative ability.

When the forth industrial revolution commences, it will be the revolution of connecting
things, internet of services, etc. It greatly impacts the domestic economy, official
government and especially mining companies with many unskilled labors [2]. IT can be a
highly feasible solution for these above problems in Quang Ninh and for the management
of mineral operation in general. The application of IT is expected to improve ability of
governmental administration; reduce tasks processing time; better support for archive,
search and processing applications in the mineral sectors. This paper presents the
development of an advanced software for these requirements.

2. Fundamentals and database
2.1 Fundamentals for development of database and software

The development of database and management software has been implemented in
compliance with the designated procedure attached in Circular 26/2014/TT-BTNMT
promulgated by Vietnam Ministry of Natural Resources and Environment (MONRE).

Checking, editing and presenting specialized maps of Quang Ninh minerals has been
implemented in compliance with the designated procedure attached in Circular
37/2011/TT-BTNMT promulgated by MONRE.

Geographic Information System (GIS) is an advanced technology that is being applied
widely in developing database of natural resources and environment. Once completed, the
system easily shares and connects to other systems of natural resources and environment.
The applied modules in the software are as follows:

*  GIS (ArcGIS Desktop) for editing and presenting specialized maps; building
and updating database,

*  WebGIS (GIS system distributed through network) for online distributing and
broadcasting geographic information through internet.

Program applications are developed on web-based technology with client-server
protocol. The management, storage, sharing and security are performed quickly and
efficiently. The working environment is multiform, and the interface is friendly in both
Vietnamese and English. The programming language is common (Java, VBA, SQL) which
eases the maintenance, exploitation and development of the software.

2.2 Development of mineral resources database for Quang Ninh

The following information is included:



General data of mineral resources in Quang Ninh,

Data of areal distribution of mineral resources in Quang Ninh,

Data of operating mines,

Data of administrative offices and person or companies working in the industry,
Other data (e.g., annual reports from companies and governmental offices).

The development of mineral database for Quang Ninh is implemented in compliance
with Circular 26/2014/TT-BTNMT. The procedures are as follows [3]:

Check and analyze the data collected,
Design a database model,

Create data of category and super data,
Create data of database,

Edit database,

Test final project.

Objectives of management are shown in Table 1.

Table 1. Objectives of management in mineral operation.

Order Name of objective Description
1 Administrative division District, Province/City, Ministry
2 Unit running mineral operation | Organization, company and individual participated
. . Information on governmental planning, authorization,
3 Information of mineral .
state of mining, photos
1. Zone in operation plus sparsely distributed area
4 Areal distribution of mineral 2. Zone of proh!b_lted mlneral_operatlc_)ns _
3. Zone of provisionally prohibited mineral operation
4. Zone of nationally reserved minerals
5 Mine site Mines are being operated and not yet operated
6 Specialized map of mineral Specialized maps of minerals in Quang Ninh
7 Report of mineral operation Sample reports of annual mining operation
8 Legal document Legal documents of mineral and mining operation
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Fig. 1. Software interface: objectives of management.

3. Software for management of mineral operation
3.1 Computerization of management skills and process

The skills and processes are computerized as follows:

Management of prohibited and provisionally prohibited mining operations; to
determine zones not for auction of mining right authorized by the provincial
people’s committee; to consult and propose measures protecting unmined
minerals; to schedule and run auction of mining right authorized by the provincial
people’s committee after approval,

Management of scheduling exploration, extraction and utilization of mineral in the
province; to timely detect and report new minerals to the provincial people’s
committee and to MONRE; to appraise file of recognized norms estimating
mineral reserves; to appraise file of reserves approval; to audit and inventory the
reserves which can be licensed by the provincial authority,

Management of appraising files for the authorization, extension, withdrawal and
return of exploration license; files for transference of exploration right and mining
right; files for return of a part of exploration and mining areas; projects of mine
closure; files for auction of mining right licensed by the province; to appraise pre-
authorization of mining right,

Management of appraisal of reports on mineral exploration for common building
material, peat and sparsely distributed minerals authorized by the provincial
people’s committee,

To audit and inventory the approved mineral reserves and periodically report to
MONRE; to periodically report on mineral operation in the province or irregularly
report by request from the provincial people’s committee or MONRE.

3.2 Administrative functions of software



The administrative function of the software is a tool extracting and searching
information for the enforcement of governmental mineral management in Quang Ninh. The
software provides functions to manage mineral area; to manage planning, exploration and
extraction of mineral; to manage files of mining licenses; to make a statistical report on
exploration and to inventory mineral reserves; to notify current status of mining operation
[1]. The detailed functions are given in Table 2.

Table 2. Administrative functions of software

Order Case of application

Functions: management of mineral areas

1 Management of information of (1) prohibited mineral operation; (2) provisionally
prohibited mineral operation; (3) non-auction zones for mining right

Functions: management of schedule, exploration, extraction and utilization
Management of file of (1) mineral schedule, exploration, extraction & utilization; (2)

recognized norms estimating mineral reserves; (3) approved mineral reserves; (4)
administrative division & administrative levels; (5) objectives in operation.
Functions: management of records/files on mineral operation

3 Management of file of (1) mineral exploration license; (2) mineral extraction license; (3)

transferring mineral exploration right; (4) transferring mineral mining right; (5) mine
closure project; (6) auctioning mineral mining right

Functions: management of reports on mineral exploration

4 Management of report on (1) mineral exploration for common building materials; (2)
peat exploration; (3) sparsely distributed mineral exploration

Functions: statistic and inventory of mineral reserves

(1) Management of report on statistic and inventory of approved mineral reserves; (2)
Management of report on periodic statistic and inventory of mineral reserves; (3)

5 Management of periodic report on mineral operation; (4) Notification/warning of mineral
reserves as time goes by; (5) Warning of mining capacity of mine sites; (6) Warning of
mineral exhaustion of mine sites
Functions: management of system catalogue

6 Management of (1) legal documents on geology & mineral; (2) catalogue of source; (3)

catalogue of mineral groups; (4) catalogue of mineral types; (5) catalogue of companies;
(6) catalogue of administrative divisions

4. Conclusions

The application of the software provides a channel for exchanging information between
administrative levels; improves the coordination between governmental offices; and
facilitates the governmental administration. The software timely updates current mining
operation with high reliability. This acts as a fundamental source for domestic and
international investor to evaluate their potential investment in Quang Ninh. The
environment of investment is accordingly improved. The program plays a role in
propagating and improving the community awareness on mineral legal policies, rights and
duties of the people’s committee and residents.

The software facilitates management of natural resources; timely updates information
for authorities; reduces time and manpower in manual searching and summarizing
information in periodical management; accesses and decreases cost.

Organizations and individuals easily and quickly access the authorized information on
geology and minerals. They are supported with favorable conditions to catch up with
general and detailed planning projects of Quang Ninh. Thus, they can reduce the risk of



making inappropriate decisions due to untrue or insufficient information. Finally, time and
effort will be largely saved due to the exchange and reuse of data.
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Abstract. Recently remarkable advancement development of unmanned
aerial vehicles (UAVs) has been observed and their applications have been
shown in many fields such as agriculture, industry, and environmental
management. However, in the mining industry, the application of UAV
technology remains potential. This paper presents a low-cost unmanned
aerial vehicle technology-based system for 3D mapping and air quality
monitoring at open-pit mine sites in Vietnam. The system includes several
dust sensors that are mounted on a low-cost rotary-wing type UAV. The
system collects a variety of data, mainly images and airborne pollutant
concentrations. To evaluate the performance of the proposed system, field
tests were carried out at the Coc Sau coal mine. Based on the images
transmitted to the ground monitoring station, large scale 3D topographic
maps were successfully modeled. In addition, sensors mounted on the
UAV system were able to monitor the levels of environmental variables
associated with the air quality within the pit such as temperature, dust, CO,
CO,, and NOx. The field test results in this study illustrate the applicability
of the low-cost UAV for the 3D mapping and the air quality monitoring at
large and deep coal pits with relatively high accuracy.

1. Introduction

As one of the most important economic activities, the mining industry of Vietnam has
been developing at a great pace. Coal produced by the Vietnam national coal-mineral
industries holding corporation limited (Vinacomin) increased significantly from 27.5
million tons in 2004 to 47.5 million tons in 2010 (Tran & Nguyen, 2011). This
accomplishment was attributed to the continuous application of advanced technologies in
producing activities. In addition, Tran and Nguyen (2011) pointed out that it is necessary to
continuously enhance the technology of all producing stages in order to achieve all



Vinacomin’s goals. Mine surveying and environmental management are two of those
important activities which have received great attention from both mining managers and
scientists.

Traditional methods such as total station, the global navigation satellite system (GNSS)
have been widely used in mining surveying with an accuracy of under 5 cm (Barry &
Coakley, 2013). However, their main disadvantages are high cost and time consuming (Bui
et al., 2016). In addition, the two methods meet many difficulties in areas with complicated
terrains, especially unsafety for surveyors.

The mining industry of Vietnam has made a great contribution to the country’s
economy. However, this industry also inevitably leads to many environmental problems. In
Vietnam, larger-scale open pit mines are often situated close proximity to population
centers. For example, two of the largest open-pit coal mines in Vietnam, Coc Sau, and Deo
Nai, are just about 1 km far from the Cam Pha city, Quang Ninh province (Figure 1). While
blasting is an integral part of large-scale open-pit mining, it normally causes the emission of
particulate material and gases potentially hazardous to health (Alvarado, Gonzalez,
Fletcher, & Doshi, 2015). These activities generate particles and gases such as methane
(CHy), carbon dioxide (CO,), nitrogen oxides (NO,), and sulfur oxides (SO,) that have
potentially dangerous environmental and health impacts. It is noted that airblast, ground
vibration, flyrock, toxic fumes, and particulate matter are the result of the blasting activity
(Raj, 2005). All blasting events in mining areas emit the primary residue of Particulate
matter, aerosols, ammonia, carbon dioxide (CO,), nitrogen, nitrogen oxides (NO,), and
sulfur oxides (SO,) (Alvarado et al., 2015). Although the exothermic reaction generates
CO,, water vapor, and Nitrogen (N,) in a special case, other toxic fumes are proved to be
produced in a range of concentrations as a result of environmental and technical factors
(Attalla, Day, Lange, Lilley, & Morgan, 2007). In order to have proper management of air
quality in mining areas, it is important to establish an effective monitoring system of air
quality.

Recently, a rapid development in the unmanned aerial vehicle (UAV) technology has
brought many benefits to not only military but also a wide range of civil fields such as
logistics (Haidari et al., 2016; Olivares, Cordova, Septlveda, & Derpich, 2015), precise
agriculture (Puri, Nayyar, & Raja, 2017; Rokhmana, 2015), forestry (Paneque-Galvez,
McCall, Napoletano, Wich, & Koh, 2014), urban management (Khan, Ectors, Bellemans,
Janssens, & Wets, 2017; Salvo, Caruso, & Scordo, 2014; Spanogianopoulos, Zhang, &
Spurgeon, 2017), hazardous and environmental management (Mourato, Fernandez, Pereira,
& Moreira, 2017; Oleire-Oltmanns, Marzolff, Peter, & Ries, 2012), and mining industry.
The preliminary successes of UAV applications have proved that this technology could be a
promising technology and likely to be employed in a wider field. While the world has
witnessed many excellent examples of using the UAV technology in the mining industry
for topographical survey, safety investigation and other works (Sungjae Lee & Choi, 2016),
this technology is still relatively new to Vietnam (Bui et al., 2016). For instance, the UAV
technology was utilized to carry out a topographic survey of areas on the slope of an open-
pit mine (McLeod et al., 2013). Another UAV based performance of topographic survey of
an ore stockpile was given by Cryderman, Mah, and Shufletoski (2014). These authors used
topographic data to estimate ore carrying capacity. S. Lee and Choi (2015) have proved that
fixed-wing and rotary-wing UAVs, the most popular ones, can be used effectively in both
small-scale and large-scale open-pit mines as a topographic surveying tool (S. Lee & Choi,
2015). For air quality monitoring in open-pit mine sites, results of the laboratory and field
tests conducted by Alvarado et al., (2015) demonstrated the feasibility of coupling an opto-
electronical dust sensor with UAVS.

As mentioned above, the application of UAVS has been proved as an alternative tool for
both 3D mapping and the air quality monitoring. In this study, a low-cost UAV-based



system was employed to perform two-fold purposes at Coc Sau open-pit coal mine, one of
the largest coal pit in Vietnam. This low-cost UAV system named as UMS-AM is designed
to collect the varieties of data which can be used for optimizing mining operations and also
control the atmospheric environment.

2. Description of the UMS-AM system
2.1 UAV platforms

The type of UAV is classified based on different but interrelated characteristics such as
size and payload, wing types, flight endurance, flight range, altitude and capabilities (Berie
& Burud, 2018). Based on wing types, there are two main types of UAV, namely the
rotary-wing and fixed-wing UAVSs. The latter is suitable for the applications that demand
longer flight endurance, but large space is needed for take-off and landing. Although the
former uses batteries and has shorter flight times (Paneque-Galvez et al., 2014), it has been
increasingly common because of its ability to take off and land vertically in the small space
and to maintain position. Therefore, in this study, a rotary-wing UAV was considered as a
feasible platform for the system. Specifically, its characteristics are in the following table 1.

Table 1. Specifications of major private UAV equipment

Name of UAV Inspire 2

Weight 4000 g

Battery 4280 mAh

Camera Multi: CMOS, 1" 20 MP

Max flight time Approx. 27 min

Cruise speed - P mode/A-mode: 16.4 ft/s (5 m/s)
- S-mode: 19.7 ft/s (6 m/s)

Radio link range 7 km

Payload Approx. 1.9 kg

The variety of UAV equipment allows users to have many different options. One of the
major advantages of this UAV type is their low prices. However, the payload has to be
taken into consideration as there are several air quality sensors and accessories mounted on
the UAV. In this study, the DIJ Inspire 2 was utilized for the investigation as shown in
figure 1.

Fig. 1. DJI Inspire 2 UAV (https://www.dji.com)



2.2 Sensors
2.2.1 Optical sensor (Inspire 2’s camera parameters)

The Zenmuse X4S is a powerful camera featuring a 20 megapixel 1-inch sensor and a
maximum ISO of 12,800. Dynamic range is increased from the Zenmuse X3 by 1 stop, with
the signal to noise ratio and color sensitivity increased by 1.5 stops for next-level image
quality. The Zenmuse X4S uses a DJI-designed compact lens with low dispersion and low
distortion 24mm equivalent prime lens. This 84° FOV, high resolution lens makes the
Zenmuse X4S as powerful during aerial imaging as it is on the ground. Combined with
CineCore 2.0, the Inspire 2’s powerful image processing system, it can record 4K/60 H.264
and 4K/30 H.265 videos at a 100Mbps bitrate, and oversample 5.2K video into 4K video in
real-time, capturing fine image details. In Burst Mode, the Zenmuse X4S supports 14fps
shooting at 20 megapixels in both JPEG and DNG formats. It is able to make the difficult
balance between agility and image quality (https://www.dji.com/zenmuse-x4s).

2.2.2 Air quality monitoring system

To evaluate mine pit the air quality within the atmosphere of a deep pit mine, the levels
of four major pollutants including PMy, CO, NO, and NO, were measured by UAV.
Several sensors described in Table 2 were attached to UAV for monitoring. Due to the load
limitation of UAV, light and compact sensors were packed in a perforated box and mounted
on the vehicle. Figure 3 shows the monitoring box installation and a picture of UAV flight.

The communication link played an important role between the data collection and
transmission. The data transmission should satisfy the requirements of stability and
reliability when the UAV equipped with the monitoring sensor box reach high altitude.
Thus, a smartphone or a tablet was attached into the monitoring box as a relay station and
also transceiver to store the measurement data. The structure of the UAV air quality
monitoring platform and the system concept are illustrated in Figure 2. In this study, prior
to flying the UAV, all the sensors were calibrated.



Data processing

Sensors

mart

Phone
DIJI Inspire 2 UAV

Control and communication

{— >

Fig. 2. Structure of the UAV air quality monitoring platform and system concept for collecting a
drone mounted air quality sensor

In addition, two ground monitoring stations were installed on the top of the pit mainly
to monitor the atmospheric condition of the free stream including the barometric pressure,
temperature and wind velocity along with the direction.

Table 2. Specifications of the air quality monitoring sensors

Monitoring Target Sensor category Range Precision Resolution
PMyq Laser dust sensor 0-500 pg/m® | +10% 0.3 pg/m3
CO Electrochemistry sensor | 0-750ppm +5%ppm | 1ppm

NO Electrochemistry sensor | 0-250ppm +5%ppm | 1ppm
NO, Electrochemistry sensor | 0-20ppm +5%ppm | 0.1 ppm




Fig. 3. Air quality monitoring components of the UMS-AS system

3. Study site

Coc Sau, as shown in Figure 4, was the second largest and the deepest open-pit mine in
Vietnam at the time of the study. Coal produced at the Coc Sau mine contributed over 2
million tons to the VINACOMIN’s production.

4. Operation and data processing
4.1 3D mapping section

Flight plans for aerial photography are established using the Pix4DCapture software
installing in an Ipad tablet. Considering the maximum flight time during battery charge, one
of the flight routes is shown in Fig 5a, and the flight altitude is calculated by considering
the topographic altitude of the surrounding areas. In addition, the lateral vertical overlaps of
the aerial photographs to be photographed were set to 80%.

In order to improve the accuracy of terrain survey results using UAVS, it is necessary to
correct the data using ground control points. In this study, 35 GCPs were installed in the
study area using markers (Fig 5b). We used GNSS CORs to measure the coordinates of
these GCPs. We measured the X, Y and Z coordinates of the GCPs by receiving the
satellite signals for about one minute after vertically positioning the CORs rover at the
center of the markers.
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Fig. 4. Location of the study area in Cam Pha city, Quang Ninh province, Vietnam

There is a variety of software for processing aerial photographs such as Pix4D,
Autodesk 123D Catch, DroneMapper, Acute3D, TBC, Agisoft Photoscan, and
PhotoModeler. However, Agisoft Photoscan has been approved to be the best one (Sona,
Pinto, Pagliari, Passoni, & Gini, 2014). Therefore, in this study, Agisoft Photoscan (ver
1.3.1) was used to process aerial photographs captured at the site (Fig 5d). When these
photos are entered into Agisoft Photoscan, key points that can be identified simultaneously
from multiple images are automatically extracted. With GNSS GCPs, 3D point clouds are
built for automatic photo matching process. In the next stage, the automatic aerial
triangulation (AAT) procedure is undertaken including the three following steps: (i)
calculate both external and internal orientation parameters; (ii) perform the least squares
block adjustment; and (iii) build mesh, digital surface model, and orthophoto.

4.2 Air quality monitoring measurement

This study had two-fold purposes for monitoring the atmospheric environment and
understanding the pollutants dispersion mechanism. Investigation of the air quality was
carried out within a large and deep pit mine. Pollutants dispersion in a deep pit depends on
the surface wind and the air density differences between the in and outside of the pit.

However, it is well known that strong nocturnal inversions occur in valleys and
mountain basins on calm, clear night (e.g. Hibberd 2003, Clements et al 2003) but there
was almost no data related to the existence of the inversion layer at the deep pits. Thus, this



study measured vertical temperature profiles to identify the temperature gradient to
determine the airflow stability during the study.

Fig. 5. 3D mapping steps in Coc Sau coal mine (a) Flight route and shooting points designed for the
study area; (b) The designed marker and Ground control points (GCPs) measured by GNSS CORs;
(c) Camera locations and image overlap; (d) Processing UAV photos with Agisoft Photoscan
software; (f) distribution of calibrated and checked points



Due to the limited battery capacity of UAV, the UAV has less hover time with more
load. The total load including sensors and other accessories was 1.0 kg, the hover time was
about 25 minutes. However, by excluding the time for starting and landing, it was necessary
to shorten the hover time to 15 minutes. Figure 6 shows the UAV flight paths to measure
the atmospheric environment problems within the pit. The space within the pit was divided
into two sections; H1 at -140m and H2 at 120m as shown in Figure 6. UAV flew through
these zones in a systematical way. The data collected were utilized to make 3D
environment maps.
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Fig. 6. UAV flight paths to measure the atmospheric environment at pit

For the second purpose to measure the vertical temperature profiles within the pit,
the UAV was flown along the flight paths shown in Figure 7. UAV started at the center of
the pit bottom and flew along the vertical line to 250m above the sea level. The flight was
made twice a day, before the sunrise and after the sunset.
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Fig. 7. UAV flight to measure the vertical temperature profiles

4.3 Accuracy assessment of the digital surface model

Accuracy assessment of the Digital Surface Model (DSM) is an important task, and
without this task, the DSM is useless. In this project, both the horizontal and vertical
assessments were carried out by comparing DSM with the GCPs measured by a Leica total
station in term of Root Mean Square Error (RMSE). More specifically, assessments in
easting (RMSEy), northing (RMSEy), vertical (RMSE;), and all components (RMSEyxyz)



were used, as suggested in Agiiera-Vega (Agiiera-Vega, Carvajal-Ramirez, & Martinez-
Carricondo, 2016), using equations as follows:

AX = Xpsm—Xgcp 1)

AY = Ypsm—Ygcp )

AZ = Zpsm—Zgcp @)

AXYZ = XYZpsu—XYZccp )

RMSE,, = SQRT[(l/ MY Kosw—Xoen)? ] )
RMSE, = SQRT| (1/ M., (Yos— Yecn)’ | ®)
RMSE, =SQRT| /M3, (Zosu ~ Zacs!)’ | @

R'\/ISEXYZ = SQRT[(:L/ n)z:zl((xosm - Xecpi)z +(YDSM _YGCPi)2 +(ZDSM _ZGCPi)Z):| (8)

where X, and Xy, are the X-coordinate component of GCP and corresponding
coordinate in DSM, respectively; Y., and Yy, are the Y-coordinate component of GCP
and corresponding coordinate in DSM, respectively; Z..,,and Z,,, are the Z-coordinate
component of GCP and corresponding coordinate in DSM, respectively.

5. Some of the field test results
5.1 3D mapping

Table 3 shows the aerial photographs of the study area using our designed system. 687
aerial photographs were shot according to the flight plan (Fig 5c). However, for the area
where air quality was monitored, there were 56 photos. The average spatial resolution of
the aerial photographs was about 8.55 cm/pixel. It took about 6 hours to process 687 aerial
images using Agisoft Photoscan.

Table 3. Data acquisition

Number of images 687 Camera stations 680
Flying attitude 327m Tie points 527,464
Ground resolution 8.55 cm/pixel Projections 2280976

To determine the best camera-lens parameters in this research, an optimization process
was carried out. For this task, the 35 GCPs were split into two subsets: (i) the first one is a
calibrating dataset that accounts for 17 GCPs of the total GCPs and was used for the
calibration of the camera-lens model and the bundle adjustment; (ii) the second one is a
checking dataset that consists of the remaining GCPs. 18 GCPs were used for checking the
final model and confirming its accuracy. Distribution of these GCPs in this study area is



shown in Fig. 5e. This is because these were unsafe areas to reach due to the coal seams
still were exploiting.

After the following steps: photo align, camera calibration, bundle adjustment, cloud
point building, and mesh creation, the digital surface model of the mine was produced (Fig.
8c). For the model calibration, RMSE for X, Y, Z, XYZis 1.1 cm, 1.7 cm, 4.9 cm, and 5.1
cm, respectively. The largest error for X is 2.0 cm and for Y is 5.4 cm whereas the largest
error for Z is 9.5 cm. The largest error for XYZ is 9.5 cm (Table 4). These indicate that the
close fit of the DSM model with the calibrating dataset.

Table 4. RMSE in X, Y, Z, XY and XYZ of GCPs used for the model calibration.

Calibration ax aY axY Az A XYZ (m)
Points (m) (m) (m) (m)
GCPO1 0.003 0.002 0.004 0.011 0.012
GCP02 danho -0.004 -0.014 0.015 -0.02 0.058
GCP04 -0.012 0.001 0.012 0.021 0.016
T2 -0.004 0.013 0.014 0.013 0.019
T5 0.007 0.007 0.010 -0.016 0.019
T7 0.005 -0.002 0.005 -0.054 0.054
T8 -0.02 -0.028 0.034 -0.063 0.072
T14 0.015 -0.012 0.019 -0.054 0.057
T18 0.004 -0.007 0.008 -0.025 0.026
T19 -0.008 0.001 0.008 0.095 0.095
T20 -0.007 -0.003 0.008 -0.014 0.016
T21 -0.007 -0.011 0.013 0.091 0.092
T22 0.006 -0.008 0.010 0.004 0.011
T27 -0.025 -0.017 0.030 0.063 0.07
T29 -0.016 0.012 0.020 0.079 0.081
T30 -0.007 -0.013 0.015 -0.028 0.032
T1 -0.004 -0.008 0.009 -0.017 0.019
Total 0.011 0.017 0.016 0.049 0.051

Table 5. RMSE in X, Y, Z, and XYZ of check points in this project.

ggﬁﬁt AX (M) AY (m) AXY (m) AZ (m) A XYZ (m)
GCPO3 | 0.120 0.166 0.205 -0.195 0.283

T3 -0.060 -0.020 0.063 -0.080 0.102

T4 -0.098 0.000 0.098 0.128 0.161

T6 -0.005 -0.032 0.032 20.207 0.210

T9 0.053 -0.003 0.053 -0.204 0.309

T10 0.069 0.037 0.078 0.255 0.267




T 0.094 -0.094 0.133 0.148 0.199
T12 0.022 0.003 0.022 -0.148 0.150
T15 0.035 -0.011 0.037 0.090 0.097
T16 0.044 -0.032 0.054 -0.035 0.065
T17 0.033 -0.089 0.095 -0.081 0.125
T23 -0.016 -0.064 0.066 -0.075 0.068
Toa 0.006 -0.058 0.058 0.071 0.059
T25 0.070 0.077 0.136 0.085 0.144
T26 -0.079 0.002 0.079 -0.071 0.079
To8 -0.108 -0.017 0.169 0.159 0.232
Ta1 0.082 -0.062 0.128 0.068 0.145
GCPO2 dato | 0-006 0.015 0.016 0.138 0.139
Total | 0.066 0.061 0.090 0.138 0.164

Fig. 8. Results of 3D mapping using the UMS-AM system (a) Digital Elevation Model (DEM); (b)
Othorphoto; (c) The 3D model of the Coc Sau coal mine.




Fig. 8a shows the DEM and orthoimage produced using the proposed system with a
resolution of 34 cm/pixel and 8.5 cm/pixel, respectively. In addition, Fig. 8c shows the
topographical results of the study area in three dimensions. For the accuracy assessment of
the results, the root mean square error (RMSE) for the position coordinates of the GCPs in
the X, Y, and Z directions is used.

Since the calibrating dataset was used for both the optimization process and the
goodness-of-fit, the result may be too positive. Therefore, the checking dataset that was not
used in the calibration phase was used to assess the accuracy of the DSM model. The result
is shown in Table 5. It could be seen that the RMSE of X, Y, Z, XYZ are 6.6 cm, 6.1 cm,
13.8 cm, and 16.4 cm, respectively. The highest error for X is 12.0 cm and for Y is 16.6 cm
whereas the highest error for Z is 25.5 cm and the highest error for XYZ is 28.3 cm (Table
5). These indicate that the accuracy of the DSM model is appropriate with the accuracy
requirement for mine surveying missions.

5.2 Air monitoring

Figure 9 shows the environment maps plotted in terms of CO, Dust (PMyy), NO and
temperature. These maps were generated by ArcGIS (version 10.2). In addition, in order to
complete the 3D contours, the Inverse Distance Weighted (IDW) interpolation method was
employed. These maps show the environmental pollution profiles at the altitude of +120m.

CARBON MONOXIDE CONCENTRATION MAP DUST CONCENTRATION MAP
e oty - ey o Larie ow Lo
Hr-agey 22707 e g -
il o
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Fig. 9. Concentration maps of air components (a) CO; (b) Dust (PM10); (c) NO

The dispersion mechanism within a deep open pit mine is complicated due to the effect
of topographic, thermal and meteorological factors. The meteorological conditions within
the deep open pit coal mine are significantly affected by temperature (stability) and
roughness conditions which ultimately generate complex dispersion phenomenon including
separation of the atmospheric boundary layer, recirculation, re-suspension, and settling of
PMy, (Bitkolov, 1969; Grainger & Meroney, 1993). Based on the site measurement, Figure
10 shows the vertical temperature profiles.

The possible temperature inversion effect was observed in Figure 10 (a) which was
based on the the first day measurement before the sunrise. However, this phenomenon was
not detected clearly in the other days. Further, the dispersion of air pollutants is dependent
on the Pasquill stability of the atmosphere classes in Table 6.



Table 6. Pasquill stability classes by the vertical temperature gradient

Stability class | Vertical temp gradient, AT/AZ (DegC/100m) Definition
A -1.9 very unstable
B -1.9to-1.7 unstable
C -1.7t0-1.5 slightly unstable
D -1.5t0-0.5 neutral
E -05t01.5 slightly unstable
F 1.5t04.0 stable
G >4.0 very stable

Table 7 shows the vertical temperature gradients for three days’ experiments. The
temperature gradient was in the range of 0.64-1.53 °C/100 m and the atmosphere can be
classified as E and F. This implies “slightly unstable” and “stable” which indicate the
dispersion of pollutants generated within the pit is hardly dispersed out of the deep pit. This
resulted in high dust concentrations observed during the study in Figure 9 (b).

Table 7. Vertical temperature gradients during the study

Before sunrise After sunset
Category Upward Downward Upward Downward
flight flight flight flight
1* day measurement 1.17 1.53 0.64 0.68
2" day measurement 0.68 0.84 1.53 1.28
3" day measurement 1.21 1.12 1.13 1.23
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6. Conclusion

In this study, a UAV-based system has been developed ultimately for the topographical
survey and the air quality management in the mining industry. The UAV system includes a
DJI Inspire 2 equipped by the RGB Zenmuse X4S camera, air quality monitoring sensors
and data logging system. Through the site study, the system proved to be a safe, effective
and economical tool for environmental management. Some of the limitations experienced
during the study were closely related to the UAV system itself; the limitation on UAV
allowable load was the most significant problem for the monitoring purposes. One of the
advantages of the low-cost UAV system is that 3D models can be generated easily without
additional efforts, while the system equipped with low-cost reliable sensors clearly show
the applicability of the mine environment monitoring system within the large and deep pit

mines.

Temperature ('C)

Time measurement; Before sunrise

Temperature (0C)

Time measurement: Aller sunsel

(c) 3rd day measurements

Fig. 10. Vertical temperature profiles by UAV measurement




For the accuracy of 3D models, the result showed that the DSM model has high
accuracy; RMSE in the calibrating dataset is 2 cm and 4.9 cm for vertical and horizontal,
respectively indicating high success-rate of fit, whereas RMSE in the checking dataset is
13.8 cm and 9 cm for vertical and horizontal, indicating high accuracy. These indicate that
the processes of capturing images, establishment of GCPs, and photogrammetric processing
were carried out successfully.

Ultimately, pollutant control measures can be derived by the system, since the air
pollution profiles are visible in the 3D maps and the main causes of the pollution can be
easily verified based on the 3D maps.
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Abstract. In this paper, a comparison and evaluation of three resampling
methods for gridded DEM is implemented. The evaluation was based on
the results of bilinear resampling, bi-cubic and Kriging resampling
methods for an experiment using both degraded and sampled datasets at 20
m and 60 m spatial resolutions. The evaluation of the algorithms was
accomplished comprehensively with visual and quantitative assessments.
The visual assessment process was based on direct comparison of the same
topographic features in different downscaled images, scatterplots and
profiles. The quantitative assessment was based on the most commonly
used parameters for DEM accuracy assessment such as root mean square
errors (RMSESs), linear regression parameters m and b, and correlation
coefficient R. Both visual and quantitative assessment revealed greater
accuracy of the Kriging over the other two conventional methods.

1. Introduction

The spatial resolution of a gridded DEM affects both the information content and the
accuracy of the data and, potentially, of many other secondary data products [1]. Examples
include the well-known effects of spatial resolution on the spatial properties of DEM and
other spatial data [2], on slope and aspect [3], watershed boundary delineation and the
accuracy of SWAT schemes [4], water run-off models [5], three dimensional modelling of
landscapes [6], local slope, plan curvature, drainage area [7], soil survey results and soil
moisture [8]. All of the above-mentioned studies showed that DEMs with a finer spatial
resolution can produce more informative and more accurate results.

Gridded DEMs with fine spatial resolution and high accuracy can be acquired using
remote sensing and airborne LiDAR technology, ground surveying or photogrammetry [9].
Airborne LiDAR enables the acquisition of data with a very high density of 3-dimensional
coordinate points and, therefore, production of a DEM with sub-meter spatial resolution.
Although being capable of generating a fine spatial resolution DEM, airborne LiDAR
technology has some challenges such as the very large amount of data storage required and
high computing capacity for data processing. Compared with airborne LiDAR, other
methods for fine spatial resolution DEM acquisition such as ground surveying and
photogrammetry are more time consuming and labour intensive [10].

Sometimes, it is necessary to resample the raster DEM to a higher resolution using the
common algorithms such as nearest neighbour, bilinear and bi-cubic interpolation.



Potentially, these algorithms can downscale the raster DEM data [11]. That means the
resolution or the accuracy of raster DEM were slightly improved through resampling using
these approaches [12]. Another method for resampling gridded DEM data to a finer
resolution Kriging interpolation [13]. Dixon and Earls [14] used the simple nearest
neighbour resampling to increase the resolution of DEMs and compare the effects of results
to the DEM’s products such as stream flow, watershed, delineations, number of sub-basins
and slopes. It was showed that the simple resampling of DEM did not increase the accuracy
of DEMs greatly, or, the resampling methods did not create new significant information
that is not available at the original resolution of DEM [15]. The experiments by Rees [16]
and Shi et. al. [12] showed that bilinear, bicubic and Kriging resampling increased the
accuracy of DEMs in term of root mean square error (RMSE) with a suitable value of re-
sampling ratio r. Comparing three resampling methods, Kriging performed better than the
other two methods for smooth terrain. However, for terrain with high roughness, the
performance of three methods were similar and further assessment of these three methods is
necessary [16]. Therefore, in this paper, the evaluation of the algorithms was accomplished
comprehensively with visual and quantitative assessments. The visual assessment process
was based on direct comparison of the same topographic features in different resampled
images, scatterplots and profiles. The quantitative assessment was based on the most
commonly used parameters for DEM accuracy assessment such as root mean square errors
(RMSEs), linear regression parameters m and b, and correlation coefficient R.

2. Method

To test the three algorithms for resampling, the DEMs with coarser spatial resolution
were used as an input to produce DEMs at the same resolution of reference data using the
bilinear, bi-cubic resampling, and Kriging interpolation. In the experiment with Kriging
interpolation, several Kriging parameters such as semivariogam models, number of samples
and range of searching for samples were tested. The most accurate results were selected
with Kriging interpolation using exponential variogram model with 8 samples.

The assessment was implemented based on both visual comparison of the resulting
DEMs from the three different methods and quantitative evaluation using the parameters
which were usually used for DEMs’ accuracy assessment such as RMSE [17], coefficient
of determination, linear regression parameters, and the elevation profiles [18].

Visual assessment of the results was carried out by several approaches. The first
approach is direct visual comparison of the DEM images, especially comparison of the
same topographical features in different images. The second approach is to analyse the
scatterplots between the elevation values the pixels of reference DEMs and the elevation
values of the corresponding pixels of the bilinear and bi-cubic resampled DEMs, and
Kriging interpolated DEM. Another approach which was used in many previous research
on DEM evaluation is comparing the profiles of the resulted downscaled DEMs [17]. These
profiles present the match between the surfaces formed by the reference DEM and the
surfaces formed by DEM at coarse spatial resolution, bilinear, bi-cubic and Kriging
resampling algorithms and therefore enable the evaluation of the effects of the algorithms
on different forms of terrain and topographical features.

The quantitative assessment was implemented mainly based on the RMSEs for whole
images and profiles. Together with the RMSEs, the linear regression coefficients such as
slope m, intercept b, and correlation R were used to assess the match between the
downscaled DEMs from the bilinear and bi-cubic resampling methods, Kriging
interpolation and the reference DEMs.



3 Reference and Testing Data

Two types of data were used to evaluate the proposed algorithm. The first type of data
was degraded coarse DEMs which were calculated from the reference DEMs at fine
resolution using nearest neighbour (or averaging method) to make a source of error-free
data for algorithm testing. Error-free means the elevation values of pixels in DEM do not
contain interpolation and measurement errors. The second type of data is real DEMs which
are mostly sampled from point elevation or contour data. Actually, the elevation of a pixel
of the DEM represents the elevation of the surface covered by this pixel so it must be the
averaged elevation of this surface. The interpolation algorithms are used to estimate this
representing elevation from point or contour data so the elevation of a pixel in the real grid
DEMs is actually the averaged elevation of all points within the footprint of this pixel with
some estimation errors.

The spatial resolution for testing DEM datasets in this paper was selected between 5 m
and 60 m and, accordingly, the zoom factor values are 3 or 4. There are two reasons for this
selection the spatial resolution. The first reason is because most of currently available
sources of grid DEM data are at this range of resolution. The second and more important
reason is that the increasing in accuracy of the data at these spatial resolutions is useful for
many applications.

The first DEM dataset covered an area of about 3.5 km by 3.5 km and were acquired at
Yen Thanh District, Nghe An Province, in North Central Vietnam. The area is located at
18° 58° 57.03” N, 105° 22’ 44.87” E, about 45 km from Vinh City. This DEM was
produced from topographic maps at the scale of 1:10000. The spatial resolution of the
original DEM is 20 m (Fig. 1(a)) and this was degraded to 60 m by averaging the elevation
value of 20 m pixels within the footprint of the degraded 60 m (Fig. 1.(b)).

The second dataset was acquired using ground surveying in Lang Son Province of
Vietnam. The area of the test field is about 200 m by 200 m in Mai Pha Ward, Lang Son
City which is about 150 km from Hanoi. A set of 533 measured elevation points were used
with Kriging interpolation to generate a gridded DEM dataset at 5 m spatial resolution for
use as a reference, as can be seen in Figure 3(a). The accuracy of reference DEM was
assessed based on the ASPRS Accuracy Standard for Digital Geospatial Data [19,20] with a
set of 234 validation points. The results of assessment (Table 1) showed that the quality of
the reference DEM is slightly better than that of 66.7-cm ASPRS DEM Class and Class
VIIlI of ASPRS 1990 Standards [20] with RMSEz of 48.3 cm and the Appropriate
Contourinterval of 1.449-meter. The coarse DEM at 20 m spatial resolution was created
using the same interpolation algorithm from the point data (Figure 3(b)). This coarse 20 m
DEM was used as input for the algorithms to make 5 m DEM and this result was compared
with 5 m DEM reference data.

4. Assessment

Visual comparison showed that the resulting DEMs generated by the bilinear and bi-
cubic resampling methods, and Kriging interpolation are visually more similar to the
reference DEM than the coarse spatial resolution DEMs for both degraded and sampled
datasets. The improvement in visual similarity between the resampled DEMs and reference
DEM is seen clearly when comparing between the 20 m DEMs in degraded datasets in
Nghe An (Fig. 1) and 5 m and 20 m DEMSs resampled datasets with reference DEMs (Fig.
2). While the images of original coarse resolution DEMs and the DEMs by resampling
methods, especially the images created by bi-cubic resampling, were blurred with noises
and the shapes of terrain features in these images look distorted, the images of Kriging
interpolation downscaled DEMs in Fig. 1(e), Fig. 2(e) look less noise and very similar to



the reference DEMs in Fig. 1(a), Fig. 2(a). The most clearly improvement of reconstruction
of the shapes of terrains can be seen in the marked areas in Fig. 1.

(d) (®)

Fig. 1 Downscaling of DEM from 60 m to 20 m spatial resolution. (a) Reference DEM at 20 m
resolution; (b) Degraded DEM at 60 m resolution (note: this forms the only input to the algorithms);
(c) DEM at 20 m using bilinear resampling; (d) DEM at 20 m resolution using bi-cubic resampling;

(e) DEM at 20 m resolution using Kriging interpolation.

The comparison of the surfaces of the resulting DEMs using profiles reveals a clearer
advantage of the resampling methods over the original coarse resolution DEM. In

Fig. 3, the elevation profiles of the Kriging interpolated DEMs are closer to the profiles
of reference DEMs than those of the bilinear and bi-cubic resampled DEM for both two
datasets. This is most clearly seen in the 5 m Lang Son dataset in

Fig. 3(c) (a column profile) and

Fig. 3(d) (a row profile) in places such as tops of hills or bottoms of valleys. In these
images, it is possible to observe that the surface formed by the Kriging interpolation DEM
are closer to the 5 m reference surface.

The visual comparison of scatterplots in Fig. 4 also showed the better match between the
results of the resampling methods and the reference DEM data in comparison with the
original coarse DEM. In these scatterplots, the two DEM data are considered to be closer if
the data points are located closer to the regression line. That means the slope coefficient m
is closer to the value of 1 and the intercept coefficient b is closer to the value of 0. The
scatterplots of the resampling results in Fig. 4 showed a closer match between the reference
DEM and the Kriging interpolation DEM data in comparison with the original coarse DEM
data, the bilinear and bi-cubic resampling,. The data points in the scatterplots in Fig. 4
showed that it is very close to and (sometime exactly on) the best fit line and the best fit
line’s coefficients in these scatterplots are closer to the value of 1 and 0.
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Fig. 2 Downscaling of DEM data from 20 m to 5 m spatial resolution. (a) Reference DEM data at 5 m
resolution; (b) Degraded DEM data at 20 m resolution (note: this forms the only input to the
algorithms); (c) DEM at 5 m resolution resulted from bilinear resampling; (d) DEM at 5 m resolution
resulted from bi-cubic resampling; (¢) DEM at 5 m resolution resulted from Kriging interpolation.
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Fig. 3 Comparison of reference surface (reference DEM), original coarse resolution surface (original
N-DEM), bilinear (original B-DEM) and bi-cubic (original C-DEM) resampled surfaces based on
profiles: (a) a column profile for 20 m degraded dataset in Nghe An; (b) a row profile for 20 m
degraded dataset in Nghe An; (c) a column profile for 5 m sampled dataset in Lang Son; (d) a row
profile for 5 m sampled Lang Son dataset.

Coinciding with the result of visual observation, quantitative assessment based on the
RMSE (Table 1) reveals a greater accuracy for the resampling and Kriging interpolation
methods. The RMSEs for the bilinear, bi-cubic resampling and Kriging interpolation
methods are 3.3716 m, 3.3716 m and 2.8874 m, respectively. Comparing with the RMSE of
the original 60 m data, the RMSE of the resampled DEMs at 20 m reduced significantly for
all three methods. The improvement in accuracy for sampled dataset is similar to that of the



degraded dataset. The RMSE of 5 m Lang Son data decreased sharply for the resampling
algorithms DEM with the values of 1.5139 m for bilinear resampling, 1.6 m for bi-cubic
resampling, and 1.2092 m for the Kriging interpolation. These statistics demonstrate that
the resampling methods can increase the accuracy of the gridded DEM when it is used to
downscale DEM to a finer spatial resolution.

The increase in accuracy in term of RMSE, along with the profiles, demonstrated the
effects of the terrain features on the algorithm. For the Nghe An dataset, the increase in
accuracy between the original and downscaled DEMs was relatively constant. The
similarity of the two DEMs can also be evaluated quantitatively using the linear regression
coefficients (m, b) and the correlation coefficient R (Table 2). Comparing two DEMs, if the
elevation of a pixel in the reference dataset is x and the elevation of the corresponding pixel
in the comparing dataset is y, the expected perfect fit line should be y = x such that m = 1
and b = 0. Because the value of m may be greater or smaller than 1 and the value of b may
be greater or smaller than 0, comparison between different values of m and b to define the
closeness of them to 1 and 0, respectively, sometimes it is not easy to evaluate. To make it
easier for this evaluation, the sub-parameters such as were calculated. The third parameter
for evaluating the fitting of the two datasets is the correlation coefficient R. The correlation
coefficient measures the association between two datasets and, thus, captures the
distribution of the data points in the scatterplots around the best fit line. The closer value of
R%to 1, the more data points are located close to the best fit line. A perfect match between
two DEM datasets means that all the data points are located on the identity line (y = x) and
the coefficient of determination R? = 1. That means the two datasets are exactly the same if
the value of m is equal to 1, b is equal to 0 and R? is equal to 1, simultaneously.

To evaluate the results of the different methods, linear regression models were fitted to
the relation between the reference data and the bilinear and bi-cubic resampled, and Kriging
interpolated data. The coefficient values show the better fitting of the Kriging interpolated
DEMs with the reference DEMs than those of the original DEMs, bilinear and bi-cubic
resampled DEMs. For all four datasets, the values of parameters m, b and R? of Kriging
interpolated DEMs are much closer to the values of 1, 0, and 1, respectively, than those of
the original, bilinear and bi-cubic resampled DEMs. In case of the Lang Son 5 m resampled
dataset, the values |1 - m| = 0.0550, |b|] = 16.3717 and R2 = 0.9884 for the Kriging
interpolated DEM showed greater similarity to the reference DEM than those of the original
coarse DEM (|1 - m| = 0.0310, |b] = 9.3306 and R2 = 0.9425), bilinear resampled DEM (|1 -
m| = 0.0399, |b| = 12.3782 and R2 = 0.9793), bi-cubic resampled DEM (|1 - m| = 0.0342, |b|
=10.6432 and R2 = 0.9763.

Linear regression coefficients for the 20 m Nghe An degraded dataset showed that the
resampled DEM matches very closely to the reference DEM. Surprisingly, the comparison
also showed that the original coarse DEM with parameters of |1-m| = 0.0178 and |b| =
2.1147 is generally more matched (less bias) to the reference DEM than the resampled

Table 1. Root mean squared error for bilinear, bi-cubic, Kriging resampling methods

Input coarse Bilinear _ _ o ) Accuracy
DEM (m) Bi-cubic (m) | Kriging (m) | improvement over
(m) input DEM (%)

RMSE for D1 dataset (20 m resolution)

Overall RMSE 6.9326 3.3026 3.3716 2.8874 71.4

Min CP 3.8029 2.5245 2.5619 2.6330 49.7

Max CP 5.1846 2.9851 3.0731 2.7065 61.1

Min RP 4.5824 2.8843 2.9332 2.8899 57.2

Max RP 6.4972 2.9903 3.0293 2.8799 73.0
RMSE for S1 dataset (5m resolution)

Overall RMSE 2.4571 1.5139 1.6000 1.2092 65.4

Min CP 1.4960 1.2419 1.2912 0.8727 34.9




Max CP 1.6962 1.1635 1.1821 1.1771 69.8
Min RP 1.7289 1.4081 1.4297 1.4138 35.6
Max RP 1.9510 1.4361 15174 1.6807 69.8
RMSE for S2 dataset (30m resolution)
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Fig. 4 Scatterplots of the reference fine spatial resolution DEM against the downscaled DEM for the
sampled 5 m Lang Son dataset test: (a) the reference DEM and coarse degraded DEM (N-DEM), (b)
the reference DEM and the bilinear resampled DEM (B-DEM), (c) the reference DEM and the bi-
cubic resampled DEM (C-DEM), (d) the reference DEM and Kriging interpolated DEM (K-DEM).

DEMs with |1 - m| = 0.0235 and |b| = 2.5368, and |1 - m| = 0.0219 and |b| = 2.3680 for
bilinear and bi-cubic resampled DEMSs, respectively. However, more data points of the
bilinear (R* = 0.9951) and bi-cubic (R? = 0.9948) resampled DEMs are distributed close to
the best fit line than those of the original 20 m DEM (R? = 0.9770).

Comparing the slope parameter m and intercept parameter b of the best fit lines of all
four datasets, it is clear that all the slope parameters m of the resampled DEMs are smaller
than 1 and the intercept parameters b are larger than 0. This means that for locally-low
places (usually the bottom of valleys) the pixels of the DEM data produced by these
methods are likely to be higher than the corresponding pixels in the reference DEM.
Conversely, for locally-high places such as the top of hills or mountain ridges, the elevation
of the pixels in the resampled DEM data is likely lower than that of the corresponding
pixels in the reference image. This is due to the smoothing effect (referred to as conditional
bias where highs are under-predicted and lows are over-predicted).

5. Conclusions

A test for resampling algorithms to increase the spatial resolution and accuracy of
gridded DEMs was implemented and demonstrated comprehensively using data with
different DEM spatial resolutions and characteristics. Tests of the resampling algorithms
were implemented on two types of elevation datasets; 20 m DEMs in Nghe An province,
Vietnam and a 5 m sampled DEM in Lang Son province. The test results revealed a sharp

increase in accuracy for the Kriging interpolated gridded DEMs in comparison with the
original (coarse) gridded DEM, and the bilinear and bi-cubic resampling. Visual assessment



revealed the greater similarity of the Kriging interpolated DEMs with the reference DEM
than the DEMSs generated by bilinear and bi-cubic resampling methods. Quantitative
accuracy assessment based on the RMSE revealed an increase in DEM accuracy for the
Kriging algorithm over the bilinear and bi-cubic resampling methods. The RMSE of the
Kriging interpolated DEMs decreased by approximately 58% and 50%for the 20 m DEMs
in Nghe An province and 5 m sampled DEM in Lang son province, respectively.

Table 2. Linear regression coefficients for Nghe An 20 m dataset, and the Lang Son 5 m

Datasets Linear Regression Coefficients
m b R’
60 m degraded DEM 0.9822 2.1147 0.9770
20 m Nghe | 20 m bilinear resampled DEM 0.9765 2.5368 0.9951
An dataset 20 m bi-cubic resampled DEM 0.9781 2.3680 0.9948
20 m Kriging interpolated DEM 0.9832 1.8217 0.9962
20 m coarse DEM 0.9690 9.3306 0.9425
Lang Son | 5 mbilinear resampled DEM 0.9601 12.3782 0.9793
dataset 5 m bi-cubic resampled DEM 0.9658 10.6432 0.9763
5 m Kriging interpolated DEM 0.9450 16.3717 0.9884

Further evaluation was also implemented using linear regression of the original fine
spatial resolution DEM against the original, the bilinear and bi-cubic resampled, and
Kriging interpolated DEMs, particularly focusing on the coefficients m, b and R2. Analysis
of these parameters showed that the Kriging interpolated DEMSs was closer to the reference
DEMs than the original DEM and those produced using the bilinear and bi-cubic
resampling methods.
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Vehicles

NGUYEN Quoc Long ", BUI Xuan Nam?, CAQO Xuan Cuong’, LE Van Canh'

! Hanoi University of Mining and Geology, Department of Mine Surveying, Hanoi, Vietnam
2Hanoi University of Mining and Geology, Department of Surface Mining, Hanoi, Vietnam
and Mine Surveying, Krakow, Poland

Abstract. In Vietnam, there are a huge number of quarries that are
exploited and mainly provide materials to the construction sector of the
country. However, most of the quarries are operating without topographic
plans due to a lack of surveying activities. This paper introduces an
approach of using low-cost UAVs to produce digital surface models which
in turn are used to draw topographic maps of quarries in Vietnam. For
assessments of accuracy, safety, and working efficiency, four quarries
different in terrain conditions, namely Luong Son, Long Son, Nui Nho, and
Nui Dai were selected as the study areas. Ground control points were
established in each area by using GNSS/RTK for camera calibration and
accuracy assessment. The accuracy of DSM was assessed using the root-
mean-square error (RMSE) in X, Y, Z, XY, and XYZ components.
Capturing images from each site were processed by using
Agisoft®PhotoScan Professional 1.5.2. The results showed that all the
DSM models of the four areas have high accuracy, RMSE on the checked
GCPs ranges from 1.0 to 9.0 cm, from 1.2 to 5.0 cm, from 4.4 to 13.4 cm,
from 1.6 to 10.3 cm, and from 4.9 to 16.9 cm for X, VY, Z, XY, XYZ
components, respectively. We concluded that the low-cost UAV based
mapping technology can guarantee the accuracy of DSMs, the safety of
UAV flying, and the efficiency of surveying working simultaneously when
using in quarries.

Introduction

Vietnam’s mining industry was started by French in the late 19" century before being
taken by Vietnamese in 1954 [1]. As one of the most important economic activities, the
mining industry of Vietnam has been developing at a great pace. There have been
approximately 1100 mines under excavation in which nearly two-third are open-pit ones
[1]. There are several large size open-pit mines such as Coc Sau, Cao Son, Deo Nai, Nui
Beo (coal mines), Sin Quyen (copper mine), the remain of open-pit mines are in small and
medium sizes. These mines include quarries that mainly provide materials to the cement
production industry and construction in Vietnam.

It is undeniable that topographic documents play an important role in the mining
operation. However, while several large coal open-pit mines have frequently topographic
surveys, almost every medium and small — sized ones do not. Therefore, these open-pit
mines rely on experience to carry out mining operations without topographical maps and
accurate mine drawings. There are several possible reasons including relatively lacking
capital and skills due to the conditions of one small business which in turn lead to not

! Corresponding author: nguyenguoclong@humg.edu.vn
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acquired surveying equipment and professional surveyors [2]. Recently, the rapid
development of geospatial technologies has brought many benefits to the mining surveying.
Among the most widely used surveying techniques such as Electronic Distance
Measurement (EDM) surveys or Total Station (TS) and RTK Global Navigation Satellite
System (GNSS) which are able to obtain observations with millimeter accuracy but cost
and time consuming, there have been new alternative techniques for topographic surveying
such as Terrestrial Laser Scanning (TLS) and airborne Light Detection and Ranging
(LiDAR) or airborne laser scanning (ALS) [3]. However, for these new ones, the cost and
survey time are still a critical issue to open-pit mines. For example, as the observation
distance of TLS is normally short, many scanning stations are required for the complex
terrain of open-pit mines. For LiDAR, it is noted that large uncertainties could be found in
vertical values while measuring such complicated open-cast mine environment [4].

In Vietnam, small and medium sized open-pit mines such as quarries are often located
in areas with complicated terrains and a variety of geological conditions. Many of them are
high limestone mountains, others are at a level of 100 meters below the sea level. The
changes of terrain elevation at these mines are significant. These lead to many challenges
for surveying services which are conducted by using traditional methods.

Recent advancements in robots and GNSS technologies have provided various
Unmanned Aerial Vehicles (UAVs) and UAV photogrammetry is recognized as a
technology that can replace or complement existing surveying equipment [5]. Especially,
small and low-cost UAVs with nonmetric digital cameras are becoming a valid and
effective alternative surveying technique for topographic reconnaissance and volumetric
computation [5-7], Civil Engineering ([8], disaster prevention [9, 10], agriculture [11]. In
addition, with the possibility of measuring a large area quickly, the UAV technology could
be observation solutions for small and medium open-air mine sites in Vietnam.

In this study, we perform investigations on the accuracy of 3D mapping several
complex terrain open-pit mines by using the UAV technology. These quarries are with a
variety of size and terrain and located in different regions of Vietnam, namely Nui Nho,
Long Son, Luong Son, and Nui Dai. In all cases, a DJI Phantom 4 Professional was used to
capture images, at different flight heights, whereas ground control points were measured by
using GNSS RTK. The image processing was carried out using Agisoft®PhotoScan
Professional 1.3. Finally, accuracy assessment for each case was performed and
conclusions are given.

Study areas

The study areas are four quarries with specific characteristics of terrain in the Northern
and Southern Vietnam, namely Luong Son, Long Son, Nui Nho, and Nui Dai. While Luong
Son and Long Son are located in the northern mountainous region of Vietnam, Nui Nho and
Nui Dai are situated in the southern of Vietnam (Fig. 1a). Long Son is a limestone quarry
and provides materials for the production of cement, whereas other three mines mainly
provide materials for civil construction such as air stations, roads, dams, etc. The area of
Long Son quarry is about 12 hectares with the highest point of 110m. The largest difference
between the mine and the surrounding area in altitude is about 100 m (Fig. 1b). Luong Son
is a mine of construction material stone, with an exploiting area of about 13 hectares with
steep rocky topography and the biggest difference in elevation is 110 m. Both Long Son
and Luong Son mines are exploited by cutting down from the top.

Nui Dai and Nui Nho are two quarries located in the southern part of Vietnam (Fig. 1a).
Nui Dai is one of the biggest quarries in Vietnam with the exploiting area of about 70



hectares. The highest peak of the mining area is 145 m, the lowest point is at 1 m above sea
level. Nui Nho is with an area of 27 ha, and down to the level of -110 m below sea level.

Materials and Methods
Principle of UAV based mapping technology

Unmanned aerial vehicles (UAVS) are a generic aircraft design which are intended to
operate without a human pilot on board [12]. It has been known with other terms such as
remote piloted aircraft or unmanned aerial system. Actually, according to ICAO [13], there
are a difference in the two terms. While the latter refers to UAVs that do not allow pilot
interventions during the flight and are mainly used in military contexts, the former one
refers to unmanned aircraft which are remotely controlled by a pilot [14]. To classify
UAVs, one can base on a wide range of different platforms which, due to their physical
size, structures and power, differ in terms of their capability and simplicity of operation.
These factors impact the payload carrying capacity, speed, altitude, and range of flight,
which determines the different applications that can be performed by each type of UAV.

In the field of surveying and mapping, the UAV is classified and summarized based on
its structure and type of taking-off and landing operation. There are two main UAVs
including fixed-wing and rotary-wing. Fixed-wing unmanned airplanes are flying with air
lift and are energy-efficient and can fly for a long time so that a large area can be shot at
one time. On the other hand, rotor blades are relatively inefficient. Although the short flight
time is short, vertical takeoff and landing are possible, so it can be used in small and
medium-sized open-pit mines where it is difficult to secure landings.
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Fig. 1. Location of investigating open-cast mines
(a) Luong Son; (b) Long Son; (c) Nui Nho; (d) Nui Dai

UAV and Camera

In small surveying projects, rotary-wing UAVs such as DJI Phantom 3, or 4
professional are often utilized widely. In this work, the study sites are small so we use a
phantom 4 professional to capture images. The Phantom 4 professional is a quadcopter
drone with four powerful rotors (Fig 2). Its airframe carries the GPS/IMU that enables it to
have posture control, stop flight, and automatically take off and land with high stability
[15]. The drone is capable of both manual flight mode using the controller and automatic
flight mode using the Android or 10S smartphone applications. If you use the automatic
mode, you can set the flight path, flight speed, flight altitude, shooting range and
overlapping of the photographs, so you can take more aerial photographs. The drone is
equipped with a 20 megapixel RGB camera with a focal length of 8.8 mm and sensor a size
of 13.2 x 8.8 mm that allows high-resolution aerial photography [16].

o

(e

Fig 2. Description of components of a DJI Phantom 4 Professional [16]

Establishment of ground control points

Ground control points (GCPs) play an important role in geo-referencing and evaluating
the accuracy of the DSM model. Therefore, GCPs need to be placed on the ground before
carrying out image acquisition. In the condition that all quarries were still operating, field
reconnaissance was conducted to select safe areas for placing these GCPs with a help of a
handhold GPS (Mapping v3.8 installed in a Samsung A7 smartphone). The GCPs were



distributed in each study area as much as possible, and they were assigned to positions
accessible from the field. The number of GCPs was also different from site to site as it
depends on the requirement of accuracy and size of each area (Fig 4).

Fig. 3 GCP marks and their coordinates measured by GNSS/RTK

In order to easily detect GCPs in acquiring images, the GCPs were marked with highly
reflective material for enhancing the contrast. The size of the printed marks was 60 x 60 cm
(Fig. 3). In the next step, coordinates (x, y, z) (VN2000/UTM Zone 48 N) for these GCPs
were determined using GNSS/RTK and the available horizontal and vertical surveying
networks at the mine areas.




(c) Nui Nho quarry (d) Nui Dai quarry

e GCP for calibrating the model
GCP for checking the accuracy of digital surface model

Fig 4. Distribution of calibrated and checked points in the four study areas

UAV image acquisition

For the aerial photography of the study area, the automatic mode flight plan of the
Phantom 4 Pro was established using the Pix4D Capture application installed in an 10S
smartphone. In the automatic mode, several important parameters are upload to the drone
including the size of mapping areas, flight height, as well as end-lap and side-lap of images.
As the limitation of flight time, each study area requires several missions to capture enough
images for mapping purpose. Table 1 illustrates flying missions of four study areas. In all
cases, both forward and side overlaps were set to 80%, but the flight altitudes changed site
by site as the change of the study areas® terrain (Table 1). Based on these settings,
automatic flight plans were developed to capture aerial photographs in the study areas.

Table 1. Flying missions

Name of Flight No of No of Image resolution Area
mine Altitude (m) | mission images (cm/pix) (hectare)
Luong Son 331 6 372 5.36 114
Long Son 303 1 80 5.95 15
Nui Nho 265 7 414 7.48 197
Nui Dai 365 3 215 7.76 121

Processing and accuracy assessment

In this study, Agisoft Photoscan Professional (ver 1.3) was used to process UAV
acquired images taken at the field. The data processing procedure of Agisoft Photoscan
includes five steps: (i) photo-alignment; (ii) bundle block adjustment; (iii) optimization, (iv)
3D surface reconstruction, (v) generation of Digital Surface Model (DSM). Firstly, when
images are input, key points that can be identified from each image are automatically
extracted, and then the singularities extracted from each image are linked with each other
through mutual comparison among a plurality of images, this process is called “photo-
alignment”. When geometric corrections of singularities are completed in each image, the
singularities representing the same points in several images are automatically matched
through comparison between consecutive UAV images. When the singularities are
extracted, 3D point cloud and the DSM model are generated. Also, an orthophoto can be
produced through the combination of UAV images.

Accuracy assessment of the Digital Surface Model (DSM) is an important task, and
without this task, the DSM is useless. In this project, both the horizontal and vertical
assessments were carried out by comparing DSM with the GCPs measured by a Leica total
station in term of Root Mean Square Error (RMSE). More specifically, assessments in



easting (RMSEy), northing (RMSEy), vertical (RMSE;), and all components (RMSExyz)
were used, as suggested in Agiiera-Vega [17], using equations as follows:

AX = Xpsm—Xagcp @

AY = Ypsm—Yecp O]

AZ = Zpsm—Zgcp @)

AXYZ = XYZpgy—XYZgcp @)

RMSE, = SQRT | (1/n) Z(AX)Z )

L i=1

RMSE, = SQRT (1/n)Z(AY)2 )
. i=1 -

RMSE, = SQRT |(1/n) ) (AZ)? 6)
| i=1 ]

RMSEyy, = SORT @)

(1/m) ) ((AX) + (A)? + (A2)%)
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where X, and X are the X-coordinate component of GCP and corresponding
coordinate in DSM, respectively; Y., and Yy, are the Y-coordinate component of GCP
and corresponding coordinate in DSM, respectively; Z..,and Z,,are the Z-coordinate
component of GCP and corresponding coordinate in DSM, respectively.

Results and discussions

In term of processing time, an average of 8 hours was spent to process orthographic
images and DSMs on a computer with Windows 10 64-bit operating system, 2.93 GHz x 4
CPU, and 32G RAM.

Luong Son case

For the case of Luong Son quarry a total of 372 images were acquired through six
missions. The point cloud of the quarry with around 20 million 3D points, was extracted
according to the data processing method described above, and an orthographic image and a
DSM were generated with resolutions of 5.3 and 43.7 cm, respectively. In addition,
topographic contours at 1 m intervals could be extracted from the DSM. The results are
shown in Fig 5c. The results are shown in Table 2 and 3. The root mean square error
(RMSE) of the position coordinates was analyzed to be about 2.0 cm in the horizontal
direction and 4.4 cm in the vertical direction



Fig 5. Processing results for Luong Son site

(a) Orthophoto (b) DSM, (c) Contour plan (an interval of 1 m)

Table 2. Error and RMSE in X, Y, Z, XY and XYZ of GCPs used for the model calibration

Calibration X error Y error Zerror XY error XYZ error
points (m) (m) (m) (m) (m)
T5 0.007 -0.019 -0.014 0.020 0.024
T6 0.013 0.006 0.001 0.014 0.014
T8 -0.008 -0.020 -0.019 0.022 0.029
T11 0.024 0.010 0.000 0.026 0.026
T12 0.016 0.011 0.091 0.019 0.093
GPS02 0.007 -0.003 0.017 0.008 0.019
GPS03 0.015 0.019 -0.019 0.024 0.031
GPS01 0.013 0.052 0.028 0.053 0.060
T9 -0.019 0.009 0.022 0.021 0.031
RMSE 0.015 0.022 0.035 0.026 0.043

Table 3. Error and RMSE in X, Y, Z, XY and XYZ of GCPs used for the checking DSM

Checking X error Y error Zerror XY error XYZ error

points (m) (m) (m) (m) (m)
T1 -0.004 -0.018 -0.072 0.018 0.074
T2 -0.004 -0.006 -0.034 0.007 0.034
T3 -0.032 -0.003 0.026 0.032 0.042
T4 0.006 -0.006 0.022 0.009 0.024
T7 0.000 -0.022 0.012 0.022 0.025
T10 -0.004 -0.009 0.040 0.010 0.041
T13 0.002 0.008 0.012 0.008 0.015
T15 0.019 0.003 0.049 0.019 0.052
T16 -0.025 0.029 -0.078 0.038 0.086

GPS04 -0.002 -0.016 0.041 0.016 0.044

RMSE 0.014 0.015 0.044 0.020 0.049




Long Son case

For the case of Long Son quarry, with an area of 15 hectares, a total of 80 images were
acquired through one mission. The point cloud of the quarry with approximately 3.77
million 3D points, was extracted according to the data processing method described above,
and an orthographic image and a DSM were generated with resolutions of 5.9 cm and 23.8
cm/pix, respectively. In addition, topographic contours at 1 m intervals could be extracted
from the DSM. The results are shown in Fig 6. The results are shown in Table 4 and 5. The
root mean square error (RMSE) of the position coordinates was analyzed to be about 2.6
cm in the horizontal direction and 5.3 cm in the vertical direction.

(b) (c)
Fig 6. Processing results for Long Son site
(a) Orthophoto (b) DSM, (c) Contour plan (an interval of 1 m)

Table 4. Error and RMSE in X, Y, Z, XY and XYZ of GCPs used for the model calibration

Calibration X error Y error Z error XY error XYZ error

points (m) (m) (m) (m) (m)
A2 -0.006 -0.001 -0.002 0.007 0.007
A3 -0.002 -0.002 0.013 0.002 0.013
A4 0.006 0.005 -0.030 0.008 0.031
A6 0.007 -0.001 0.024 0.007 0.025
A9 -0.007 0.001 -0.008 0.007 0.011
BS1 -0.007 0.005 -0.003 0.009 0.009
BS4 0.005 -0.003 -0.001 0.006 0.006

RMSE 0.007 0.003 0.016 0.007 0.017

Table 5. Error and RMSE in X, Y, Z, XY and XYZ of GCPs used for the checking DSM

Checking X error Y error Zerror XY error XYZ error
points (m) (m) (m) (m) (m)
12 0.012 -0.001 0.060 0.012 0.061
23 0.003 0.055 0.011 0.055 0.056
A5 -0.014 0.003 -0.008 0.014 0.016
AT -0.005 0.001 -0.081 0.005 0.081
A8 -0.010 -0.007 -0.061 0.012 0.062
RMSE 0.010 0.025 0.053 0.026 0.059




Nui Nho case

For the case of Nui Nho quarry, the largest study area (197 hectares), a total of 414 images
were acquired through seven missions. The point cloud of the quarry with 30.818 million
3D points, was extracted according to the data processing method described above, and an
orthographic image and a DSM were generated with resolutions of 7.4 and 29.9 cm/pix,
respectively. In addition, topographic contours at 1 m intervals could be extracted from the
DSM. The results are shown in Fig 7. The results are shown in Table 6 and 7. The root
mean square error (RMSE) of the position coordinates was analyzed to be about 10.3 cm in
the horizontal direction and 13.4 cm in the vertical direction.

(b)
Fig 7. Processing results for Nui Nho site
(a) Orthophoto (b) DSM, (c) Contour plan (an interval of 1 m)

Table 6. Error and RMSE in X, Y, Z, XY and XYZ of GCPs used for the model calibration

Calibration X error Y error Z error XY error XYZ error

points (m) (m) (m) (m) (m)
T4 0.000 -0.001 0.000 0.001 0.002
T1 -0.001 -0.001 0.000 0.001 0.001
T6 -0.003 -0.003 0.001 0.005 0.005
T7 -0.004 0.002 0.000 0.005 0.005
T8 -0.002 0.003 -0.001 0.004 0.004
T10 0.002 0.005 0.000 0.005 0.005
T13 0.007 0.002 0.002 0.007 0.008
T12 -0.002 0.007 -0.004 0.007 0.008
T16 0.003 -0.001 0.001 0.003 0.003
T19 -0.001 -0.005 -0.002 0.005 0.006
T24 0.009 -0.005 0.001 0.010 0.010
T25 0.009 0.002 -0.001 0.009 0.009
T22 -0.017 -0.004 0.001 0.018 0.018

RMSE 0.007 0.004 0.002 0.007 0.008

Table 7. Error and RMSE in X, Y, Z, XY and XYZ of GCPs used for the checking DSM

Checking X error Y error Z error XY error XYZ error
points (m) (m) (m) (m) (m)
T3 -0.086 0.013 -0.005 0.087 0.087
T23 0.004 -0.001 0.038 0.004 0.038




T5 -0.241 -0.010 -0.396 0.241 0.464
T9 -0.019 0.008 0.041 0.020 0.045
T11 -0.007 0.054 0.018 0.055 0.058
T17 0.062 -0.126 0.013 0.141 0.141
T20 -0.044 -0.052 0.017 0.068 0.070
T26 0.000 -0.004 0.035 0.004 0.035
T27 -0.047 0.017 0.004 0.050 0.050
RMSE 0.090 0.050 0.134 0.103 0.169
Nui Dai case

For the case of Luong Son quarry, with an area of 121 hectares, a total of 215 images
were acquired through six missions. The point cloud of the quarry with 16.37 million 3D
points, was extracted according to the data processing method described above, and an
orthographic image and a DSM were generated with resolutions of 7.7 and 31 cm/pix,
respectively. In addition, topographic contours at 1 m intervals could be extracted from the
DSM. The results are shown in Fig 8. The results are shown in Table 9 and 10. The root
mean square error (RMSE) of the position coordinates was analyzed to be about 1.6 cm in
the horizontal direction and 8.4 cm in the vertical direction

(b)

Fig 8. Processing results for Nui Dai site

©

(a) Orthophoto (b) DSM, (c) Contour plan (an interval of 1 m)

Table 9. Error and RMSE in X, Y, Z, XY and XYZ of GCPs used for the model calibration

Calibration X error Y error Z error XY error XYZ error
points (m) (m) (m) (m) (m)
G5 -0.028 -0.015 0.012 0.031 0.034
G3 -0.019 0.003 0.074 0.019 0.076
G9 -0.011 -0.004 -0.005 0.011 0.012
G8 -0.006 -0.008 -0.047 0.010 0.048
G1 0.024 0.000 -0.024 0.024 0.034
G4 0.015 0.022 -0.016 0.027 0.031
G7 -0.028 0.010 0.004 0.030 0.030
Gl1 -0.030 0.016 -0.083 0.034 0.089
G12 0.019 -0.007 0.099 0.020 0.101
G18 0.011 -0.023 -0.004 0.026 0.026




G20 0.008 -0.009 0.038 0.012 0.040
G14 0.000 0.007 0.000 0.007 0.007
G15 0.000 0.000 -0.001 0.000 0.001
G16 0.000 0.000 0.000 0.000 0.000
RMSE 0.018 0.012 0.044 0.021 0.049

Table 10. Error and RMSE in X, Y, Z, XY and XYZ of GCPs used for the checking DSM

Checking X error Y error Z error XY error XYZ error
points (m) (m) (m) (m) (m)
GPS 01 0.013 -0.001 -0.026 0.013 0.029
G2 0.008 0.023 0.040 0.024 0.047
G6 -0.004 0.006 -0.034 0.007 0.035
G10 -0.020 0.012 -0.084 0.023 0.087
G13 -0.001 -0.001 -0.179 0.002 0.179
G17 -0.009 -0.019 -0.081 0.021 0.083
G19 -0.006 -0.007 0.018 0.009 0.020
RMSE 0.010 0.012 0.084 0.016 0.086

(c) Nui Nho quarry

(d) Nui Dai quarry
Fig 9. 3D visualization of the four study areas using the orthophotos and DSMs

Discussions

One of important input parameters that needs to be set while developing flight plans is
the flight height. It is undeniable that this factor should be seriously considered as it
influences on several important issues such as DSM’s accuracy, the safety of UAV flying



and the efficiency of UAV mapping. In the four study cases, the flight height ranging from
150 m to 250 m ensures the safety of flying, the accuracy of final topographic plans, and
the working efficiency. Specifically, the case of Luong Son quarry which is the most
complicated terrain among the four study sites. With the flight altitude was set to 331 m,
the drone’s safety was ensured. While one may question the accuracy, the results show that
the MRSEs of XY and X are 2.1 and 4.6 cm, respectively. In other words, this completely
meets the accuracy requirement of the detailed survey. In addition, with an average of 15
minutes per mission, the flying time of Luong Son case was only 1.5 hours. Another
complex terrain quarry is Nui Dai, with the maximum and minimum elevations are +145m
m and +1 m, respectively. However, with the flight elevation of 365 m, a total of 45
minutes spent on flying, the RMSEs of XY and Z (in checking dataset) are 1.6 and 8.4 cm,
respectively, indicating the success of field work. For the case of Long Son quarry, as the
smallest area of 12 hectares, only one flight mission was carried out to capture images. The
accuracy of its DSM is high, and RMSE in checking dataset is 5.3 cm and 2.6 cm for
vertical and horizontal, respectively. The lowest accuracy was seen in the DSM of Nui Nho
quarry, RMSE in checking dataset is 10.3 cm and 13.4 cm for vertical and horizontal. From
the above analysis, the UAV technology shows its efficiency in mapping small sized open-
pit mines.

Conclusions

In this research, an assessment of potential application of low cost UAVs for producing
DSM and topographic plans at small and medium sized mine areas with four case studies at
Luong Son, Long Son, Nui Nho, and Nui Dai quarries, in Vietnam. Accordingly, a
lightweight and small DJI Phantom 4 Professional equipped by the nonmetric RGB Sony
EXMOR camera was used. For calibration of the camera and accuracy assessment of
DSMs, GCPs were established and determined XYZ coordination (VN2000/UTM Zone 48
N) using a GNSS/RTK CHC X20 with the horizontal accuracy of 5 mm + 1 ppm and the
vertical accuracy of 10 mm + 2 ppm.

In order to guarantee the accuracy of DSMs, the safety of UAV flying, and the
efficiency of surveying working simultaneously, the flight height for missions was set to
from 150 to 250 m with taking terrain conditions into account.

The result showed that the DSM model of Luong Son, the most complicated terrain
quarry, has high accuracy though the flight elevation was set to 331 m; the high success-
rate of fit was confirmed through RMSEs in the calibrating dataset, 2.6 cm and 3.5 cm for
vertical and horizontal, respectively, whereas RMSE in the checking dataset is 4.6 cm and
2.1 cm for vertical and horizontal, indicating high accuracy.

These indicate that the processes of capturing images, establishment of GCPs, and
photogrammetric processing were carried out successfully. In addition, in this study, the
low-cost rotary-wing drone can be used to survey a small scale and complex terrain quarry
quickly. Also, it can be operated by a small number of surveyors, about two people.
Therefore, it is considered that this small drone can replace or supplement existing
surveying equipment and can be practically used at quarries.
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Application of uncertainty analysis based on Monte Carlo (MC)
simulation for life cycle inventory (LCI)

Dariusz Sala"", Bogustaw Bieda®
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Abstract. You The use of Monte Carlo (MC) simulation was presented in
order to assess uncertainty in life cycle inventory (LCI) studies. The MC
method is finded as an important tool in environmental science and can be
considered the most effective quantification approach for uncertainties.
Uncertainty of data can be expressed through a definition of probability
distribution of that data (e.g. through standard deviation or variance). The
presented case in this study is based on the example of the emission of
SO2, generated during energy production in Integrated Steel Power Plant
(ISPP) in Krakéw, Poland. MC simulation using software Crystal Ball®
(CB), software, associated with Microsoft® Excel, was used for the
uncertainties analysis. The MC approach for assessing parameter
uncertainty is described. Analysed parameter (SO2,) performed in MC
simulation were assigned with log-normal distribution. Finally, the results
obtained using MC simulation, after 10,000 runs, more reliable than the
deterministic approach, is presented in form of the frequency charts and
summary statistics. Thanks to uncertainty analysis, a final result is obtained
in the form of value range. The results of this study will encourage other
researchers to consider this approach in their projects, and the results of
this study will encourage other LCA researchers to consider the uncertainty
in their projects and bring closer to industrial application.

1 Introduction
1.1 Uncertainty analysis of LCI

By definition, statistic and uncertainty are inexorably linked [1]. Definition of
uncertainty given by Huijbregts [2] is the following: “Uncertainty is defined as incomplete
or imprecise knowledge, which can arise from uncertainty in the data regarding the system,
the choice of models used to calculate emissions and the choice of scenarions with which to
define system boundaries, respectively”, and uncertainty defined by Walker et al. [3] as
,,any deviation from the unachievable ideal of completely deterministic knowledge of the
relevant system” was quoted in . According to [4] uncertainty analysis is another important
issue in LCA, as average data is usually used without considering the associated variability,
and the results can be misleading when comparing systems [4]. Deterministic approaches
and the description of processes in the studies of ecological life cycle assessment do not
properly reflect the reality [5]. The analysis of uncertainty, a pervasive topic in LCA studies
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[6], has been a subject for more than 10 years, and many LCA software tools (e.g. SimaPro,
GaBi) facilitate uncertainty propagation by means of sampling methods, most often used
Monte Carlo (MC) simulation [7,8,4]. Following the categorization of the US-EPA, quoted
in [9], tree types of uncertainty can be distinguished: parameter uncertainty, model
uncertainty, and scenario uncertainty. Also in this work [9] has been presented the main
sources of uncertainty (e.g. data inaccuracy and gaps, unrepresentative data, model
uncertainty, estimation of uncertainty). Detailed description of the combination of sources
of uncertainty (parameter, model and scenario uncertainties) and combination of source of
uncertainty and methods to address them (deterministic, probabilistic, possibilistic, and
simple methods) is discussed in the [10].

2. Monte Carlo Simulation
2.1 Parametr uncertainty — Data quality

One of the difficulties encountered in constructing a representative LCA is data
availability [11]. The quality of the data collected in the inventory is crucial to the outcome
of the LCA [12]. McCarthy [13] quoted many excellent texts on probability and probability
distributions used for uncertainty modelling. Analysis of this literature [e.g. 7, 8, 14]
indicated that majority of the data in environmental as well as ecological estimations and in
the description of chemical parameters have most often a log-normal followed by normal or
uniform shapes to use.

Parametr uncertainty of an LCA study is discussed in several studies [e.g. 8, 15, 16]. In
this study uncertainty analysis at the LCI level is conducted using Oracle Crystal Ball®
(CB) associated with Excel spreadsheet models for performing MC simulation. The CB
software helps analyse the risks and uncertainties associated with Microsoft Excel
spreadsheet models. LCI data were defined as probability distributions instead of
deterministic values.

The MC approach for assessing parameter uncertainty involves the following steps [17]:

1/ select a distribution to describe possible values of each parameter;

2/ specify properties of each parameters;

3/ generate data from the distribution;

4/ use the generated data as possible values of the parameter in the model to produce
output.

In fact, data uncertainty is often mentioned as a crucial limitation for a clear
interpretation of LCA results. However, uncertainty analysis is not commonly performed in
LCAs [2, 9, 18], although great efforts have been made on classification, definition, and
sources of uncertainty as well as methodological aspects for expressing uncertainty [19].

The knowledge of geometric mean, g, and geometric standard deviation, og, Of
probability distributions of input data, may prove useful during the process of defining the
confidence intervals. Effective formula for the multiplicative confidence interval is
provided in the work of other researchers [e.g. 7, 14], and take the following form:

(1 04 14+0,] TOr confidence interval of 68% (1)

where:
ug— mean geometric value



oq— Standard geometric deviation.

Detailed classification of methods for uncertainty characterization, uncertainty analysis,
and sensitivity analysis, according to the amount of information they provide, their
availability in LCA software, etc. is presented and discussed in [20]. Types of random
variables in uncertainty analysis in LCA studies is

2.2 Case study

Thecas study used the MCsimulation approach is illustrated below, based on the
example of the emission of SO,, generated during energy production in in Integrated Steel
Power Plant (ISPP) in Krakéw, Poland, based on the data obtained in 2005. By approximating
the SO, emissions with log-normal distribution, with a range of zero to infinity and its
parameters set to the levels shown in Fig. 1, where the mean value corresponds to an annual
deterministic SO, emission level amounting to 916.64 Mg. Simulation, with geometric
standard deviation, o4 =1.5, for the emission of SO, is suggested in literature (Sonneman et
al., 2004).

The results of the MC simulation, with a 10 000-step randomisation cycle, are shown in
Fig. 2, and in the form of statistical reports in Fig. 3 and 4.
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Fig. 1. Parameters of log-normal distribution approximating SO, emissions.
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Fig. 2. Frequency chart of the SO, emissions forecast, with 68% confidence interval
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The intervals corresponding to the 68% confidence level, calculated with the help of
suggested geometric standard deviation, o4 =1.5, for the emission of SO, is equal to:
[599.72; 1253.26]

Conclusion

Thanks to uncertainty analysis, a final result is obtained in the form of value range. As a
result, the results in this study based on the real data and obtained using MC simulation are
more reliable than the deterministic approach and has the advantage that no normality is
presumed.
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