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Method
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Abstract: Building an assessment framework and corresponding index system applicable to
geological environment impact assessment (GEIM) for new mines contributes to supervision
and protection of the geological environment of mines. Taking GEIM of a limestone mine to
be built in Chongzhou as a case, this study, by making use of analytic hierarchy process and
subsequent transformation from qualitative to quantitative variables, established the
quantitative assessment and the zoning assessment system in terms of the following four
aspects, namely geological environment of the mine, geological disaster risks, the influence of
mining on groundwater environment, and its impact on land and landscape resources. The
current study employed multi-objective linear weighting function to form mathematical model
and then worked out environmental quality scores and the zonations, which were expected to
reflect the characteristics of the geological environment of the mine. Besides, the assessment
results were analyzed so as to provide important reference for predictions on possible
environmental impact brought by the mine and for comprehensive treatment of the geological
environment.
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(LI Yan, 2005; MU Qi-chao, 2012; WEI Yi-qiang,
Introduction 2010). However, due to the diverse and complex

factors responsible for geological environment

Mine geological environment refers to a

relatively independent environmental system
formed by material exchange and energy transport
between mineral deposit as well as its surrounding
lithospheric surface (i.e., rock, mineral, soil,
groundwater, geological processes and geological
phenomena) affected by the mining activities, and
the atmosphere, water, and biosphere. The
interaction of all mining practices such as mining,
mineral separation and subsequent mineral
processing with mine geological environment may
lead to geological environmental damages such as
slope instability and land occupation as well as
water and soil pollution (M Monjezi, 2009).

Plenty of work has been done to identify
geological hazards or the subsequent impacts on

property and human safety resulting from mining
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impacts of mining, there has been no widely
accepted methodological strategy to integrate the
plentiful information and multiple indices relating
with the evaluation. The typical methods reported
such as grey comprehensive evaluation by JIANG
Fu-liang (2009) and fuzzy synthesis evaluation by
YANG Mei-zhong (2006) dealt with the evaluation
involving in expert personal judgment with
vagueness and ambiguity to some extent.
Therefore, the combination of analytic hierarchy
process (AHP) and multi-objective linear
weighting function (MOLF) in our study based on
decisions of up to five experts were expected to
lessen the flaws. Otherwise, specific considerations
of assessment indices and forming structural
framework for planning new mines are severely
deficient according to our knowledge up to date,
which are also covered in the current study.
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This study took a planning open pitting
limestone mine as a case to conduct geological
environmental impact assessment with proposed
AHP and MOLF and the specific considerations
for the planning new mine. Geological environ-
ment zonation for the mine was obtained to
determine the impact levels and present relevant
prevention schemes and suggestions in accordance
with geological environmental conditions and
environment impact levels of different zones.

Background of the Study Area

The research area is a limestone mine located
in the Jiguan Mountain in Chongzhou, Sichuan,
southwest of China. It is 104 km west of Chengdu
city, covering an area of about 6.7 km? (Fig. 1).
The Mining of limestone here is to supply cement
materials demanding for the reconstruction of
Wenchuan county after the 2008 Great Wenchuan
Earthquake. The limestone deposit in the strata of
median Permian system, and opencast mining was
adopted as the main method. The limit angle of the
side slope was set at 55° and the yield was
estimated at 200 Wt/a. This research was
conducted based on the data collected by survey of
mine geological and environmental conditions.

Wenchuan
Lixian
= 5
Shifang
Pengzhou
B
a Xindu
bigi__ )
. ¥ Chengdu™. -
%, Chongzhou",
Dayil LY
y s 3
L

- .
Ly [
- _t

Fig. 1 Location of the study area

Methods for Geological Environment
Impact Assessment of Mines

According to Requirements of Sichuan

Geological Environment Impact Assessment
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Technology of mine (for Trial Implementation)
(2006), possible geological environment impact
brought by a new mine can be summarized as
follows.

® Mining activities may lead to geological
disasters such as surface collapse, ground
subsidence, ground fissure, mountain crack,
collapse, landslide, and debris flow.

® Mining activities may result in changes in
water resources and water environment, including
the break of regional water balance, groundwater
resource exhaustion, sea water intrusion, pit inrush,
and water pollution.

® Mining activities may cause damage to
land resources and soil environment, including
changes in the present land use, soil and water loss,
land desertification, soil pollution and so on.

GEIM especially emphasizes the forecast of
geological environmental problems, namely
potential geological disasters. Therefore, this study,
in line with this unique feature, systematically and
hierarchically analyzed the assessment, and
highlighted the framework. The assessment was
divided into three aspects, namely geological
hazard assessment, groundwater environment
impact assessment, land resources and geological
relic impact assessment. Among them, geological
hazard conducted through
investigating the present situation of the mine, for

instance, the present geological environmental

assessment  was

conditions and the existing geological disasters.
Groundwater environment impact assessment as
well as land resources and geological relic impact
assessment forecasted the potential impact in the
future mining process in accordance with mining
planning.  Then,  comprehensive
assessment for mine geological environment was

zonation

conducted accordingly.
Based on the
assessment procedures can be developed with four

above considerations, the

aspects as follows:

Index System of Geological Environment
Impact Assessment of Mines. There are many
complex factors influencing mine environmental
geology (DENG An-yun, 2009). In line with
different mine environmental geological back-
grounds and mining processing ways, types, forms,
quantity and seriousness of mine environmental
geological problems can also be different. Based
on the mine geological environment and the actual
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situation of mining scheme, this study presented
the following four factors influencing the mine
environmental geology, namely mine geological
conditions, geological hazard,
influence of mining on groundwater environment

environmental

and its impact on land and landscape resources,
factors were taken as the basis of
constructing the index system of geological
environment impact assessment for mines. The

these

final index system included three levels, four kinds
of influencing factors and eleven assessment
indexes. The assessment index system is shown in
Fig. 2.

Weight Calculation. Analytic hierarchy
process (LUO Bing-jia, 2013; HUANG Shuang-
bing, 2012; QIAO Xu-jun, 2012) was used to
determine the weight. Through systematic analysis,
this method decomposed a complex problem into
an orderly class hierarchy model (see Fig. 2),
compared any two coherent factors of each class,
judged and quantified the relative importance of
various factors, so as to determine the weight of

Mine geological ]

assessment indexes (TANG Zhao-hui, 2012). In
this study, five experts from Sichuan Geology and
and Chengdu
University of Technology, who have been long

Mineral Exploitation Bureau
engaged in geological disaster prevention and
geological environmental protection, were invited
to give quantitative assessment of mine geological
environmental conditions and provide guidance for
the assessment process. First, the five experts
constructed a judgment matrix with 1-9 scaling
method. The judgment matrix is shown below, and
the table cells stand for the judgment of these five
experts on the importance of factors. Feature
vector w was obtained by sum-product method. In
the weight consistency check, the
consistency ratio (CR) of these five experts was
(0.020,0.079,0.0.31,0,0),(0.016,0.003,0.078,0,0),
(0.013,0.033,0.031,0,0),(0.023,0.033,0.031,0,0)
and (0.045,0.087,0.078,0,0) respectively, with
values all less than 0.1. Therefore, the consistency

index

was believed to be good, and the results were
acceptable.
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Fig. 2 Index system of GEIM
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Table 1 Objective hierarchy judgment matrix and index weights

A U1 U2 U3 U4 w E
U (LLLLY 2222102 33245 45342 (0‘45’(7)'373’(1")43’0'4 0.42
12,1/2,1/2,1/ (0.32,0.31,0.23,0.3
U, g (1LLLL1) (33,1.3.3) (4,4.2,4.4) 046 0.32

(3,13,12,1/4,  (1/3,1/3,1,1/3,1/ (0.12,0.14,0.19,0.1
U s 3 (LLLL1) (1.2, 12,172) 30.09) 0.13
(1/4,1/5,1/3,1/4,  (1/4,1/4,1/2,1/4, (0.10,0.08,0.15,0.0
s 12) 1/4) (LU2,1,122)  (LLLLI) 00.14) 0.11
U, Cu Ci Cis Cis - -
(1/2,1/2,1/3,13,  (0.20,0.19,0.18,0.1
Ch (LLLLYL (2121212 (322.12) ) §0.9) 0.20
Ch (221,172 (LLLLT) (23.2.2.2) CARRRY, (0'3792'352&)32’0'2 0.31
AB212.11 (12,131,172, (A/5.13,1/2,1/2,  (0.10,0.11,0.14,0.1
Cis 2) 12) (LLLLL) 1 6,0.17) 0.13
Cu (22332 (1/2.1, 1,1.1) (5322.1) .y o (03203503603 4,
7,0.29)
U2 C21 C22 C23 - - -
Q1/2,1/2,1/2,1 (0.31,0.35,0.20,0.2
C (LLLLY (1/2,3,1/2,1,1) ) ; 6023 0.24
Co (213211 LLLL)  @U212.1,0) . (0.49,0.17.031.0.3 ) 35
3.032)
G (122223) (1/2.22.1,1) (LLLLT) i (020,0.48,049.0.4 ) 39
1,0.45)
U3 C31 C32 - - - -
] ] (0.50,0.33,0.33,0.3
o (LLLLY (L1212, 1) 30.50) 0.45
(0.50,0.67,0.67,0.6
C32 (172>23291) (1,13 15131) - - 7’0.50) 052
Uy Ca Cp - - - -
(0.50,0.50,0.50,0.5
Ca  (LLLLD (L1111 ; ; 00.50) 0.50
] ] (0.50,0.50,0.50,0.5
Co  (LLLLD (LLLLD) 00.50) 0.50

Since the judgment of these experts was subject
to subjectivity, the geometric method (LI Lu, 2009)
of group decision-making was adopted to
normalize the weight values, and the formula is as

follows:
1

k x

W= 1_[ l.'.'._'l'r
k=1 vk=1,23.45 (1)
In the equation (1), W stands for the geometric

average of the weight values, K stands for the
number of experts, W stands for the number i
index weight decided by the number k expert. The

optimal weight obtained is shown in Table 1.

http://gwse.iheg.org.cn

Quantification of Assessment Indexes. The
limestone mine in Tujia Mountain in Chongzhou is
a new mine and all the assessment indexes are
qualitative. Therefore, quantification of indexes
was decided according to the experience of the
experts who have been engaged in the work related
to mine geological environment and geological
hazard (WANG Liang-jian, 2001). Each index was
divided into three levels, namely Condition Poor,
Medium and Good, and the coefficient of each
level is 1, 0.5, 0.1 respectively. A expert group of
five people gave scores according to the contents
of the assessment indexes. Then the average of
each level’s coefficients graded by all the experts
was calculated, and this average was thus believed

91



Journal of Groundwater Science and Engineering Vol.2 No.2 Jun. 2014

to be the score value of the qualitative index. The

contents and coefficients of each level of
assessment indexes are shown in Table 2.

Geological environment assessment indexes
and quantitative rating scale of the limestone mine
in Tujia Mountain in Chongzhou are shown in
Table 2.

Mathematical Model. The complexity of the
comprehensive assessment index system requires
an integrated assessment method (LI Yan, 2005)
supported by complicated and systematic theories.
In this study, multi-objective linear weighting
function (ZHAO Ying-xue, 2012) was employed to
establish a mathematical

model of mine

environmental quality impact index.
= Z (z oew) e, Vn=1,234 (2)
i=1 Jj=1

In the equation (2), R is the overall score of
geological environment quality, namely score of

the mine geological environment quality. Ais the

score of a certain qualitative index. Wi is the
weight value of the index level, and W. is the
weight value of the constraint level.

With the weights decided above, the
mathematical model of mine environmental quality
impact index was used to calculate the overall
scores, which were taken as the reference to
determine the assessment zonations. The mine
geological environment was divided into four
zonations, namely zonations of good, average,
relatively poor, and poor geological environment
quality. The assessment zonations were decided
according to the following standards: for the
zonation of good environment quality, R < 0.3; for
the average, 0.3<R<(0.5; for the zonation of
relatively poor environment quality, 0.5<R<0.7,
for the zonation of poor environment quality,
R>0.7.

Table 2 Mine geological environment assessment indexes and quantitative rating standards

Constraint

Condition levels

Weight  Index levels Weight -
levels Poor 1 Medium(0.5) Good(0.1)
Geographic complex . Simple terrain,
and . . Average terrain,
. 0.2 terrain, medium - shallow cut or
geomorphic medium cut .
L deep cut hilly
condition
Well developed Simple
structure, active Averagely structure,
neotectonics, developed basically no
Geological unstable structure, stable active faults,
0.31 ) )
structure surrounding surrounding rocks, stable
rocks, and and single surrounding
complex lithology rocks, and
lithology single lithology
. Ore d it .
Mine l;\?vereﬁ?;lll Ore deposit
geological . . higher than
environmenta 0.42 b erosion d Ore deposit 1 ower erosion
1 conditions aSIS’g9O ﬂ,lan crosion basis,poor
. water yield, basis,good water o+
Hydrogeologic . water yield,
. 0.13 good supply but  yield, good supply
al condition poor supply but
poor but average
. . good
discharge, discharge,comple . .
discharge,single
complex x boundary :
. hydrogeologica
hydrogeologica 1 boundar
1 boundary Y
Soft rocks, well Thick-layer §011d Bulk '[th.k—
. . rocks, medium layer solid
Engineering developed
. developed rocks,Non-
geological 0.34 fracture, low .
>, . fracture,medium developed
condition mechanical . .
streneth mechanical fracture, high
g strength mechanical
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Table 2 Continued

Condition levels

Constraint Weight  Index levels Weight -
levels Poor 1 Medium(0.5) Good(0.1)
strength
Dfi\e/:elrc;zn:);m Multiple Single geological
e)istin 0.24 geological ha;gardg med%um Single
eolo icgal ' hazard, great scale r’everse or geological
& hazfr d scale, bedding wi’de-an e hazard, small
Decree of slope, low rock oblique crogs sin scale, reverse
Geological 032 % ntial mass strength sloqe me diumg slope, high rock
hazard ’ po le cal 0.35 or with soft rI:)c’k mass mass strength,
gek?a(z)agrlga rock strata, strength, scientific scientific
I td unscientific exg 1(;i tation exploitation, far
Ht{p act degree exploitation, relatiSel far fr’om from the hidden
© mllnlqg (in 0.39 close to the the hid dZn daneer danger
gel?a;)agrl(cia hidden danger &
Influence on No change in
Influence of groun({yvater 0.45 Hydrochemical h grlzizrilgeiriincal hy('ir(()ic'hetmlcal
mining on quatity change, change . M tndicator
0.13 . . indicator content, content, no
groundwater Influence on in regional X
. . some groundwater  obvious change
environment water yield and 0.52 water balance e .
regime is changed  in groundwater
water cycle .
regime
Land Wide land Slight land
occupation and 0.5 occupation, Medium land occupation and
Impact of . . .
mining on damages serious occupation and deterioration,
Jand fn d 011 deterioration, deterioration solid solid waste
landscane ’ solid waste solid waste waste emissions emissions
P o 0.5 emissions affect affect the slightly affect
resources emissions .
the environment the
environment environment
i ff A MK i
@Qishinmiao ,_,d_az:_f HI -IV )/ IV
2T \L 18 | Y 4
-1
N
A O"I\;jiasl‘.ar.
[t 11 17171 ]
0 125 250 500 Meters
Geological environment zonations
i l:l Zonation of good quality H
l:l Zonation of interm ediate quality
l:l Zonation of relatively poor quality
l:l Zonation of poor quality
Fig. 3 Geological environment zonations for Jiguan Mountain, Chongzhou
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Table 3 Comprehensive zonation assessment of mine geological environment impact and forecast
results of environmental impact rating

Forecast of

. zonation Major geological .
Assessment zonation . . . geological
. area Period of impact environmental .
zonations code 2 environmental
km characters . .
impact rating
sonation of Slight impact on
. 0.67 During mining activity groundwater Slight
good quality .
environment
zonation of Slight geological
intermediate 3.92 During mining activity Eh 860108 Slight
. hazard
quality
- During mining Slight
- separation and Medium
- excavation Medium
- During mining activity Slight
From mine construction Slicht
to close Vulnerable to 12
- During mining geologica.l
sonation of separation and hazlard, Trllidlumd Slight
relatively poor —— 1.59 ex.cavat}op geologieal hazar
quality During mining degree, medium
- separation and impact on water Slight
excavation and land
From later period of resources
- mining to the formation Medium
of slope
) The latgr perlod of Medium
mining
- During mining activity Slight
zonation of poor 0.49 During mining activity Serious Slight

quality

geological hazard

Results and Discussion

According to the results of the mine geological

environment quality assessment, which was
supported by the assessment theoretical framework
and the method mentioned above, the limestone
mine in Tujia Mountain in Chongzhou was divided
into four environment zonations (Fig. 3). Among
them, the zonation of intermediate geological
environment quality covered the largest area,
accounting for 58.51% of the total assessment
scope. The zonation of good geological environ-
ment quality came next, accounting for 10.00% of
the total assessment scope. The zonation of poor
geological environment quality took up 7.31% of
the assessment scope. The mine construction land
mainly covered the zonations of average and
relatively poor geological environment quality, and
geological

the zonation of relatively poor

94

environment quality took up 23.73% of the
assessment scope.

In terms of geological environment zonations,
specific analyses were employed to mitigate
potential side impacts, given the potential suffering
objective, possible damage extent, difficulties in
environmental restoration and the mining plan.

For zonations of good and average geological
environment quality, namely zonations [ and IT,
there was slight geological hazard, and the mining
activities had little impact on the groundwater
environment in these areas. After mining practices,
there will be a big platform in zonation II, which
can be used for land reclamation, so as to fully
make use of the land. Generally, mining activities
bring slight influence on the land occupied and
only cause slight land damage. And they produce
no threats to the houses scattered in the area.
Therefore, it is concluded that mining operations
only have a slight impact on the geological
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environment in zonations [ and II. The zonation
of relatively poor geological environment was also
where geological hazard occurred most frequently
during the mining process. But the scale of
with slight to
medium risks, and it had a slight to medium impact

geological hazard was small,

on water and soil resources as well as the
environment. During the later period of mining,
high and steep slopes will appear in sub-zonations
II-VI, where rock joints and fissures are well
developed. Since there will appear bedding slopes
at the eastern boundary of the mining area and this
part meets the fault slope in a small angle, there
will be a risk of collapse. So the geological
environment impact is medium. If collapse or
debris flow happens in the sub-zonations III-1I,
[I-III during the mining process, the gully water
will be influenced, which can affect the drinking
water of some villagers downstream. Sub-zonation
M-V was the mine storage area, which occupied a
small amount of agricultural land, and had slight
occupancy of land resources and cause minor
damage. Therefore, the geological environment
impact of mining activities in the area can be
summarized as that the impacts in sub-zonations
[I-1I, HI-TI, III-VIl are medium, and in the rest
zonations are slight. The zonation of poor
geological environment was the landslide
accumulation area, which had high risks of
geological hazard. However, it is far away from
the mining area, so the mining practices will
neither cause damages to the geological
environment in this area, nor produce direct
influence on the water resources and the ecological
environment. So the geological environment of this
zonation is only slightly affected.

Conclusions

This study divided the comprehensive zonation
assessment of mine geological environment impact
into four sub-assessment groups, covering mine
geological environmental conditions, geological
hazard, influence of mining on groundwater
environment and its impact on land and landscape
resources. On this basis, an assessment index
system was established, and quantitative rating
calculation was conducted during the qualitative
assessment of mine geological environment quality,

http://gwse.iheg.org.cn

thus fully manifesting the importance of GEIM for
forecasting geological environment problems, and
highlighting the status of geological environment
impact assessment. The  systematic and
hierarchical analyses of the assessment helped to
decompose assessment factors step by step, so as
to form a hierarchical structure corresponding to
the analytic hierarchy process. It is thus believed to
be of great

environment impact assessment for mines.

significance to the geological
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