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Abstract. Coal mining is an important contributor to Vietnam’s GDP, however, it also seriously effects on the
environment. The environmental impact of the coal industry includes issues such as land use, waste management,
water and air pollution, caused by the coal mining, processing and the use of its products. In addition to
atmospheric pollution, coal burning produces hundreds of millions of tons of solid waste products annually,
including fly ash, bottom ash, and flue-gas desulfurization sludge, that contain mercury, uranium, thorium, arsenic,
and other heavy metals. This study presents the results of impact assessment of coal mining on land use/land cover,
water resources and urban landscape in Ha Long city, Quang Ninh province, North East of Vietnam. The study was
conducted in the basis of an analysis of samples (12 soil samples, 5 surface water samples and 5 groundwater
samples) and AHP hierarchical technique through a survey of 40 households, 30 managers and 30 technicians in the
coal mining area. The results obtained in this study show that land use change in coal area of Ha Long city is
proportional to annual coal production, in which agricultural land, residential land, river and stream water are the
factors most affected by coal mining.
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Introduction was to evaluate the impact of coal mining
on the surrounding environment
specifically on land cover/land use and

water, to contribute to environmental

Mineral resources are one of the most
important natural resources of each

country. Minerals are the source material
for many industries, such as energy
production, building materials, metal, for
agricultural, industrial.... Mineral mining is
one of the most important economic
activities in Vietnam, it also seriously
affects the land cover, natural ecosystems,
and human living environment at varying
degrees. Ha Long City - the center of Quang
Ninh province has big reserves of coal with
over 530 million tons of coal and the
potential for mining is huge. In recent
years, environmental quality in Ha Long
city is severely degraded. In fact, most of
soil, water and air in coal area of Ha Long
city has been infiltrated mixed in many
different types of toxic, seriously affect the
living environment (Ha Long City People's
Committee, 2015). Up to now, there is no
scientific research that has been fully
evaluated about the impacts of coal mining
activities in the coal mine area of Ha Long
city. Therefore, the purpose of the study

improvement after mining and to optimize
land wuse allocation for sustainable
development.

Materials and Methods

The secondary data are collected at
the Ha Long City People's Committee and
some other related departments. These
documents have been issued which related
to natural and socio-economic conditions,
coal mining activities and the impacts of
coal mining on land use, landscape and
water resources in Ha Long area.

Besides, this study examined the
comments of local people (40 votes),
management staff (30 votes) and technical
staff of enterprises in Ha Long coal mine
(30 votes) about the impact of coal mining
on land use/land cover.

The study was conducted on the basis
of an analysis of samples (12 soil samples,
5 surface water samples and 5
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groundwater samples). Samples were
collected during the survey in March 2015.
Sampling sites were selected at the Nam Lo
Phong waste disposal sites, surrounding
area of coal mining sites, coastal areas and
areas with tourist activities.

Finally, analytical hierarchy process
(AHP) method was used to evaluate the
impact of coal mining on soil quality and
land use, water quality and landscape
(Figure 1). The analytic hierarchy process
(AHP) is a structured technique for
organizing and analyzing complex
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decisions, based on mathematics and
psychology. Created by Thomas L. Saaty in
the 1970s, this method consists in the
development of a model that reflects the
workings of the human mind in the
evaluation of the alternatives facing a
complex decision problem. Up to now, this
method has been widely applied in many
fields such as land wuse, geology,
environment, agriculture, economy and
military (Adi Setiawan, 2014; Cengiz, 2009;
Le Canh Dinh, Tran Trong Duc, 2011).

Land vsa changs (C11)

Forast degradation (C12)

Arsncultural land dagradation (C13)

Landslids, erosion and soil washout (C14)

Domestic water (C21)

S saawater (C22

River/stream water (C23)

Groundwater (C24)

Negativa terrain (C31)

Positive (C32)

Coastline dynamic (C33)

Urban landscaps (C34)

Figure 1. The variables used in AHP model

Results and Discussion

There are numerous damaging
environmental impacts of coal that occur
through its mining, preparation,
combustion, waste storage, and transport.
The results of the component impact
assessment show that coal mining has the
strongest impact to the agricultural and
residential land, water resources and
landscape. Therefore, the combined impact
assessment of coal mining activities in coal
area of the Ha Long city is based on three

groups: land use, water resources and
landscape (Figure 1).

a) Pairwise comparison (Saaty’s AHP)
amd calculating the AHP weight (order = 1)
(factors affected)

The results of the AHP calculations
show that land use (w = 0.79) was the most
strongly affected by coal mining. Water
resources (w = 0.13) and landscapes (w =
0.08) are secondary and tertiary factors,
which affected by coal mining. The CI value
(<0.01) reflects the rationality in the
calculation (Table 1).
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The weight values of AHP are verified coal mining (40/40 votes), water resources
by comment of people using survey votes. is secondary (38/40) and landscape
The results show that land resources and (25/40) is tertiary affected by coal mining
land use are the most strongly affected by (Table 2).

Table 1.
Pairwise comparison (Saaty’s AHP) and the weight of impact of coal mining on environment
(Saaty’s matrix of order 1)

Factor Variable | C1 C2 C3 Weight (Wi) | Level of impact
Land use C1 1 4 7 0,79 1
Water resources C2 1/4 1 3 0,13 2
Landscape C3 1/7 1/3 1 0,08 3
Table 2.
Summary of survey result of impact of coal mining on the environment
Factor Number of votes Rate of votes (%)
Land use 40/40 100
Water resources 38/40 95
Landscape 25/40 62,5

b) Pairwise comparison (Saaty’s AHP)
amd calculating the AHP weight (order = 2)

After determination of the impact of coal
mining activities on the factors of matrix of
order 1, this study assesses the level of impact
in each major level.

The first is the impact on agricultural
land and residential land. This group has four
components which are determined to be most
affected by coal mining: forest appropriation,
forest degradation, waste rock and landslide.

If CI value less than 0.1, then the
calculation result is accepted. It can be seen
that the weight of landslide factor is highest (w
= 0.54), that is the coal mining activities have
the strongest impact on the removal of rock
material on the surface of the mining area. This
not only affects mining operations but also
affect the environment and landscape of coal
mining activities. Soil pollution due to waste
rock has the second highest weight value
(w=0.31). The impact of these two factors is
not as strong as that of waste rock and
landslides (w=0.17 and 0.13).

Pollution from coal mining may have a
negative impact on surface water and
groundwater. The results obtained show that
the impact of coal mining on river and stream
water resources is strongest (w=0.53).
Groundwater (w=0,31), sea water (w=0,11)

and domestic water (w=0,05) are less affected
from coal mining activities.

Coal mining has also affected the
landscape, in which urban landscape is the
most affected by coal mining activities (w =
0.5). Meanwhile, the coastline change is not
much affected by coal mining (w = 0.07).

To verify the results obtained by
application of AHP technique for assessing
the impact of coal mining activities on
environment and land use/land cover, in
this study we use the information collected
through  the social survey. The
questionnaire was designed with 7
questions, the respondents are the people
who live in areas directly and indirectly
affected by coal mining (40 questionnaires
in Ha Tu, Ha Lam and Ha Khanh wards).
The results which obtained show that all
questionnaires were selected that “coal
mining causes landslides” in coal area of Ha
Long city. Most questionnaires were
selected that “coal mining causes soil
pollution and forest degradation”. Finally,
the factors that most people consider least
affected by coal mining activities are
domestic water (15/40 votes), negative
terrain (15/40 votes), positive terrain
(15/40 votes) and coastline change (10/40
votes).
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Table 3.
Pairwise comparison (Saaty’s AHP) and the weight of impact of coal mining on land use
(Saaty’s matrix of order 2)

Forest Forest Waste Landslide | Weight
Factor Variable | appropriation | degradation | rock a c s) ¢ ‘; (%] Level
(C11) (C12) (C13) b
Forest C11 1,00 2,00 025 | 017 | 009 | 3
appropriation
Forest
. C12 0,50 1,00 0,20 0,13 0,06 4
degradation
Waste rock C13 4,00 5,00 1,00 0,50 0,31 2
Landslide Cia 6,00 8,00 2,00 1,00 0,54 1
Total 11,50 16,00 3,45 1,79 1,00
(CI=0,01)
Table 4.

Pairwise comparison (Saaty’s AHP) and the weight of impact of coal mining on water
resources (Saaty’s matrix of order 2)

Factor Variable D(‘)erses:ic wsaet?ar River/stream Groundwa | Weight | Leve
(Cz1) (Cz2) water (Cz3) ter (C24) W(i) 1
Domestic
water C21 1,00 0,33 0,13 0,17 0,05 4
Sea water Cz22 3,00 1,00 0,20 0,25 0,11 3
er\rlle;,ftté‘:a Cz3 8,00 | 4,00 1,00 3,00 053 | 1
Groundwater C24 5,00 6,00 0,33 1,00 0,31 2
Total 11,50 16,00 3,45 1,79 1,00
(C1=0,08)
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Table 5.
Pairwise comparison (Saaty’s AHP) and the weight of impact of coal mining on landscape
(Saaty’s matrix of order 2)

Negative | Positive | Coastline Urban .
. ) . - Weight
Factor Variable | terrain | terrain | dynamic | landscape W(i) Level
(Cs1) (Cs2) (Cs3) (Cz4)

Negative terrain Cs1 1,00 0,33 2,00 0,25 0,12 3
Positive terrain Cs2 3,00 1,00 5,00 0,50 0,31 2

Coastline Cas 0,50 0,20 1,00 0,17 007 | 4

dynamic
Urban landscape Cs4 4,00 2,00 6,00 1,00 0,50 1

Total 8,50 3,53 14,00 1,92 1,00
(CI=0,01)

Conclusion

Based on this study, it shows that coal
mining has a great impact on natural
resources and environment in Ha Long city,
Quang Ninh province, especially for land
use, water resources and urban landscape.
Land use change in Ha Long city is
proportional to coal production. Soil
erosion and landslide not only affected the
quality of soil, but also threatening the
resilience and the plan for reverting and
reusing in coal mining areas. Waste
disposal sites in study area (Nam Lo Phong,
Chinh Bac, Ha Tu..) were located near
residential areas, coastlines, upstream and
seriously affecting the water quality.

The results obtained in this paper can
be used to assess the impact of coal mining
on natural resources and the environment
and to help managers to take measures to
minimize these negative effects.
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NPUMEHEHUE METOZIA AHANMTUYECKOW MEPAPXHM (AHP) ANA OUEHKH KOMEUHHPOBRHHOIO
BO3AEMCTBUA A0BLIYKM VINA HA 3EMANENOCNb30BAHKE U OKPYIKAIOLLYIO CPERY. HA NPUMEPE B
TOPOAE XANOHT, NPOBMHLNA KVAHT HUHD, BbETHAM
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AHHomayus: [lo6blua yz2as Aeasemcsi 8aXCHbIM 8Kaadom 6 BBII BbemHama, 00HAKO 3moO makdce cepbe3Ho
e/usiem Ha okpyxcarowyr cpedy. Bozdelicmeue y2016HOU NPOMbIWLIEHHOCMU HA OKPYdcarowyio cpedy 8Kawvaem makue
npobsieMbl, KaK 3eM/1eno/1b308aHue, yodajaeHue omxodos, 3azpsizHeHue 80dbl U 8030yXd, 6bl38AHHOe 006bluell ya/s,
nepepabomkoii u ucnoab3osaHuem e2o npodykmos. B donosneHue k ammocepHOMy 302pA3HEHUN0, CHCUusaHue y2As
ejxce200H0 npou3eodum COMHU MU/ANUOHO8 MOHH MeepdblX 0mX0008, 8KAKYAS J1emy4yio 301y, AOHHYH 301y U 0CAJOK
decyabgypayuu dblMo8bIX 24308, KOMOpble codepircam pmyms, ypaH, mopull, MblubsK U dpyaue msiice/ible Memasansl. B
amom uccsaedosaHuu npedcmas.ieHbl pe3y/ibmambl OyYeHKU go3delicmeus dobbyu  yaasa Ha
3eM/1en0/1b308aHUe/pacmumenbHblil NOKpo8, 800HbIE pecypcbl U 20podckoll AaHdwagm 8 2opode Xa/noHz, nposuUHYUs
Kyane HuHb, cesepo-eocmok Bbemuama. HccaedosaHue nposodusiock Ha ocHose aHaau3a npob6 (12 o6pas3yos nouswl, 5
npo6 nogepxHocMHbslx 800 U 5 06pasyos zpyHmoswvix 80d) u mMemoda aHaaumuveckol uepapxuu (AHP) nocpedcmeom
o6caedosanus 40 domawHux xossaticms, 30 pykogodumeseti u 30 cheyuaaucmos 8 y204bHoll obaacmu. Pesyasmamul,
no/syyeHHble 8 IMOM UCCAed08AHUU, NOKA3bIBAIOM, YMO U3MEHeHUe 3eM/1eNn0/1b308aHUS 8 Y20/1bHOU 0biacmu 2opoda
XasoHz nponopyuoHaNbHO edxce200HOMY Nnpou3eodcmey yais, 8 KOMOpPOM CenbCKOX03slicmeeHHble y200bsl, HcuJjble
3eM/U, peyHble U peyHble 800bl 18AA0MCcs hakmopamu, Haubo.1ee 3ampoHymbiMu dobblyell yas.

Katouessie cnoea: [lobblua yeas, okpyxcarowas cpeda, semaenoavdosarue, AHP, Bbemuam
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